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Executive summary
Agriculture is a very important sector within the Lower Mekong Basin (LMB) and farming is the primary 
occupation of the rural areas within the LMB in each country. During the past decade, farmers has changed 
agricultural lands with these trends, including expanding agricultural area, changing crop type cultivation and 
pattern due to the improvement of irrigation, technology and market orientation, occurring of uncultivated 
lands due to land degradation, and changing from agricultural land to other purposes such as hydropower 
plants, industrial zone, and residential areas due to social-economic development. Agriculture is also the 
dominant water-related sector. In LMB, the dry season irrigated area of about 1.2 million hectares is less than 
10% of total agriculture area. The expansion of irrigation is limited by the availability of dry season water flow 
and investment capacity. All the countries of the Basin have policies and plans to expand irrigation areas to 
increase rice production and exports, diversify food production, respond to food security needs and address 
rural poverty.

The Governments of the MRC Member Countries realized the importance the impacts of agriculture to water 
sectors, therefore, the activity on agricultural land use monitoring initiated in the previous MRC Strategic Plan 
2011-2015 to analysis driving forces and impacts of agricultural land use changes to the local livelihoods and 
to provide recommendations to relevant stakeholder at different levels. Later, the pilot study on agricultural 
land use monitoring in the selected areas in each country was implemented under the current MRC Strategic 
Plan 2016-2020 under Activity 1.7.1 managed by the Agriculture and Irrigation sector of Planning Division, 
MRCS. 

The objectives of this pilot study are to; 

• Rreview and improve MRC land use/land cover (LULC) maps of 2003 and 2010; 

•  Produce agricultural land use maps in the selected pilot areas of the most updated year in each member 
country; 

•  Detect LULC changes, focusing on agricultural land use; 

•  Analyze driving forces of major agricultural land use changes and impacts of land use changes to local 
people’s livelihood for the selected case studies; and 

•  Highlight significant land use changes, their implications and provide recommendations on agricultural 
land use management at different levels.

In this pilot study, MRC has involved the national experts from the national line agencies for implementing 
the activity in the selected pilot area in member country. The national implementing agencies includes the 
General Directorate of Agriculture (Cambodia), the Forest Inventory and Planning Division (Lao PDR), the Land 
Development Department (Thailand), and the Sub-National Institute of Agricultural Planning and Projection 
(Vietnam). 

Each national expert team selected pilot area, which is the significant historical agricultural land use changes 
and socio-economic condition highly depended on agriculture, and case studies, which are representatives of 
major agricultural land use change of each country. 

The pilot areas and case studies in each country are as following;

•  Cambodia: Kampong Cham province, with the case of change from natural and semi-natural;
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•  Lao PDR: Bokeo province, with the cases of change from shifting cultivation (upland rice) to industrial 
plantation (banana and Para-rubber);

•  Thailand: Bueng Kan province, with the case of change from paddy fields to Para-rubber plantation;

•  Vietnam: Kien Giang province, with the case of change from 2 paddy rice to rice-shrimp farming.

Approaches and methods used:

The national expert teams reviewed MRC land use and land cover (LULC) maps of 2003 and 2010 in each 
pilot area and updated or provided the supplementary maps based on national data available. The team 
also provided the most updated LULC maps between 2014 – 2016 for reclassification and change detection. 
There are 19 classes based on FAO LCCS standard for MRC LULC maps of 2010, including annual crop, paddy 
rice, shifting cultivation, orchard, flooded forest, grassland, shrubland, urban area, industrial plantation, 
broadleaved deciduous forest, broadleaved evergreen forest, forest plantation, bamboo forest, coniferous 
forest, mangrove, marsh/swap area, aquaculture, and water body. The team also collected auxiliary data and 
information from national institutions and organizations to support their analysis and interpretation of the 
land use change and its driving forces and impacts to the local livelihoods as well as their recommendations 
at policy level.

In addition to the secondary data collection, the team selected the case studies and conducted a semi-
structure questionnaire as a tool to interview the farmers to identify the process of land use change, status 
of each household before/after the change, economic, social, and environmental status of the areas, using 
the mobile application for data collection, which  are developed specifically for this pilot project to address 
the paperless policy. There are 48, 100, 254, 50 cases interviewed in the selected pilot areas in Cambodia, 
Lao PDR, Thailand, and Vietnam, respectively. Then, the focus group discussion was applied to confirm the 
results from the interviews. The team discussed with a group of 5-10 people, including the interviewed 
farmers, senior farmer representatives, and local government officers on the LULC changes in their provinces, 
historical information of crop cultivation, the causes and effects of the changes, and government support to 
their livelihoods. The national experts then used their expert knowledge to quantify and qualify the results 
from all data collections, analyze, and synthesize those results to produce national reports.

Land Use/Land Cover Changes:

The results from LULC mapping and change detection applied Geographic Information System (GIS) shows 
that Kampong Cham province, Cambodia is mainly covered paddy fields (more than 40% of the total areas) 
and annual crop (e.g. maize, cassava) in 2010. Comparing between 2002 and 2010, we observe that in the 
past, natural & semi-natural areas were mostly disappeared with the significant increase of agricultural 
lands (incl. paddy rice, orchard, and industrial plantation) about 136,500 hectares or 30% of the total 
area. Bokeo province, Lao PDR is dominated by natural resources areas, including broadleaved deciduous 
forest, shrublands, and broadleaved evergreen forest, which cover about 594,000 hectares or 85% of the 
total provincial area. Major agricultural lands are used for annual crops, paddy rice and shifting cultivation, 
which cover about 30,600 hectares or 13% of the total area. The major agricultural land use change was 
the conversion of shifting cultivation, including upland rice and maize to annual crop, which is banana 
due to high investment of Chinese investors recently. Bueng Kan province, Thailand is mainly covered by 
agricultural lands, especially paddy rice (about 108,300 hectares or 27% of the total provincial area) and 
industrial plantation (about 200,300 hectares or 50% of the total provincial area). During 2006 – 2015, The 
Para-rubber plantation areas were mainly increased from mainly from about 60,500 hectares of paddy rice, 
21,400 hectares of deciduous forest, and 14,600 hectares of annual crops (e.g. cassava and maize) due to the 
higher production price and government support. Kien Giang province, Vietnam is dominated by agricultural 
areas, approximately 450,00 hectares or almost 80% of the total provincial area, which are mainly paddy rice, 
rice-shrimp farming and orchards. The farmers in the province have changed their farming model from two 
or three rice crop cultivation to an integrated paddy fields and rice-shrimp farming rotation due to salinity 
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intrusion affected by sea water level rice from climate change. During flooding season between November 
and February, the farmers grow winter-spring rice crop, while during March – October, they chose to do the 
integrated rice-shrimp farming instead of just cultivating on paddy fields.

Major Driving Forces:

From the interview and focus group discussion, the key findings of general information found that about 90 
percent of heads of the households and about 70 percent of the respondents/interviewees are male. Male 
still have a major role in a family in agricultural culture. The interviewed farmers are dominant by older 
generations and it seems that agricultural sector in the future tends to depend on younger generation that is 
similar to many countries around the world. Most famers completed less than high school degree that shows 
the limited accessibility in education in rural areas in the past. Currently, farmers hire more labours and utilize 
agricultural machinery and technology to enhance their competence in farming than the previous time when 
they were mainly used family labours.

The results show that economic factors are the major driving forces of the LULC changes. From the interview 
cases, out of 593 responses on economic factors, more than 80 percent agree that higher cost of and benefit 
of current crop productions is the major parameter that resulted in the conversion of their agricultural 
lands. The high crop production price is the most important reasons of farmers in changing their lands in 
all countries. The wider markets in Laos and Thailand are the second driving force of the changes, while 
less usage of chemical inputs and labours in Vietnam made farmers earned higher profit. For institutional 
factors, the results from 565 responses show that the most important institutional factor is Government 
policies or programs to support and promote the cultivation (36% of the total responses), however, 38% of 
the total responses, mentioned no relation from institutional aspect to their agricultural land use changes. 
In Cambodia, 100 percent of the interviewees said that the change since 1979 resulted in the expansion of 
agricultural areas converted forest and natural grasslands and shrublands. In Laos, Thailand, and Viet Nam, 
the government policies, for example, promotion of the commercialization of agricultural products in Laos, 
the Government’s natural rubber purchase policy to support farmers’ income in Thailand, and agricultural 
zoning, aquaculture land use investment and planning in Vietnam led to the LULC changes in these countries. 
Moreover, other factors led to the agricultural land use changes including more efficient transportation system 
and service (33% of 606 responses), climate change (incl. drought and sea level rise) (31% of 619 responses), 
especially in Vietnam when the sea level rise made locals had to adapt and converse their farming practices 
from 2-rice crop cultivation to rice-shrimp farming. The change in people lifestyle (47% of 558 responses) was 
also another driving factor when rural young generations move from working in primary/agricultural sector 
to secondary/industrial and tertiary/service sectors.

Impacts:

The usage of fertilizer and other inputs was increased 2-6 times higher quantity in all countries, except Vietnam 
that the integrated rice-shrimp farming reduced 3 times of average quantity use of chemical fertilizer and 
inputs. The water requirement/uses slightly increase for the cases in Cambodia and Laos, while somewhat 
decrease for the case in Thailand. However, it is not significant because agricultural lands in the selected 
province in Cambodia, Laos, and Thailand mainly depend on rainfed agriculture. In Viet Nam, although the 
change from 2-paddy crop to rice-shrimp farming double water usage, this practice is more preferable to 
the climate change adaptation when Viet Nam delta is recently encountering the saline water intrusion from 
sea level rise. For biodiversity condition, the interviewed farmers did not notice much change, however, it 
was definitely changed in Kampong Cham province due to deforestation and conversion of natural areas to 
agricultural and urban areas. In Bueng Kan province, some animals in rice paddy such as fishes and crabs 
and some aquatic plants were loss, but there were some emerges of other animals such as foxes, snakes, 
and reptiles. The biodiversity is not much change in the cases of Laos and Vietnam because of rich in forest 
ecosystem in Bokeo province and similar farming practices system in Kien Giang
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For the case studies of Laos, Thailand, and Viet Nam, farmers have gained higher income from agricultural 
activities on average up to 5, 10, and 1.6 times of the previous income, respectively. For Cambodia, it was 
natural forest with no people living in the previous time, therefore, the land conversion to agricultural land 
have provide income for local farmers as well as household consumption in Kampong Cham province. This 
change has led to better livelihoods and food security of the local people in Cambodia. In addition, the total 
net incomes on average show that the households of case studies in Cambodia, Laos, and Viet Nam earn 
higher income. For Cambodia and Laos, farmers can have some money saving in their family that their net 
income were negative previously. For Viet Nam, the average net income increases 5 times higher. Oppositely, 
the households in Thailand have lower net income on average due to high expenditures for food and others. 
Considering the secured market, the farmers in Cambodia, Laos and Thailand mentioned that they have 
more secure market after the changes due to better accessible to wider and various markets, especially 
international market. The Vietnamese farmers stated that they still have insecure market because the price 
of products largely depend on the purchasers or middlemen. 

In a nutshell, the changes of agricultural practices advance social and economic benefits to the livelihoods 
of rural households of those case studies in all countries. The farmers earn higher income and have more 
capacity to spend for their food and others to comfort and improve their lifestyle.

10 

however, it cannot offer high crop production to famers. Therefore, they moved to grow economic 
crops such as maize, rubber, and banana. In addition, the team chose to study the increase of Para-
rubber and banana plantations because these two crops are recently major influences of the economic 
and socio-cultural condition in Bokeo province. 

3.2.3 Case study in Thailand 

The Thai expert team chose the change from paddy rice to Para-rubber plantation as a case study in 
Bueng Kan province, which is the largest province in the northeastern Thailand planted Para-rubber. 
Previously rice cultivation in the most popular agricultural activity in the northeastern region, 
however, after 2003 when Thai government had a policy to expand areas of Para-rubber plantation 
around 160,000 hectares and provided some subsidies to support this change, many farmers, who 
previously cultivated rice and other annual crops, decided to switch their lands for the rubber 
plantation.  

3.2.4 Case study in Viet Nam 

The Vietnamese expert team chose the change from paddy rice to rice shrimp farming as a case study 
in Kien Giang province due to data and information founded from their literature reviews. The team 
refers to the report of Asian Management and Development Institute (AMDI) that the 2-rice cropping 
areas increase double during 2005 – 2015 in Mekong Delta. Moreover, most of the changes occurred 
in Kien Giang province, particularly in An Bien district. 

 

 
Figure 3 Case studies for agricultural land use monitoring in each pilot area 

 

 

 

 

 

 

 

Key recommendations to basin-wide management and development in agriculture and irrigation sector:

As the inter-governmental organization, Mekong River Commission directly work with the governments of 
Cambodia, Lao PDR, Thailand and Viet Nam to jointly manage the shared water resources and the sustainable 
development of the Mekong River, being responsible for formulating a Basin Development Plan. According to 
the study, some actions for the upcoming MRC Basin Development Plan and Strategy are suggested.

1. 	Apply	multi-sensors	approach	(Optical/SAR)	and	multi-temporal	of	satellite	images	to	improve	accuracy	
of	MRC’s	LULC	map	products. Due to a very dynamic LULC and regular cloud cover in the Lower Mekong 
Region, the combination of multi-sensor satellite images can provide broaden advantages for data and 
information retrieving and mapping, offering more complete view of observed objects and improve 
rectification accuracy and reliability of the data interpretation.
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2. 	Enhance	rice-fish	farming	or	system	in	the	existing	areas	and	expand	the	system	to	the	new	potential	
areas	in	MRC	Member	Countries. This rice-fish agricultural practice reduces the environmental impact 
of agricultural chemicals and increase rice productivity (FAO, 2019). Like the case study of Vietnam that 
rice-shrimp farming clearly demonstrated advantages in adapting to climate change, increasing farming 
income, and reducing fertilizer and pesticides usage.

3. 	Integrate	 alternative	 agriculture	 into	 national	 and	 regional	 development	 strategies	 to	 ensure	 the	
efforts	in	reducing	environmental	degradation. The interviewed farmers in Laos and Cambodia realize 
that sustainable farming methods are important and require more supports from their governments. 
Thai government also realizes on it and has promoted many projects to encourage farmers to change 
from traditional to organic farming and Good Agricultural Practice to reduce environmental impact from 
agricultural activity and increase food safety.

4. 	Promote	a	utilization	of	regional	technical	guidelines	on	fish-friendly	irrigation	schemes	into	national	
and	regional	agriculture	and	irrigation	development	strategies that this priority action is also proposed 
in Mekong Basin-Wide Fisheries Management and Development Strategy 2018-2022 (MRC(c), 2017).

5. 	Introduce	 drip	 irrigation/fertigation	 technology	 and	 study	 cost	 and	 benefits	 of	 the	 technology	 to	
agricultural	production	 improvement. The research in India found the drip irrigation can double rice 
production comparing to those from the traditional irrigation, reduce up to 50% of water use, and 
decrease greenhouse gas emission and heavy metal uptake (NATAFIM, 2018). However, before selecting 
any irrigation technique, farmers should understand the advantages and shortcomings of different 
irrigation approaches based on natural conditions of the areas, crop type, previous experiences, required 
labour inputs, costs and benefits (FAO, n.d.).
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1. Introduction
The Governments of the MRC Member Countries realized the importance of agriculture and water sectors to 
achieve poverty reduction and food security goals in each country. During the MRC’s Strategic Plan (SP) 2011–
2015, the Agriculture and Irrigation Programme (AIP) was formulated to address land and water use issues 
in the agriculture sector to promote basin development and played an important role in providing technical 
support in the area of agriculture and irrigation development. To move forward the sustainable development, 
causes and effects of agricultural land use change need to be analyzed to contribute recommendations to 
relevant stakeholders at regional, national and local levels and share lessons learned as well. The agricultural 
land use monitoring activity was initiated, introduced, and consulted with the Member Countries since last SP, 
however, due to some resource limitations, the pilot study has been executing in the current SP 2016-2020.

1.1. Rationale and background

Under the previous MRC Strategic Plan (2011–2015), Agricultural Land Use Monitoring (ALUM) was an 
activity implemented by the previous Agriculture and Irrigation Programme (AIP) of the MRC Secretariat to 
achieve the Outcome 1: Knowledge and information on the current status and trends of the agriculture and 
irrigation sectors. In collaboration with the previous Information and Knowledge Management Programme 
(IKMP), AIP had planned to implement the agricultural land use map of the entire Lower Mekong Basin (LMB), 
developing the project proposal and Term of Reference (TOR) of national working groups (NWGs). It organized 
the national consultation meetings on December 11th and 18th, 2014, January 26th, 2015, and February 4th, 
2015 in Viet Nam, Cambodia, Lao PDR, and Thailand, respectively, to allow the Member Countries (MCs) to 
discuss the approaches and methods, expected outputs, and activity work plan. Then, at the first regional 
consultation meeting organized on July 10th, 2015 in Vientiane, Lao PDR, the MCs agreed on the proposal 
and the TOR, but to reduce the scope of activity to a pilot area, which shall be a province or equivalent, in 
each country and to increase the budget at national level without an (or pluralize consultant) international 
consultant. Unfortunately, the activity could not be conducted due to some budget constraints. The MRC 
Secretariat issued a letter number MK-OSP 008/16 dated on January 27th, 2016 to the MCs declaring the 
postponement in the implementation of the activity until funds become available.

Under the current MRC Strategic Plan (2016–2020), ALUM has been moved under the Activity 1.7.1 
implemented by the Agriculture and Irrigation Sector (AI) of the Planning Division (PD). Resuming the activity, 
AI-PD arranged the second regional consultation meeting on 15th August 2017 in Bangkok, Thailand to 
present the amended work agreements/TOR of NWGs, the guidelines for data collection and focus group 
discussion, and the reporting template. Later, MCs confirmed the composition of NWGs, the selected pilot 
areas and case studies for the activity to the MRC Secretariat. After the Earmarked-fund from the Ministry 
of Agriculture, Forestry, and Fisheries of Japan is available, the work agreements/TOR were concluded, and 
the activity implementation was started March 2018. On 6th March 2018, AI-PD arranged a regional working 
group session for the NWGs to understand and discuss how to conduct land use change detection, field data 
collection, focus group discussion, prepare the national reports and deliverables. Then, the NWGs conducted 
agricultural land use mapping and change detection, field data collection, focus group discussion, and analysis 
of the driving forces and impacts of agricultural land use changes in the pilot areas. Before submitting the 
national reports, the national consultation meetings were organized in each country to present the results on 
agricultural land use changes in the pilot areas and their drivers and impacts on the local livelihoods. Lastly, 
the final regional working group session to finalize the pilot study was organized at Apsara Angkor Resort and 
Conference in Siem Reap, Cambodia on 10 May 2019 to provide an opportunity for the NWGs to present their 
results to other countries and open a floor for discussion among the MCs as well as to understand current 
status and trends of agriculture sector in each country and LMB.
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1.2. Objectives

This activity aims at studying land use changes, emphasized on agricultural land use, to understand status 
and trends of agricultural development in the lower Mekong region, their driving forces, and their impacts 
on environmental and social-economic aspects to local’s livelihood, and providing recommendations to the 
basin-wide assessment and basin development plan for policy makers. 

The specific objectives are as follows:

• Review and improve MRC land use/land cover (LULC) maps of 2003 and 2010 and reclassify the maps 
based on category of MRC LULC Map 2010 in the selected pilot areas;

• Produce detail agricultural land use maps in the selected pilot areas of the most updated year (between 
2014 and 2016) based on MRC LULC maps and/or auxiliary data and information that are available in each 
member country;

• Detect LULC changes in the selected pilot areas at the level of main LULC category, focusing on agricultural 
land use;

• Analyze driving forces of major agricultural land use changes in the selected pilot areas;

• Analyze impacts of land use changes to local people’s livelihood at household level for the case studies;

• Highlight significant land use changes in the selected pilot areas, their implications and provide 
recommendations on agricultural land use management for farmers, and local governments, land use 
planner, and policy makers as well.

1.3. Expect Output

The activity is expected to get following outputs:

1.3.1. Country deliverables and reports which consist of the following items;

• Improved maps and geospatial database of LULC in 2003 and 2010 based on MRC LULC maps and auxiliary 
data from MCs in the selected pilot areas;

• Maps and geospatial database of LULC in current year (2014 – 2016) based on countries’ data available 
and detail description of agricultural land use in the selected pilot areas;

• Maps and geospatial database of LULC changes and analysis of trends of major agricultural land use 
changes in the selected pilot areas; 

• Survey questionnaires of agricultural land use change, its driving forces, and its impacts to local people’s 
livelihood for the case studies with the survey database.

• Analysis national reports of the selected pilot areas and case studies to explain agricultural land use 
change, its driving forces and impacts of land use change to local people’s livelihood, lessons learned and 
recommendations for policy level at national and local in term of agricultural land use management and 
planning
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1.3.2. Regional synthesis report with inputs from country reports of four MCs, including: 

• Description of agricultural land use change, its driving forces, and the impact of land use change to local 
people’s livelihood

• Lessons learned to be shared for capacity building of line agencies of MCs

• Recommendations to relevant stakeholders at regional in term of agricultural land use management and 
land use planning as well.

1.4. Structure of report  

The report consists of 11 major parts and with the main content for each part as follows:

Part 1 introduces the rationale and background of the pilot study on agricultural land use monitoring, including 
its objectives, expected outputs, and structure of the final report. 

Part 2 is an overview the current situation, trends and plans of agricultural development in the MRC member 
countries in the Lower Mekong Basin.

Part 3 explains scope and focus of the pilot study, including a summary of each selected pilot area, case study, 
and the activity implementation process.

Part 4 introduces the methodology of project implementation, analysis, and processing of data, along with 
the mobile application for field data collection.

Part 5 is the main content of this report. This chapter summarizes the agricultural land use changes in each 
pilot area and case study based on the country reports, presents the general information, major driving forces 
of agricultural land use changes and its impacts to the local livelihoods.

Part 6 concludes the lessons learnt from this pilot study at both national and regional levels.

Part 7 reviews the technical and policy recommendations for future project improvement.

Part 8 describes potential plans and requirements for the future study of agricultural land use monitoring.

Part 9 proposes the actions for the upcoming MRC Basin Development Plan and Strategy based on the results 
and outputs of this pilot study.

Part 10 is all the references. 

Part 11 Annex to the final report, including the country reports, guideline for data collection and focus group 
discussion, introduction to the mobile application used in the project, and acknowledges and organizing 
personnel.
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2. Agriculture and Land Use in the Lower Mekong Basin 

2.1. Overview the agricultural land use situation

Agriculture is a very important sector within the Lower Mekong Basin (LMB). Farming is the primary occupation 
of the rural areas within the LMB in each country. Between 2011 and 2014, the numbers of farmers engaged 
in farming have increased in Cambodia, Thailand and Viet Nam was increasing by on average 9% to 6.9 million, 
whereas the total number of farmers in Lao PDR appeared to decline from 238,000 to a little over 150,000. 
However, the most important secondary occupation is farm labor, again reflected in all four countries, which 
had apparently increased by 485% between 2011 and 2014 to 18.6 million. Both primary and secondary 
important occupations confirm the importance of agricultural sector to generate household income (MRC, 
2010).

During the past decade, agricultural land has been changed with some following trends;

(i) Expanding agricultural area: Some areas have become cultivation land from bush forest after land clearing 
for agriculture and improving agriculture facilities especially irrigation development;

(ii) Crops and crop pattern have been changed due to the improvement of irrigation, technology and market 
orientation: Farmers have changed crops and crop pattern, for example, in some rice areas, one annual 
rice crop is changed to two rice crops per year because of the irrigation development; 

(iii) Land degradation: In some area, agriculture land is degraded so that crop cultivation is not effective; 
therefore, the farmers let these lands to be fallow; 

(iv) Agricultural land has been changed into other use purpose depending on social-economic development. 
For example, these kinds of land would be for hydropower projects, industrial zone, resident’s area and 
transportation etc. 

Agriculture is the dominant water-related sector, particularly in Thailand and Vietnam whereas agriculture 
in Cambodia and Lao PDR is currently less intensively developed. In the whole LMB, the dry season irrigated 
area of about 1.2 million hectares is less than 10% of total agriculture area. The expansion of irrigation is 
limited by the availability of dry season water flow and investment capacity. Irrigation is the largest water 
user in the Lower Mekong Basin (LMB) using 12% of the average annual flow. All the countries of the Basin 
have policies and plans to expand irrigation areas to increase rice production and exports, diversify food 
production, respond to food security needs and address rural poverty. 

Rice dominates crop production in LMB countries, particularly in the lowland areas, with a total of over 23.1 
million hectares (ha) being cultivated in 2010. Between 1990 and 2010, the overall area of rice increased by 
33%. In the same period rice production has more than doubled from 40.4 million tons to 86.4 million tons. 
With regard to irrigated rice yields, there was a very substantial increase in overall productivity from 2.33 tons/
hectare in 1990 to 3.74 tons/hectare in 2010 (i.e. 60% increase). In 2010, irrigated rice yields ranged from 
2.94 tons/hectare in Thailand to 5.34 tons/hectare in Viet Nam. For the rice cultivation in the LMB, a variety 
of irrigation systems are employed, and a number of variations exist within the region.  Gravity irrigation 
with open channel networks is the typical irrigation system for most public schemes.  Modernization has also 
transformed and upgraded some gravity schemes served by pressurized pipeline systems. Beside the large 
public schemes, the small-scale irrigation is practiced all over the LMB. The combination of farm pond with 
mobile pump is widely used by those smallholders practicing subsistence agriculture.

In Cambodia, rice production has slowly increased in both area and yield since the early 1990s due to ongoing 
post-war rehabilitation and infrastructure reconstruction. Between 2007 and 2014, rice production increased 
from 2.6 tons/ha to 3.1 tons/ha in 2014 or approximately by 2.2 % per year on average because the Ministry 
of Agriculture, Forestry, and Fishery (MAFF) of Cambodia has provided agricultural extension to individual 
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farmers through policies, improving varieties and seed quality, and enhancing production methods and 
cropping techniques. In Lao	PDR, rice is also a dominant crop, grown during the wet season in lowlands in the 
central and south regions and southern uplands (MRC(a), 2017). Between 1985 and 2013, the rain-fed rice 
production in Lao PDR notably increased from 1 million tons to almost 2.7 million tons. For Thailand, most 
areas in the LMB are covered by paddy fields; around 80 percent in the northeastern region. The three main 
rice cropping systems are: lower paddy land – planted annually with rice in the wet season and faces risk of 
flooding and temporary waterlogging; middle paddy land – the most productive, with better water control 
and reduced flood risk; and upper paddy land – planted (if at all) to drought-resistant, short-duration rice 
varieties. However, due to the impacts of climate on the fluctuation and extremities of flood and drought, the 
Thai Government has policies on reducing paddy area and introducing other economic crops more suitable 
to the soil and consume less water (Royal Irrigation Department, 2015). In Viet	Nam, the Mekong Delta is a 
major rice cultivation area. Around 60 percent of the rice grown in the Viet Nam Delta is irrigated and yields 
are considerably higher than in the other countries. In recent years, the Viet Nam Mekong Delta has annually 
produced around 20 million tons of rice mainly oriented for export (SIWRP, 2015).

In uplands or highlands of all the Member Countries, farmers in the past, especially ethnic minorities, 
practiced shifting cultivation. However, the agricultural practice has recently changed to increase annual and 
perennial economic/industrial crops, such as upland rice, maize, potato, cassava, sugarcane, Para-rubber, 
coffee, tea, cashew, and mulberry, etc. (IWRP, 2015; Department of Irrigation, 2017). The expansion in terms 
of agricultural areas of the LMB will remain constant or decrease due to conservation and sustainability 
policies in all the countries, even though much of the land in the central highlands of Viet Nam, many of 
the provinces in Lao PDR and parts of Thailand and Cambodia are mountainous and remain uncleared. The 
National Governments tend to promote new technologies that can increase agricultural yields; for example, 
seedling technology, resistant crop varieties, or modern practices. Agriculture will continue to be a major 
export earner and supplier of domestic food needs across the region. However, its contribution to the basin’s 
economy will continuously decline due to the growth of commercial and industrial agricultural enterprises 
(MRC, State of the Basin Report, 2010; MRC, Basin Development Strategy, 2016)

2.2. Development trends and plans

The national expert groups had collected data and information and reviewed countries’ development plan 
and policies to support and contribute in the Study on “Sustainable Management and Development of the 
Mekong River including Impacts of Mainstream Hydropower Projects” or the “Council Study”, which the four 
Member Countries’ Prime Ministers agreed in conducting the study at the 3rd Mekong-Japan Summit in 
Bali, Indonesia in November 2011 (MRC, 2019). The expert groups reviewed and reported on the important 
development plans and policies related to agricultural development in each country summarized as follow.

Cambodia

Priority programmes of Agricultural Development of Cambodia are to enhance agriculture productivity 
and diversification and increase market access for agricultural products. For rain-fed agriculture, among 
the four-main annual crop production in Cambodia, cassava and maize cover an area of 71% of the total 
production area in 2009 and 2010. The area of these two crops was increased to 81% in 2011 and 2012 while 
in 2013 the area for these two crops continue to increase to 83% of the total land area of the four main 
crop productions. It seems that farmers are happy with practicing rainfed agriculture (the case of cassava 
and maize) because its production area has been increased every year. Farmer has changed from subsistent 
agriculture to commercialize agriculture. Like the case of cassava, farmer traditionally cultivate around their 
house. However, currently the practice has changed to larger scale. Large scale of cassava or maize production 
that invested by Economic Land Concession Company provided job to local community and built up road 
network for company utilization in the area in which this road can be utilized by local community to some 
extends. The projection based on the National Development Plan from the Council Study shows that the 
agricultural areas in Cambodia were projected to 6.07 million Ha in 2040.
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Lao PDR

The area for rice expansion is to support the target of rice production to be 5 million ton in 2020 for the 
food security as well as the export to other countries. The two major economic crops, which are Sugarcane 
(mainly in Savannakhet Province) and Para-rubber, have an increasing trend in Lao PDR that affects to damage 
of forest, wetland, biodiversity, and local livelihoods in some areas. The projection based on the National 
Development Plan from the Council Study shows that the agricultural areas in Lao PDR were projected to 2.15 
million Ha in 2040.

Thailand

Agricultural management zoning policy and sustainable natural resource and forest management policy are 
key driving force of the agricultural land use change in Thailand. Agricultural management zoning policy 
aims to convert unsuitable farmland especially paddy field to other alternative crops that benefits more land 
productivity and farm income. As result of the land suitability analysis, it shows a decrease of paddy fields, but 
an increase of sugarcane, cassava, maize, and para-rubber plantation instead. However, due to several factors 
such as limited lands for agricultural area expansion, national policy to increase/conserve/rehabilitate forest 
areas, and numbers of labour moving from agriculture sector to industrial sector, the numbers of agricultural 
land in Thailand were estimated to be constant to a slight decrease from 13.48 million Ha in 2007 to 13.39 
million Ha in 2040.

Viet Nam

The overall objective of the Agriculture sector is to develop a comprehensive and sustainable system and to 
optimally utilize the potential. Generate a greater production characterized by a high productivity, quality, 
efficiency and competitiveness. Irrigation development is foreseen in the Mekong Delta and Central highland 
areas to address the questions of the sustainable water management for land conservation.

Development trends in Mekong Delta Area are; 

• Agricultural area is subject to climate change effects and urbanization growth.

• The future plans only foresee a slight decrease of the irrigation development that would decrease 
agriculture areas to 2.32 million Ha in 2040.

• Farmers will switch paddy fields to aquaculture (shrimp) to overcome the climate change effects and seek 
for higher income

Development trends in Central Highland Area are: 

• The main objective for the development of the area is to minimize the transfer of agricultural land into 
unsustainable land cultivation systems.

• It is foreseen to prioritize the expansion of rubber and coffee plantations and the development of land 
with annual crops in upland fields with irrigation.

• The development of irrigation is targeted to improve rice cultivation areas and address the transfer of 
water service. Irrigation development will be prioritized to the precarious areas and turn them to cropland 
and other crops with a high economic efficiency.

The projection based on the National Development Plan from the Council Study shows that the agricultural 
areas in Vietnam will be slightly increase from 2.06 million Ha in 2007 to 3.75 million Ha in 2040. The slightly 
increase of agriculture areas is mainly from the expansion of perennial crops (e.g. rubber and coffee plantation) 
in the Central Highland.
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3. Scope and Focus
This pilot study is to provide mapping and change detection of agricultural land use and to identify its major 
driving forces in the selected areas in each Member Country. It also focuses on the impacts of agricultural 
land use change on the local livelihoods by examining one to two cases in each pilot area.

3.1. Pilot area

Each country selected a pilot area of interest, therefore, there are four pilot areas in total in this study. Covering 
an area that equal to a province or around 0.5 – 1.0 million hectares, each pilot area must have enough data 
and information for studying LULC changes over period of time and analyzing their driving forces and impacts 
to local livelihoods, significant historical agricultural land use changes, and socio-economic condition highly 
depended on agriculture. It is recommended that its location is adjacent to the Mekong river.

Cambodia – Kampong Cham Province

Kampong Cham province is located in the Eastern region of Cambodia and adjacent to the Mekong river in the 
west, covering an area of approximately 454,902 hectares. It is around 121 kilometers away from the capital 
city, Phnom Penh, in the northeast. It is one of the biggest provinces with regard to population, which mostly 
work in agricultural sector, and has a long history of agricultural practices.

Lao PDR – Bokeo Province

Bokeo province is located in the Northern region of Lao PDR, bordering Thailand to the southwest and 
Myanmar to the northwest and west and covering an area of approximately 697,547 hectares. The province 
has 34 ethnic groups that is ranked as the second ethnic diversity in the country. Its economy is dominated by 
the Golden Triangle Economic Zone and its major economic activity is commercial mining for luxurious stones 
and gold. The province is also the major maize shifting cultivation areas in Laos. Recently, the areas have been 
obviously changed from shifting to industrial plantation (e.g. Para-rubber and banana) due to the business 
with foreign investors.

Thailand – Bueng Kan Province

Bueng Kan province is located in the Northeastern region of Thailand, covering an area of approximately 
430,575 hectares. It is adjacent to the Mekong river and shared border with Lao PDR in the north and 
northeast. Most population are living in the municipal areas and around 70 percent of the population mainly 
relies on agricultural, hunting and forestry sectors. Para-rubber, rice, pineapple, cassava, vegetables and oil 
palm are the major economic crops of the province. Since 2011, farmers in Bueng Kan province have been 
converted their rice fields to Para-rubber plantations due to higher income and the government’s policy to 
expand Para-rubber plantation areas.

Viet Nam – Kien Giang Province

Kien Giang province is a coastal province located in the western part of the Mekong Delta, sharing a border 
with Cambodia in the north and covering an area of approximately 634,000 hectares, which around 90 percent 
of the total land areas is covered by agricultural lands. Agricultural sector plays an important role in the socio-
economic development of the province with 35 percent of the GDP of the province comes from agriculture, 
forestry and fishery activities. The province is one of the most vulnerable costal provinces to climate change 
and sea level rise that has affected to agricultural production and income of the local people.
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Figure 2 Selected pilot area in each country 
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3.2 Case study 

In addition to obtain further deeply information of the driving forces of agricultural land use change 
and its impacts on the local livelihoods, the national expert teams carried primary data collection by 
using semi-structure interview and focus group discussion for one or two case studies in each pilot 
area. The case studies were recommended to be representatives of major agricultural land use change 
of each country. 

3.2.1 Case study in Cambodia 

The Cambodian expert team selected two case studies, which are the changes from natural and semi-
natural vegetated areas to 1) perennial plantation and 2) urban area. The team reviewed the statistical 
data of LULC change during 2002 – 2010 and found that these two groups were in neighboring areas 
and dominant changes in Kampong Cham province. 

3.2.2 Case study in Lao PDR 

The Laos expert team selected two case studies, which are 1) a change from upland rice (shifting 
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3.2. Case study

In addition to obtain further deeply information of the driving forces of agricultural land use change and its 
impacts on the local livelihoods, the national expert teams carried primary data collection by using semi-
structure interview and focus group discussion for one or two case studies in each pilot area. The case studies 
were recommended to be representatives of major agricultural land use change of each country.

3.2.1. Case study in Cambodia

The Cambodian expert team selected two case studies, which are the changes from natural and semi-natural 
vegetated areas to 1) perennial plantation and 2) urban area. The team reviewed the statistical data of LULC 
change during 2002 – 2010 and found that these two groups were in neighboring areas and dominant changes 
in Kampong Cham province.
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3.2.2. Case study in Lao PDR

The Laos expert team selected two case studies, which are 1) a change from upland rice (shifting cultivation) 
to Para-rubber plantation, and 2) a change from upland rice and Para-rubber to banana plantations. In the 
past upland rice shifting cultivation is a traditional cultivation in highland of Laos, however, it cannot offer 
high crop production to famers. Therefore, they moved to grow economic crops such as maize, rubber, and 
banana. In addition, the team chose to study the increase of Para-rubber and banana plantations because 
these two crops are recently major influences of the economic and socio-cultural condition in Bokeo province.

3.2.3. Case study in Thailand

The Thai expert team chose the change from paddy rice to Para-rubber plantation as a case study in Bueng 
Kan province, which is the largest province in the northeastern Thailand planted Para-rubber. Previously rice 
cultivation in the most popular agricultural activity in the northeastern region, however, after 2003 when Thai 
government had a policy to expand areas of Para-rubber plantation around 160,000 hectares and provided 
some subsidies to support this change, many farmers, who previously cultivated rice and other annual crops, 
decided to switch their lands for the rubber plantation. 

3.2.4. Case study in Viet Nam

The Vietnamese expert team chose the change from paddy rice to rice shrimp farming as a case study in 
Kien Giang province due to data and information founded from their literature reviews. The team refers to 
the report of Asian Management and Development Institute (AMDI) that the 2-rice cropping areas increase 
double during 2005 – 2015 in Mekong Delta. Moreover, most of the changes occurred in Kien Giang province, 
particularly in An Bien district.

10 

however, it cannot offer high crop production to famers. Therefore, they moved to grow economic 
crops such as maize, rubber, and banana. In addition, the team chose to study the increase of Para-
rubber and banana plantations because these two crops are recently major influences of the economic 
and socio-cultural condition in Bokeo province. 

3.2.3 Case study in Thailand 

The Thai expert team chose the change from paddy rice to Para-rubber plantation as a case study in 
Bueng Kan province, which is the largest province in the northeastern Thailand planted Para-rubber. 
Previously rice cultivation in the most popular agricultural activity in the northeastern region, 
however, after 2003 when Thai government had a policy to expand areas of Para-rubber plantation 
around 160,000 hectares and provided some subsidies to support this change, many farmers, who 
previously cultivated rice and other annual crops, decided to switch their lands for the rubber 
plantation.  

3.2.4 Case study in Viet Nam 

The Vietnamese expert team chose the change from paddy rice to rice shrimp farming as a case study 
in Kien Giang province due to data and information founded from their literature reviews. The team 
refers to the report of Asian Management and Development Institute (AMDI) that the 2-rice cropping 
areas increase double during 2005 – 2015 in Mekong Delta. Moreover, most of the changes occurred 
in Kien Giang province, particularly in An Bien district. 

 

 
Figure 3 Case studies for agricultural land use monitoring in each pilot area 

 

 

 

 

 

 

 

Figure 3 Case studies for agricultural land use monitoring in each pilot area



17

3.3. Implementation arrangement

At	Regional	Level

3.3.1. Planning Division of MRCS

• Oversee and manage the project implementation to ensure that the national working groups are aware 
of the project goals, workplan and timelines

• Facilitate and organize the regional meetings/workshops

• Provide technical guidance and support to the national working groups in all related matter to ensure 
meeting expected outputs of this project

• Prepare guideline and form/questionnaire for field survey in coordination with the national working 
groups and the specialist from the Technical Support Division

• Continuously review and provide comments on every national working groups’ results and reports

• Analyze and document the agricultural land use change and driving forces in whole LMB and in the pilot 
areas, and the impacts of agricultural land use changes on local people’s livelihood at regional level

• Prepare a regional report

3.3.2. Technical Support Division of MRCS

•  Provide guidance and support to national working groups in all technical issues related to geospatial 
database and GIS techniques, field survey database preparation and management in the selected platform

•  Prepare guideline for land use/land cover mapping and spatial data generation, and change detection

•  Prepare MRC LULC maps/geodatabase for the national working groups

•  Attend and contribute at the regional meetings/workshops

•  Provide comments on the mobile application development for field data collection

At	National	Level

3.3.3. National Mekong Committees

• Coordinate between national line agencies and MRCS

• Organize national consultation meeting(s) as required

• Take necessary measures to monitor and facilitate relevant line agencies to complete their tasks and 
outputs submission in a timely fashion

3.3.4. Line agencies of Member Countries (National Working Groups)

•  Attend and contribute discussion at the national and regional consultation meetings/workshops

•  Select pilot areas and conduct case studies base on selection criteria and guideline given by MRCS regional 
team

•  Review IKMP MRC land cover maps and other available literatures

•  Collect secondary data and information, and available land use maps in MCs with focus on agricultural 
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purpose in pilot area at country level 

•  Improve general land use/land cover maps in 2003 and 2010 and produce agricultural land use maps in 
current period (2014–2016), and land use change maps from the available secondary and/or participatory 
mapping

•  Identify and analyze driving forces of land use change in the pilot areas

•  Analysis of the impact of land use change to people’s livelihood in case studies

•  Provide draft version and final version of the country reports including agricultural land use changes, their 
driving forces and the impacts of land use changes to people’s livelihood.



19



FINAL REPORT | Agricultural Land Use Monitoring 
(Pilot Study in the Selected Areas in each Member Country)

20



21

4. Approach and Methods



FINAL REPORT | Agricultural Land Use Monitoring 
(Pilot Study in the Selected Areas in each Member Country)

22

4. Approach and Methods
Both secondary and primary data of agricultural land use change, planning and policy, national strategy and 
statistics, maps and satellite images were gathered. The national expert teams generated the land use/land 
cover maps of different years during 2003 – 2016 based on the data availability and executed land use change 
detection analysis to understand historical, current status, and trends of land use/land cover changes in each 
pilot area. The case studies were selected from the major agricultural land use changes for further analysis of 
their major drives and impacts of LULC change by using semi-structure interview and focus group discussion 
as tools. MRCS provided the national experts the “Guidelines for data collection and focus group discussion”, 
which includes selection criteria, land use/land cover reclassification and standardization, data structure, 
change detection concept, field survey questionnaire and samples, and focus group discussion direction, in 
Annex	V.

4.1. Data collection

4.1.1. Primary and secondary data collection

The MRC Secretariat, collaborating between Agriculture and Irrigation Sector of Planning Division (PD) and 
Technical Support Division (TD), provides LULC maps 2003 and 2010 of each selected pilot area that were 
produced under MRC Land Cover Mapping Projects of previous Information Knowledge and Management 
Programme (IKMP) to the national expert team. The expert teams reviewed the provided LULC maps as well 
as gathered existing LULC maps, data and information on land use for improving of the LULC maps of 2003 
and 2010 and generating the most recent LULC maps (during 2014 – 2016) with agricultural land use details. 
However, depending on availability and reliable data in each country, the teams considered to apply the 
closet years of maps to the specified years for change detection and analysis.

In addition, the expert teams collected auxiliary data and information from national institutions and 
organizations to support their analysis and interpretation of the land use change and its driving forces and 
impacts to the local livelihoods as well as their recommendations at policy level. The sources of collected are 
listed in Table 1.
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Table	1	List	of	used	data	and	data	sources	by	country

Data Organization/Project
M

RC
S

LMB land cover map 2003 The project to update maps of land cover 
and wetlands across the LMB (IKMP, MRC in 
cooperation with FAO)

LMB land cover map 2010 The project to update the land cover map of the 
LMB (MRCS, NMCs and national LAs) 
http://portal.mrcmekong.org/land_des

Ca
m

bo
di

a

Province boundary1 Ministry of Interior

Census and socio tabular data set National Institute of Statistics of Cambodia (NIS): 
Project on Cambodia Intercensal Population 
Survey of Cambodia 2013

Digital Land use/land cover maps 2002 Agricultural Zoning Office (AZO), GDA: 
Recognizant Survey Project supported by JICA/
PASCO

Satellite Imagery 1996 – 2002 Landsat TM, SPOT 4, 5

Topographic map 2002 (1:100,000) JICA

High resolution imagery 2010 USGS

La
o 

PD
R

National strategy of agriculture and forestry 2001 
to 2020, Agriculture and forestry strategy of Bokeo 
province

Provincial Department of Agriculture and Forestry

Agriculture land use data of year 2005, 2010 and 
2015

DOF

Satellite Images LANDSAT (2000), SPOT (2005), ALOS/PALSAR 
(2006-2010), ALOS/Pansharpened (2010), 
RapidEye (2010)

Th
ai

la
nd

Climate, soil, water and forest resources, national 
land use/land cover database, maps and documents 
on land use planning, statistic of agriculture area, 
land use policy, and other basic infrastructure 
information

LDD

Topographic map and administrative boundaries Department of Provincial Administration

Cluster maps Department of Provincial Administration

Agricultural Development Plan of Bueng Kan 
province, social and economic data

Economic section of LDD, Department of Internal 
Trade, Office of Agricultural Economics

 The NWG selected the districts that was designated the boundary for the new Kampong Cham province.
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Data Organization/Project
Vi

et
 N

am

Land use type, land use planning, policy of land use 
changes

An Bien Division of Natural Resources and 
Environment

Policy of land use changes and agricultural land use 
types

An Bien Division of Agriculture and Rural 
Development

Statistical Yearbook at An Bien district An Bien Statistical Office

Land use changes at the communal level: data and 
spatial distribution

People Committee at the communal level

Land use type, land use planning, policy of land use 
changes

Kien Giang Department of Natural Resources and 
Environment

Policy of land use changes and agricultural land use 
types

Kien Giang Department of Agriculture and Rural 
Development

Road system in Kien Giang province and An Bien 
district

Kien Giang Department of Transportation

Statistical Yearbook in Kien Giang province Kien Giang Statistical Office

Data for water control system (canals, dykes, 
culverts, etc.)

South Institute of Water Resources Planning

Land suitability evaluation in Kien Giang district, Net 
value benefit of agricultural land use types, Plans of 
land use, agricultural land use in Kien Giang province 
and An Bien district, Maps of agricultural land use in 
2005, 2010 and 2015 in Kien Giang province

Sub-NIAPP

4.1.2. Field survey/Interview

Semi-structure questionnaire was used as a tool to interview local people at household level for identifying 
the process of land use change, status of each household before/after the change, economic, social, and 
environmental status of the areas. At least 50 samples were agreed to conduct for the interview in each 
country, however, the national experts reviewed all collected samples and removed some data errors and 
noises before using for further analysis. The samples were allocated due to change detection analysis and 
dominant zones of the selected case studies. The number of samples and its allocation methods were slightly 
different in each pilot area due to specific conditions and difficulty of field accessibility in each country 
in ANNEX	 I-IV. There are 48, 100, 254, 50 cases interviewed in the selected pilot areas in Cambodia, Lao 
PDR, Thailand, and Vietnam, respectively. The questionnaire with its explanation, samples of questions, 
and sampling methods were described in more details in the Guideline for data collection and focus group 
discussion.

4.1.3. Focus group discussion

Focus group discussion was as another method to confirm the results retrieved from field interview. The 
national experts organized one or more small group discussion, which included 5 – 10 members of the 
interviewed farmers, senior farmer representatives, and local government officers, to present their results 
from the interview and discuss with the groups why the communities decide to change their previous to 
current type of cultivation, how the changes affect to their living in the aspects of economic, social and 
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environment, and what their recommendations and suggestions are to the government policy to support 
better agricultural practices and livelihoods. The instruction of focus group discussion can be founded in the 
Guideline for data collection and focus group discussion.

4.2. Data analysis 

4.2.1. Land use/land cover mapping

The national expert teams reviewed MRC LULC maps of 2003 and 2010 in a GIS Shapefile format and utilized 
the existing national geospatial datasets to improve MRC LULC maps and provide the updated LULC maps 
of 2015 in case data available. The national datasets were generated by applying automated-analysis (e.g. 
segmentation and supervised classification), visual interpretation, accuracy assessment and correction with 
field survey data and high-resolution images. The expert team then reclassified the improved and updated 
maps according to the FAO LCCS standard for MRC LULC maps of 2010, producing the LULC datasets and their 
Metadata to follow the agreed data structure and format. The FAO LCCS classification and its explanation, 
data structure and format are revealed in the Guideline for data collection and focus group discussion.

4.2.2. Change detection

Change detection is a common technique used for monitoring land use and land cover changes over a period 
of time, utilizing multi-temporal dataset. The remote sensing and GIS are also applied as basic approaches 
for better understanding the spatial distribution of phenomenon. Concept and different change detection 
algorithms were explained in the Guideline for data collection and focus group discussion. In this study, the 
national expert teams applied the post-classification technique by overlaying two GIS layers of LULC classified 
maps of different dates and calculating areas of change. This technique allows the experts to quantitatively 
understand the change dynamics in each category.

4.2.3. Driving forces and impacts of LULC changes analysis

The national expert teams quantified all data collected from the interview, then categorized and summarized 
those data with support information from literatures and focus group discussion. Both quantitative and 
qualitative data were analyzed and interpreted. The experts also used their knowledge and expertise to 
synthesize and group all information and identify the major driving forces and impacts of the LULC changes 
in their selected study areas.

4.3. Mobile application for field data collection

During the Regional Working Session on 6 March 2018 in Hanoi, Viet Nam, the Member Countries requested 
the Secretariat to create a mobile application for field data collection in order to advance and pilot method 
used for data collection. Moreover, the goal of this application development is to encourage the paperless 
policy and improve database management, which can be benefit to other MRC projects involved field survey 
in future.

The Mobile Application, based on the MRC field survey questionnaire and its detailed explanation, was built 
on easy and user-friendly platform, supporting online and offline Android-based smartphone and tablet. It 
automatically has a data synchronization function between online and offline data collection and location 
tracking system. The data collected in field were directly delivered a cloud server and linked to the website 
administrative page. The web admin page provides functions, at different security levels including admin and 
supervisor. The web admin, which is MRCS, can access to the page to customized and modified functions of 
the survey template and reports. The page also provides a function to review data and reporting template in 
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form of table, graph, and chart by the page admin for all countries and the country supervisors/team leaders for each country. More details of the Mobile Application 
are presented in Annex	VI.
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5. Result of the study
This chapter summarizes the results of the land use/land cover and its changes in each pilot area in different 
years. It also reviews the key findings of the case studies, including general information of the case study (e.g. 
gender, age, educational status, etc.) and basic information of agricultural land use (e.g. crop type, irrigation 
status, crop production and yield, market, etc.). The major driving forces of the agricultural land use, its 
impacts on the local livelihoods, and adaptation measures/practices are summarized and synthesized from 
the results of interview, focus group discussion, and analysis of the national experts. More details of the 
results in each pilot area are explained in the Country Reports in ANNEX	I-IV.

5.1. Summary results of agricultural land use changes in each pilot area

This section describes the key findings of LULC changes in each pilot area and summarizes results from the 
national reports. Due to different data available in each country, each national team provided some unique 
classes, which are meaningful for their analysis, and different clarifications of their LULC changes in pilot 
areas that mainly focusing on the cases of interest. Therefore, the in-dept explanations, including confusion 
matrices, tables of change detection, and areas of specific crops under each FAO LCCS Single Class can be 
found in Table 2. Area and percentage of each land use/land cover category in different years in each pilot 
area are presented in Table 3.

Pilot	area	in	Cambodia:	Kampong Cham Province

Kampong Cham province is mainly covered paddy fields (more than 40% of the total areas) and annual crop 
(e.g. maize, cassava). Comparing between 2002 and 2010, we observe that in the past, natural & semi-natural 
areas, including grassland, shrubland, bare soil, broadleaved deciduous forest, bamboo forest, and swamp 
area, were remained approximately 163,800 hectares or 36% of the total area. However, in 2010, those areas 
were mostly disappeared with the significant increase of agricultural lands (incl. paddy rice, orchard, and 
industrial plantation) about 136,500 hectares or 30% of the total area, and urban area about 36,400 hectare 
or 8% of the total. Some annual crop areas were converted to other economic crops. In brief, the major land 
use/land cover changes in Kampong Cham province are the conversion of natural & semi-natural areas to 
agricultural lands, which was selected as a case study for interviewing farmers in the area.

Pilot	area	Lao	PDR:	Bokeo Province

Bokeo province is dominated by natural resources areas, including broadleaved deciduous forest, shrublands, 
and broadleaved evergreen forest, which cover about 594,000 hectares or 85% of the total provincial area. 
Major agricultural lands are used for annual crops, paddy rice and shifting cultivation, which cover about 
30,600 hectares or 13% of the total area. The result from LULC change detection shows that some small 
decrease of broadleaved deciduous forest mainly to shrublands and annual crops. The major agricultural land 
use change was the conversion of shifting cultivation, including upland rice and maize to annual crop, which 
is banana due to high investment in the Bokeo and other provinces in the northern Laos by Chinese investors 
recently.

Pilot	area	in	Thailand:	Bueng Kan Province

Bueng Kan province is mainly covered by agricultural lands, especially paddy rice (about 108,300 hectares 
or 27% of the total provincial area) and industrial plantation (about 200,300 hectares or 50% of the total 
provincial area). During 2006 – 2015, The Para-rubber plantation areas were mainly increased from about 
60,500 hectares of paddy rice, 21,400 hectares of deciduous forest, and 14,600 hectares of annual crops (e.g. 
cassava and maize). The farmers in Bueng Kan province had continuously converted their paddy fields to Para-
rubber plantations due to the higher production price and government support.
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Pilot	area	in	Viet	Nam:	Kien Giang Province

Kien Giang province is dominated by agricultural areas, approximately 450,00 hectares or almost 80% of the 
total provincial area, which are mainly paddy rice, rice-shrimp farming and orchards (e.g. coconut, pineapples, 
peppers, mangosteen, mango, Etc.). The farmers in Kien Giang province have changed their farming model 
from two crop cultivation of winter-spring (October – January), summer-autumn (June - September), to an 
integrated paddy fields and rice-shrimp farming rotation. In the paddy shrimp farming, there has been an 
annually slight adjustment in the calendar based on annual rainy season: shrimp are raised during the dry 
season (January to early August) and rice is grown in the rainy season (August to December).  The reason 
that made them change their farming model is due to salinity intrusion affected by sea water level rice from 
climate change. Some farmers have to adapt their farming practices according to land suitability.
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Figure 7 Major LULC change in Bueng Kan Province between 2006, 2010, and 2015 

 
Figure 8 Major LULC change in Kien Giang Province between 2005, 2010, and 2015 
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Table	2:	LCCS	3	Classification

Map Code Label LCCS3 Single Class

4 AC Annual Crop

5 PR Paddy Rice

5a2  Paddy-shrimp farming

6 SC Shifting Cultivation

7 Or Orchard

8 FF Flooded Forest

9 GR Grassland

10 SH Shrubland

11 UA Urban Area

12 BS Bare Soil

13 IP Industrial Plantation

14 BD Broadleaved Deciduous Forest

15 BE Broadleaved Evergreen Forest

16 FP Forest Plantation

17 BaF Bamboo Forest

18 CoF Coniferous Forest

19 Mn Mangrove

20 M/S Marsh/Swamp Area

21 AQ Aquaculture

23 WA Water Body

Oth3 Other lands

2  Specific type of agricultural land use in Viet Nam
3  This class is identified areas that could not differentiated in Laos due the mixture of spectral reflectance
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Table	3	Areas	of	land	use/land	cover	in	each	pilot	area
Pilot Area Kampong Cham Province Bokeo Province Bueng Kan Province Kien Giang Province

Map 
Code Label 2002 2010 2005 2010 2015 2006 2010 2015 2005 2010 2015

Area 
(ha) % Area 

(ha) % Area 
(ha) % Area 

(ha) % Area 
(ha) % Area 

(ha) % Area 
(ha) % Area 

(ha) % Area 
(ha) % Area 

(ha) % Area 
(ha) %

4 AC 67,676 14.9 35,895 7.9 49,756 7.1 57,312 8.2 58,6314 8.4 18,834 4.7 2,526 0.6 1,814 0.5 6,088 1.1 4,782 0.8 4,631 0.8

5 PR 184,853 40.6 199,840 43.9 24,941 3.6 23,433 3.4 23,446 3.4 160,792 40.4 124,949 31.4 108,285 27.2 362,366 63.9 323,894 56.8 311,135 54.6

5a                    67,323 11.8 85,576 15.0

6 SC 7,289 1.6   8,817 1.3 26,899 3.9 9,605 1.4             

7 Or 80 0.02 89,471 19.7       1,754 0.4 533 0.1 441 0.1 54,967 9.7 47,048 8.3 45,966 8.1

8 FF 14,904 3.3               56,720 10.0 39,858 7.0 35,826 6.3

9 GR 61,418 13.5   750 0.1 750 0.1 753 0.1 215 0.1 4,413 1.1 2,849 0.7       

10 SH 21,649 4.8 13,614 3.0 185,762 26.6 167,034 23.9 186,091 26.7 20,588 5.2 19,491 4.9 15,782 4.0       

11 UA 2,977 0.7 39,413 8.7 2,481 0.4 2,584 0.4 2,603 0.4 11,993 3.0 16,538 4.2 16,780 4.2 25,196 4.4 26,292 4.6 27,158 4.8

12 BS 30,740 6.8 1,337 0.3 472 0.1 470 0.1 470 0.1 79 0.02 93 0.02 121 0.03 2,376 0.4 3,873 0.7 3,736 0.7

13 IP 2,859 0.6 34,422 7.6       117,630 29.6 176,220 44.3 200,289 50.3       

14 BD 20,131 4.4   308,216 44.2 302,852 43.4 299,890 43.0             

15 BE   264 0.1 107,863 15.5 107,676 15.4 107,284 15.4 35,239 8.9 24,771 6.2 23,968 6.0 1,911 0.3 1,889 0.3 1,889 0.3

16 FP       6 0.001 187 0.03             

17 BaF 14,892 3.3   216 0.03 237 0.03 230 0.03 1 0.0003 281 0.07 248 0.06       

18 CoF                       

19 Mn                 5,332 0.9 5,343 0.9 5,430 1.0

20 M/S 189 0.04         10,924 2.7 5,037 1.3 4,226 1.1 19,679 3.5 21,027 3.7 21,745 3.8

21 AQ           189 0.05 204 0.1 215 0.1 30,819 5.4 27,219 4.8 24,961 4.4

23 WA 25,240 5.5 40,690 8.9 8,050 1.2 8,054 1.2 8,057 1.2 19,788 5.0 22,970 5.8 23,008 5.8 1,255 0.2 1,277 0.2 1,277 0.2

  Oth     223 0.03 237 0.03 299 0.04             

  Total 454,897 100 454,946 100 697,547 100 697,544 100 697,546 100 398,026 100 398,026 100 398,026 100 566,709 100 569,8255 100 569,3306 100

4  Banana was categorized in annual crop class in Lao PDR.
5  Area increases as a result of expanding of mudflat area.
6  Area changes as a result of modifying map data.
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5.2. General information of the case study

In total, 552 interviews were conducted, including 46 Cambodians, 100 Laotians, 354 Thais, and 50 Vietnamese. 

Key findings

•  The results show that about 90 percent of heads of the households and about 70 percent of the 
respondents/interviewees are male. Approximately 70 percent of the respondents are heads of the 
households and about 60 percent of the respondents are over the age of 50. From this result, it can be 
observed that men still have a major role in a family in agricultural culture. 

•  The interviewed farmers are dominant by older generations, which should have a lot of experiences in 
farming practices and know the history of agricultural activities in the study areas very well. As the case, 
it seems that agricultural sector in the future tends to depend on younger generation. However, similar to 
many countries around the world, young generations having less interest in agriculture and living in rural 
areas are an issue in this region as well (White, 2012). 

•  About 90 percent of the famers are married and about 80 percent are Buddhism, which is the major 
religion in Cambodia, Lao PDR, and Thailand. 

•  Most famers completed less than high school degree. When comparing between educational status and 
age, it shows that farmers, who received high school diploma and upper, are in the age range of 30-39 
years old, while farmers above 50 years old completed less than high school and cannot write and read. 
It reflects that the accessibility in education in rural areas was quite limited in the past. However, farmers 
in this information and communication revolution, which the knowledge can be accessed easier than 
previous time, can combine their actual experiences with updated information and new technologies to 
enhance their land capacity and their capability in farming.

•  Number of members in the household ranges from 1-12 members with majority of 4-6 members. It seems 
that current society tends to have a small family, which is different from the previous time that parents 
had more children to help them in the farms, but now farmers hire more labours and utilize agricultural 
machinery and technology to enhance their competence in farming.

•  The duration of cultivation on the lands is for 1-200 years. Mostly, famers and their family have been 
cultivated on the lands between 20 to 50 years.

Figure 9 and Table 4Figure 9 Graphs and charts of summary of general information from the interview shows 
summary result of general information from the interview
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Table	4:	Summary	of	general	information

No Variables
Country7

Total %
C L T V

A Head of household

1
Gender Female 9 8 49 6 72 13.0%
 Male 37 92 305 44 478 87.0%

2

Age Less than 30 1  2  3 0.5%
 30-39 9 11 15 9 44 8.2%
 40-49 10 25 81 16 132 23.9%
 50-59 17 36 123 17 193 35.1%
 60 and above 9 28 133 8 178 32.2%

B Respondent

1
Gender Female 18 8 136 13 175 31.7%
 Male 28 92 218 37 375 68.3%

2

Age Less than 30 1 3 2 1 7 1.3%
 30-39 8 15 29 13 65 12.0%
 40-49 11 25 107 17 160 29.2%
 50-59 16 35 111 13 175 31.7%
 60 and above 10 22 105 6 143 25.9%

3

Status in the 
household

Head of household 23 85 229 39 376 68.1%

Husband 5  5  10 2.2%
 Wife 17 4 94 7 122 22.1%
 Daughter  1 7 1 9 1.6%
 Son  9 15 3 27 4.9%
 Nephew   1  1 0.2%
 Niece   1  1 0.2%
 Etc. 1 1 2  4 0.7%

4

Marital status Married 43 97 324 43 507 92.2%
 Separated   4  4 0.7%
 Single   5 2 7 1.3%
 Widow 3 3 21 5 32 5.8%

5

Religion Buddhism 46 57 352 1 456 83.0%
 Catholicism  2 1  3 0.5%
 Christianity  2 1  3 0.5%
 Ethnic religion  39   39 7.1%
 Irreligion    49 49 8.9%

7  C = Cambodia, L = Lao PDR, T = Thailand, V = Viet Nam
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No Variables
Country7

Total %
C L T V

6

Educational level Cannot read or write 16 18 6  40 7.2%
Completed less than high school 30 55 293 38 416 75.7%

 Received high school diploma or 
equivalent

 26 43 12 81 14.7%

 Graduated with Associated’s 
degree

 1 4  5 0.9%

 Bachelor’s degree   6  6 1.1%
 Higher education level   2  2 0.4%

C Number of members in the household (person)
 1    2 2 0.4%
 2 1  41 6 48 8.7%
 3 1 4 55 9 69 12.5%
 4 9 14 95 15 133 24.1%
 5 15 18 59 12 104 19.0%
 6 13 15 56 3 87 15.9%
 7 3 17 27  47 8.5%
 8 1 17 15  33 6.0%
 9  4 3 2 9 1.6%
 10 3 5 2  10 1.8%
 11  4 1 1 6 1.1%
 12  2   2 0.4%

D Duration of cultivation (years)
 1-5 2 1  3 6 1.1%
 6-10 6 13 3 11 33 6.2%
 11-15 10 19 7 12 48 8.7%
 16-20 11 11 19 11 52 9.2%
 21-30 15 31 37 11 94 17.4%
 31-40 2 17 64 2 85 15.4%
 41-50  3 67  70 12.7%
 51-60  4 32  36 6.5%
 61-70  1 21  22 4.0%
 71-80   30  30 5.4%
 > 80   74  74 13.4%

5.3. Summary results of agricultural land use status of each case study

The national experts selected the case studies based on the findings from major LULC change, focusing on 
agricultural land use changes, and their considerations on enough data available for analysis in each pilot area. 
The case studies are, hence, different depending on how important of the agricultural activities promoted in 
each country. The below section is to summarize key findings of each case study and the summary information 
can be found in Table 5. For more information of each case, readers can find in the country reports.
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Case in	Cambodia:	

Change from	natural	&	semi-natural	vegetated	areas	to	agricultural	lands	

(The area of selected case study of land use change is 11.2% of the entire pilot area)

Forty-eight (46) samples were interviewed for the case study in Kampong Cham province, Cambodia. It found 
that, in the past, the case study was mostly covered by natural & semi-natural vegetated areas, including 
bamboo forest, broadleaved deciduous and evergreen forest, grassland and shrubland. Since 1998, those 
areas were mainly converted to orchard (e.g. cashew nut and mango), industrial plantation (e.g. rubber tree), 
paddy rice and annual crops (e.g. cassava). The size of cultivated ranges from 0.04 to 17 hectares (average of 
4 hectares). 38 out of 48 samples, or approximately 80%, are permanent cropping area with more than 90% 
of the areas is non-irrigated. The irrigation used in some areas are mainly surface and ditch irrigation system. 
Major cultivated areas were obtained by bought (5%), while 17% by clearing, 13% by government allocation, 
9% by inheritance, and 4% by rent. Over 90% of them have official land documents. Moreover, the annual 
production cost ranges from 30 to 7,000 USD/Ha, with average of 960 USD/Ha, however, most farmers earn 
around 100-500 USD/Ha per year and they sell all of their products to local markets. 

Case in	Lao	PDR:	

Change from shifting cultivation to industrial plantation (e.g. Para-rubber and banana)

One hundred (100) samples were interviewed for the case study in Bokeo province, Lao PDR. It found that in 
the past, shifting cultivation (78% of the total responses) of cash crops (e.g. maize, job’s tear and upland rice) 
and paddy rice are major agricultural activities in this area. The farmers have cultivated on their lands from 
5 up to 61 years, converting their cultivated lands to annual crops such as banana and vegetables (61%) and 
industrial plantations such as rubber and oil trees (31%) since 1990, but mainly during 2005 – 2013. Converting 
lands to permanent cultivation, farmers have utilized irrigation system, especially surface irrigation, increasing 
from 7% in the past to 36% at present. Farmers obtained their lands mainly by clearing the lands (73%) with 
official documents available (46%), however, different ways of obtaining the farmlands, including clearing 
(53%), renting (24%), and buying (20%), have been applied with increasing official documents available (73%). 
The average annual production cost increases from approximately 500 USD/ha to 1,425 USD/ha. Previously, 
the farmers mainly sold their products to local market (91%), but currently, the market share shifted to local 
market (47%) and international (46%) market, especially China and Thailand. In the past, family members 
were majority labour (67%) in farming activities but hired-labour is mostly used in farming activities (46%) at 
present.

Case in	Thailand:	

Change from paddy rice to Para-rubber plantation

Three hundred and fifty-four (354) samples were interviewed for the case study in Bueng Kan province, 
Thailand. The result shows that the lands in Bueng Kan province have been utilized for agriculture for long 
time since 1818, mainly used for rainfed paddy rice (mostly RD6 and local varieties) cultivation. Until 1991, 
especially during 2003–2012, farmers have been changed from paddy rice to Para-rubber (mostly RRIM600 
variety) plantation. The irrigation is not significant in this area that only 2–3% of the total responses irrigated 
their agricultural lands in both previous and current times. The farmers mainly obtained their lands by 
inheritance (about 80%) with official documents available (more than 95%) in both times. The average annual 
production cost increases from approximately 200 USD/ha to 700 USD/ha. In the past, about 41% of rice 
production were used for household consumption and about 52% of them were sold to the local market. 
Currently, about 70% of rubber production are mostly sold to the local market. Family members are still 
majority of labour working in farmlands from past to present.
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Case in	Viet	Nam:

Change from 2-cropping paddy rice to rice-shrimp farming

Fifty (50) samples were interviewed for the case study in Kien Giang province, Viet Nam. The interviewed 
farmers have changed their land use from 2 paddy crops to rice shrimp farming since 1997.8 The areas are 100% 
based on rotation and ditch irrigation system. The farmers mainly obtain their farmlands by 40% inheritance, 
36% bought & inheritance, and 24% bought with all official documents available. In addition to rice farming, 
farmers have adapted their lands to encounter saline intrusion problem by rotating their second rice crop to 
shrimp farming. There has been a significant difference in annual production cost between 2 paddy crops and 
paddy shrimp farming. Previously, annual production cost varied from 982 USD/ha to 3,385 USD/ha. After 
shifting to paddy shrimp farming, this number varies from 577 USD/ha to 4,467 USD/ha. More than 90% of 
products goes to merchants and local markets. Although there are various markets for farmers, their products 
have not been secured yet. As other agricultural products, merchants are those who decided the price for the 
product. In terms of labor used, both labors from family and hired labors are used for agricultural production.

Comparing the situations of agricultural land use in previous and current times of four pilot areas, we can 
observe some common interests.

• The farmers from all countries get higher benefits from the changes, especially in Cambodia when locals 
have their own lands to earn a better livelihood.

• Although the farmers in Cambodia, Laos and Thailand have increasingly applied irrigation, especially 
surface irrigation, in their farmlands, they are mostly relying on rainfed agriculture. In opposite, the 
farmers in Viet Nam are mainly relying on irrigated agriculture.

• The farmers in Cambodia and Laos mostly obtained their lands by bought and clearing, while, those in 
Thailand and Viet Nam mainly obtained their lands by inheritance and bought.

• Currently, the farmers generally have official documents for their land ownerships. However, some 
farmers still do not have the documents and would like to request their governments to issue the official 
land registrations for them.

• While the farmers have various and wider market at the moment, the secured income is still questioning 
because products’ prices still mainly depend on purchasers.

8  The result shows in the National Report on page 55, Question 1, Part B in the questionnaire.
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Table	5:	Summary	of	agricultural	land	use	comparing	between	previous	and	current	of	
each	case	study

Variables
Cambodia Lao PDR Thailand Viet Nam

P9 C P C P C P C

Area (Hectares)
Minimum 0.00 0.04 0.00 0.12 0.16 0.16 0.20 0.20 

Average 0.70 4.37 2.08 1.54 3.46 5.44 2.40 2.38 

Maximum 10.00 17.00 33.00 8.00 500.00 819.05 10.00 10.00 

Annual production cost (USD/Ha)
Minimum 0.00 0.00 0.00 0.00 0.00 1.89 982.00 3,385.00 

Average n/a 929.09 509.40 1,420.61 209.15 705.84 n/a n/a

Maximum 500.00 7,000.00 5,668.00 9,802.00 1,235.00 6,256.17 577.00 4,467.00 

Number of crops per year/ cropping season
1 crop per year 2.0% 62.7% 91.8% 91.9% 99.7%  100.0% 100.0%

2 crops per year 6.0% 11.8% 5.1% 5.1% 0.3%    

3 crops per year  2.0% 3.1% 1.0%     

Biennial crops         

Perennial crops  23.5%  1.0%  100.0%   

Non-cropping area 92.0%   1.0%     

Crop rotation

Rotation 94.7% 22.0% 88.9 47.5% 1.7%  100.0% 100.0%

Permanent 5.3% 78.0% 11.1% 52.5% 98.3% 100.0%   

Irrigation

Irrigated 6.0% 16.0% 7.1% 36.4% 2.8% 1.4% 100.0% 100.0%

Non-irrigated 94.0% 84.0% 92.9% 63.6% 97.2% 98.6%   

Type of irrigation (if irrigated)

Surface irrigation 50.0% 60.0% 77.0% 97.0% 100.0% 100.0%   

Ditch irrigation 50.0% 40.0%     100.0% 100.0%

Micro irrigation         

Sprinkler irrigation         

Sub-irrigation   23.0% 3.0%     

Drip irrigation         

Others (incl. no irrigation)         

Land obtaining

Rent  3.2%  23.8% 0.7%    

Bought 13.2% 41.8% 14.1% 11.9% 16.9% 15.9% 43.3% 43.3%

Inheritance 3.8% 8.8% 8.1% 6.8% 74.6% 80.2% 56.7% 56.7%

Clearing 9.4% 30.8% 73.7% 53.5% 1.8% 0.4%   

Government land allocation 5.7% 13.2% 3.0% 2.0% 6.0% 3.1%   

9 P = Previous, C = Current
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Variables
Cambodia Lao PDR Thailand Viet Nam

P9 C P C P C P C

Others (incl. no land owner) 67.9% 2.2% 1.1% 2.0%  0.4%   

Official documents available

Yes 10.0% 92.0% 45.9% 73.2% 94.9% 98.9% 100.0% 100.0%

No 90.0% 8.0% 54.1% 26.8% 5.1% 1.1%   

Market

Local market 10.0% 67.6% 92.0% 47.5% 51.9% 69.9% 2.0% 31.5%

Farmer’s market  26.8%   0.8% 2.7%  2.7%

Factory     0.3% 0.8%   

Merchant     1.4% 1.1% 98.0% 64.4%

Distributor  1.4%   4.6% 10.8%  1.4%

Government      0.5%   

Exporter   1.0%   0.3%   

International market   1.0% 45.5%  0.3%   

Online market         

Others (incl. non-market) 90.0% 4.2% 6.0% 7.1% 41.0% 13.6%   

Labour

Hired  8.2%  46.9% 5.1% 6.0%   

Family 10.4% 28.6% 66.7% 34.4% 48.2% 56.0% 57.1% 56.0%

Hire and Family 2.1% 63.3% 29.2% 17.7% 46.5% 38.1% 42.9% 44.0%

No labour use 87.5%  4.2% 1.0%     

Remark: The percentage value in this table reviews percentage from total respondents.
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5.4.  Driving forces of agricultural land use changes

Generally, agricultural land use changes are caused by two major influences, which are natural and human 
forced. In earlier eras when people were mainly reliable on agricultural activities, natural forced, such as 
soil suitability, natural disaster, and natural water resources availability was significant to famers’ decision in 
choosing or changes their farmlands (Deland, 2002; Fromard, F. et al., 2004; Paiboonvorachat, C. and Oyana, 
T. J., 2011). Later population growth, led to high food demand, resulted in an expansion of agricultural lands. 
Between 1950 and the late 1960s when global entered to the Green Revolution, the expansion of farmlands 
to increase agricultural production was also supported by development of infrastructure, especially irrigation 
system, and enhancement of new technologies to improve crop yield, including high yielding varieties and 
agro-chemicals (Farmer, 1986). However, in recent times, high agricultural production price and government 
policies are two important factors to drive the changes in land use/land cover and farming activities (Gutzler, 
C. et al., 2015; Paiboonvorachat, C. and Oyana, T. J., 2011; Angelsen, A. and Kaimowitz, D., 1999).

In this study, we interviewed the farmers of our case studies based on five major aspects of driving force 
factors, including economic, institutional, location, environmental and socio-cultural factors. Table 6 presents 
summary of responses on the major driving forces of LULC changes.

Economic factor

The results from the interview cases show that out of 591 responses on economic factors, more than 80 
percent agree that higher cost of and benefit of current crop productions is the major parameter that resulted 
in the conversion of their agricultural lands. Other economic reasons that lead to the LULC changes include the 
reduction of chemical inputs (4% of the total responses), more and wider markets (2%), more opportunities 
for export (2%), others such as increase energy price (5%). There are 29 responses (5%) mentioned that LULC 
changes were not resulted by economic factors.
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Figure 10 Pie charts to summarize the driving forces from economic factors 

All Cambodian farmers confirming that this is the main reason of the change from natural & semi-
natural to cultivated lands in the Kampong Cham province. The cases in Laos and Thailand also confirm 
the result of high crop production price in the same direction. Higher crop production price from the 
interview cases in the other three countries confirms this major reason of changes. In Laos, the farmers 
earn almost three times higher of crop production cost from 509 USD/ha on average, for previous 
annual crop and shifting cultivation (e.g. corn, rice, Job’s tear, beans), to 1,420 USD/ha on average, for 
current industrial plantation (e.g. banana, Para-rubber, vegetables, oil trees, teak, and tea). In 
Thailand, the farmers earn almost four times higher of crop production cost from 209 USD/ha on 
average for paddy rice to 818 USD/ha on average for Para-rubber plantation. 
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All Cambodian farmers confirming that this is the main reason of the change from natural & semi-natural to 
cultivated lands in the Kampong Cham province. The cases in Laos and Thailand also confirm the result of 
high crop production price in the same direction. Higher crop production price from the interview cases in 
the other three countries confirms this major reason of changes. In Laos, the farmers earn almost three times 
higher of crop production cost from 509 USD/ha on average, for previous annual crop and shifting cultivation 
(e.g. corn, rice, Job’s tear, beans), to 1,420 USD/ha on average, for current industrial plantation (e.g. banana, 
Para-rubber, vegetables, oil trees, teak, and tea). In Thailand, the farmers earn almost four times higher of 
crop production cost from 209 USD/ha on average for paddy rice to 818 USD/ha on average for Para-rubber 
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plantation.

Table	6:	Summary	of	responses	to	the	major	driving	forces	of	LULC	changes	in	the	pilot	
areas.

Factors
Country

Cambodia Lao PDR Thailand Viet Nam Total
Economic factor

Higher cost and benefit of current crop productions 46 69 323 39 477

More and wider markets  4 7  11

More opportunities for export  10 2  12

Reduction of input costs due to less chemical fertilizers and herbicides 
usage

 2 6 15 23

Use less hired labour or lower labour costs  4 4 1 9

Etc. (e.g. increase energy costs)  20 10  30

No impact from economic factor  1 19 9 29

Total 46 110 371 64 591

Institutional factor

Contract farming  23 2  25

Government policies or programs to support and promote the 
cultivation

 14 161 27 202

Lower interest rate for agricultural loan  3 11  14

Etc. (population growth, national goal, training) 46 49 10  105

No relation from institutional factor  16 178 23 217

Total 46 105 362 50 563

Location factor

Existence of the factories   74  74

Existence of water and power supply    14 14

More efficient transportation system and service  88 108 5 201

Urbanization  10 3  13

Etc. (existence of nearby markets, village’s cooperatives)  7 20  27

No relationship with the location factor 46 1 197 31 275

Total 46 106 402 50 604

Environmental factor

Disaster   18  18

Drought  30 121  151

Land degradation  3 28  31

Lower soil fertility  9 23 1 33

More period of intensified rainfall  4 15  19

Rising of sea levels   11 31 42

Spreading of crop pests and deceases   7  7

Etc.  56 58  114

No relationship with environmental factor 46 9 130 17 202

Total 46 111 411 49 617

Sociocultural factor

Labour forces transferring to other sectors  15 63 1 79

Change in people lifestyles 46 19 211  276

Migration to urban   4  4

Young generation is more interested in agricultural practices  21 3  24

Etc.  50 3 1 54

No relationship with sociocultural factor  10 91 48 149



45

Total 46 115 375 50 586

For the case of changing from 2-paddy rice crops to paddy shrimp farming in Viet Nam, 40 out of 50 HHs 
said that the increased profit was a main driver for changing their farming, mainly from higher income from 
shrimp yield. Considering the paddy shrimp farming’s profit of these 40 HHs, the average annual profit from 
rice-shrimp farming is 2,816 USD/ha, significantly higher 1,904 USD per a hectare than 2 paddy crops. Higher 
profits in the paddy shrimp farming are results of higher income from their shrimp yield (40/40HHs), less 
usage of chemical fertilizer, pesticides and herbicides and less usage of hired labors.  Discussion on the impact 
of LULC change to the household income is reviewed in the next section (Section 5.5).

Interesting cases of more and wider markets show in Thailand and Laos when high demand of Para-rubber 
and banana from China last decades affected to the expansion of Para-rubber and banana plantation in these 
countries. In 2017, the total global purchases of imported natural rubber is 17.7 billion USD, which China 
imported the highest value of natural rubber about 5 billion USD, which equal to 28% of total world imported 
natural rubber), while Thailand is the biggest natural rubber export in terms of dollar value worth, about 6 
billion USD, and Laos with export value of 197 million USD is in a 7th rank of the world natural rubber exporter 
(Workman, 2018). In addition, the Ministry of Industry and Trade of Laos report that the export of bananas in 
Laos to China has increased rapidly from approximately 40 percent of the total volume of banana exports in 
2011-2021 to almost 90 percent in 2014-2015 (Manivong, V. et al., 2016).

Institutional factor

The results from 563 responses on institutional factors show that the most important institutional factor 
is Government policies or programs to support and promote the cultivation (36% of the total responses), 
following by 19% for other institutional reasons (e.g. change from Pol Pot time in Cambodia, national goals, 
loan provided by Bank of Agriculture, agricultural training), 4% for contract farming, 3% for lower interest rate 
for agricultural loan. Interestingly, 38% of the total responses, which is the majority, mentioned no relation 
from institutional aspect to their agricultural land use changes.

29 

For the case of changing from 2-paddy rice crops to paddy shrimp farming in Viet Nam, 40 out of 50 
HHs said that the increased profit was a main driver for changing their farming, mainly from higher 
income from shrimp yield. Considering the paddy shrimp farming’s profit of these 40 HHs, the average 
annual profit from rice-shrimp farming is 2,816 USD/ha, significantly higher 1,904 USD per a hectare 
than 2 paddy crops. Higher profits in the paddy shrimp farming are results of higher income from their 
shrimp yield (40/40HHs), less usage of chemical fertilizer, pesticides and herbicides and less usage of 
hired labors.  Discussion on the impact of LULC change to the household income is reviewed in the 
next section (Section 5.5). 

Interesting cases of more and wider markets show in Thailand and Laos when high demand of Para-
rubber and banana from China last decades affected to the expansion of Para-rubber and banana 
plantation in these countries. In 2017, the total global purchases of imported natural rubber is 17.7 
billion USD, which China imported the highest value of natural rubber about 5 billion USD, which equal 
to 28% of total world imported natural rubber), while Thailand is the biggest natural rubber export in 
terms of dollar value worth, about 6 billion USD, and Laos with export value of 197 million USD is in a 
7th rank of the world natural rubber exporter (Workman, 2018). In addition, the Ministry of Industry 
and Trade of Laos report that the export of bananas in Laos to China has increased rapidly from 
approximately 40 percent of the total volume of banana exports in 2011-2021 to almost 90 percent in 
2014-2015 (Manivong, V. et al., 2016). 

Institutional factor 

The results from 563 responses on institutional factors show that the most important institutional 
factor is Government policies or programs to support and promote the cultivation (36% of the total 
responses), following by 19% for other institutional reasons (e.g. change from Pol Pot time in 
Cambodia, national goals, loan provided by Bank of Agriculture, agricultural training), 4% for contract 
farming, 3% for lower interest rate for agricultural loan. Interestingly, 38% of the total responses, which 
is the majority, mentioned no relation from institutional aspect to their agricultural land use changes. 
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In Cambodia, 100 percent of the interviewees said that the change since 1979 resulted in the 
expansion of agricultural areas converted forest and natural grasslands and shrublands. The land in 
Cambodia was allocated to agriculture sector as some state farms supported by socialist states and 
farms used for food production by smallholders. During the last two decades, Cambodian local 
livelihoods were improved with agriculture, financial and infrastructure supports by International 
Fund for Agriculture Development or IFAD, especially for expansion of paddy fields and increase of 
rice production (Francois, 1990; Peterson, 2018). Although the other institutional factors were not 
mentioned in the selected case of Cambodia in this study, the Economic Land Concession (ELC) granted 
by the Cambodian Government increased lands for economic crops (e.g. rice, cassava, and maize) and 
industrial plantation (e.g. rubber, teak, and acacia) (MRC(a), 2017). 
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In Cambodia, 100 percent of the interviewees said that the change since 1979 resulted in the expansion of 
agricultural areas converted forest and natural grasslands and shrublands. The land in Cambodia was allocated 
to agriculture sector as some state farms supported by socialist states and farms used for food production 
by smallholders. During the last two decades, Cambodian local livelihoods were improved with agriculture, 
financial and infrastructure supports by International Fund for Agriculture Development or IFAD, especially 
for expansion of paddy fields and increase of rice production (Francois, 1990; Peterson, 2018). Although the 
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other institutional factors were not mentioned in the selected case of Cambodia in this study, the Economic 
Land Concession (ELC) granted by the Cambodian Government increased lands for economic crops (e.g. rice, 
cassava, and maize) and industrial plantation (e.g. rubber, teak, and acacia) (MRC(a), 2017).

Likewise, Government policies have led to the changes in Laos, Thailand, and Viet Nam. For example, Lao 
government promotes the commercialization of agricultural products and support local farmers to grow 
economic crops with high production price. In Thailand, the government established the Rubber Authority 
of Thailand (RAOT) and the government’s natural rubber purchase policy to support farmers’ incomes (ERIA, 
2016). Other policies supported an increase of rubber plantation in Thailand includes, for example, national 
Rubber Market Development Plan (2004-2005), ASEAN Free Trade Agreement (AFTA), the Populist Rubber 
Plantation Project (2004-2010) by Office of Rubber Replanting Aid Fund (ORRIF) (Kaiyoorawong, S. and 
Yangdee, B., 2007). In Viet Nam, agricultural zoning in An Bien district, the aquaculture land use planning, and 
the investment and planning in hydraulic works in delta areas lead to the changes between 2-paddy rice and 
rice- shrimp farming. The Vietnam team also provides a list of important policies related to agricultural land 
use change in the national report

Location factor

The results from 604 responses on location factors show that the most important location factor is more 
efficient transportation system and service, which can lead to new market accessibility and increase of 
purchasing location (33% of the total responses), following by 12% for existence of the factories (all responses 
in Thailand), 2% for existence of water and power supply and 2% for urbanization. Other location factors 
(5% of the responses) are existence nearby markets and village’s cooperatives. However, 46% of the total 
responses mentioned that LULC changes in their areas are not related with the location factor. It seems that 
location factors have much less impact on agricultural land use change, comparing high production price, 
market demand, and government policies.
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Environmental factor 

The results from 617 responses on environmental factors show that the most important 
environmental factor is drought (24% of the total responses), following by 7% for the rising of the sea 
levels, mainly in the case in Vietnam Mekong Delta, 5% for land degradation, 5% for low soil fertility, 
3% for disaster (e.g. flood), and 3% for more intensified rainfall. 19% of the responses mentioned that 
LULC change was from other environmental factors such as soil suitability or high slope. However, 33% 
of the responses said that there is no relationship between the agricultural land use change and 
environmental factors. 

Moreover, the focus groups discussed that climate change has accelerated the frequency, intensity, 
and severity of drought, flood, and sea level rise. A case discussed in Kien Giang province; Viet Nam 
confirms that the transition from rice to rice-shrimp farming due to saline intrusion previously. 
Furthermore, the modelling change of extremes of drought years causes salinity in Mekong delta and 
consequently results reduction of rice production ( (MRC(b), 2017)). It pushes farmers to adapt to 
better farming practices in the region, for instance, breeding salt tolerant rice, Deepwater rice, and 
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Moreover, the focus groups discussed that climate change has accelerated the frequency, intensity, and 
severity of drought, flood, and sea level rise. A case discussed in Kien Giang province; Viet Nam confirms that 
the transition from rice to rice-shrimp farming due to saline intrusion previously. Furthermore, the modelling 
change of extremes of drought years causes salinity in Mekong delta and consequently results reduction of 
rice production ( (MRC(b), 2017)). It pushes farmers to adapt to better farming practices in the region, for 
instance, breeding salt tolerant rice, Deepwater rice, and cultivation of alternative crops (e.g. maize, cassava, 
and vegetable) that require less water during dry season
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The results from 586 responses on sociocultural factors show that the most important sociocultural 
factor is the change in people lifestyle (47% of the total responses) that rural younger generations 
have higher preferable to working in factories, public and private offices, and service providers (e.g. 
hotels and department stores), or even as online retailers. The subsequent reasons are 14% for labour 
forces transferring to other sectors because agricultural practices cannot cover their costs of living of 
the households, 4% for more interest in agriculture of young generation in Laos and Thailand, and 1% 
for migration to urban. 9% of the total responses indicated other sociocultural factors, for example, 
land use change of neighbors, farmers’ experience from other areas, and no inheritor to continue 
farming activity. On the other hands, 25% of the total responses mentioned there is no relation to the 
sociocultural factors in changing their agricultural land uses. 
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for migration to urban. 9% of the total responses indicated other sociocultural factors, for example, 
land use change of neighbors, farmers’ experience from other areas, and no inheritor to continue 
farming activity. On the other hands, 25% of the total responses mentioned there is no relation to the 
sociocultural factors in changing their agricultural land uses. 

 
Figure 14 Pie charts to summarize the driving forces from sociocultural factor 

According to the interview results and focus group discussion of the driving forces in five aspects, the 
locals in four countries have similar view that economic factors are the major driver for them in making 
decision. The higher crop production price and benefit with an increase of market demand, especially 
external and international markets, are the main farmers’ motivation in conversion to current land 
uses. Government policies and supports, natural disaster and the change in local people’s lifestyle 
subsequently encourage the change of farmers’ behavior and adaption. Contrary, location factors do 
not have much effects on the agricultural land use changes in the pilot study areas. 

Figure 14: Pie charts to summarize the driving forces from sociocultural factor
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According to the interview results and focus group discussion of the driving forces in five aspects, the locals 
in four countries have similar view that economic factors are the major driver for them in making decision. 
The higher crop production price and benefit with an increase of market demand, especially external and 
international markets, are the main farmers’ motivation in conversion to current land uses. Government 
policies and supports, natural disaster and the change in local people’s lifestyle subsequently encourage 
the change of farmers’ behavior and adaption. Contrary, location factors do not have much effects on the 
agricultural land use changes in the pilot study areas.

5.5. Impacts of agricultural land use changes

This section summarizes the findings from each case study on the impacts of LULC changes on local livelihoods 
in both environmental and social-economic aspects. The field data collected by the national expert teams 
were categorized and analyzed in this section. This data analysis together with the review in the national 
reports were considered in the discussion of this section.

5.5.1. Environmental impacts

In this study, the environmental impacts of agricultural changes were quantified inputs for cultivation and 
water requirement/use. The evaluation of increase or decrease of biodiversity, surface runoff, and machinery 
usage is based on the responses from the farmers’ interviews of the case studies.

Considering the usage of fertilizer and other inputs, the land conversion to economic crops that provide 
higher benefits leads to an increase of quantity and frequency of using both chemical and organic fertilizer 
and other inputs for the cases in Cambodia, Laos, and Thailand. For Cambodia the expansion of agricultural 
lands in the previous forest and shrubland unquestionably results in environmental degradation. However, 
it needs to compensate with better people livelihoods and food security from available lands for cultivation. 
For Laos and Thailand, economic drivers put more pressure to the agricultural lands due to more demands 
for higher crop production. In Bokeo province, the average quantity of chemical/organic fertilizer and other 
inputs used for industrial crop plantation, including banana and rubber trees, is 4-6 times higher than those 
used for shifting cultivation. Similarly, in Bueng Kan province, the average quantity of chemical/organic 
fertilizer and other inputs used for Para-rubber plantation is 2-4 times higher than those used for paddy 
fields. It can be assumed that these developments may result in lower quality of water, soil, and air due to 
chemical contamination, however, soil fertility could be improved by an increase of organic fertilizer. For Viet 
Nam, on the other hand, the change from 2-paddy crop to integrated rice-shrimp farming causes a 3-time 
reduction of average quantity use of chemical fertilizer and less usage of herbicides and pesticides, according 
to farmer interview focus group discussion. The frequency of manure and spraying were also 4-5 times lower 
in rice-shrimp farming practice.

The water requirement/uses slightly increase for the cases in Cambodia and Laos, while somewhat decrease 
for the case in Thailand. The different of water requirement/use for these cases is not significant because 
agricultural lands in these provinces are mostly rainfed agriculture. In Viet Nam, although the change from 
2-paddy crop to rice-shrimp farming double water usage, this practice is more preferable to the climate 
change adaptation when Viet Nam delta is recently encountering the issues of sea level rise and saltwater 
intrusion.

For biodiversity condition, it was found that when famers in Thailand changed rice paddy to Para-rubber 
plantation, they observed a loss of some animals such as fishes, crabs, and some aquatic plants, but also an 
emerge of some animals such as foxes, snakes, and reptiles. In other three countries, farmers did not observe 
much in biodiversity changes. In Laos and Viet Nam, it can be assumed that there was not much change in 
environmental system in the pilot areas. For Laos, more than 85% of the total area of Bokeo province maintain 
as forest and nature resources. For Viet Nam, farmers only change their rotational farming system, which 
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both 2-paddy and rice-shrimp farming systems are very similar farming system. Nevertheless, for the case 
in Cambodia, the conversion of most forests and natural areas in Kampong Cham province by an expansion 
of agricultural lands would certainly cause the habitat destruction though the farmers were not aware of it.

Moreover, the surface runoff was not meaningfully observed in the pilot areas, except for the case in Viet 
Nam when lower surface runoff occurred because of water cover. The results show more machinery usage for 
the cases in Cambodia and Laos but not much different for the cases in Thailand and Viet Nam. Typical type 
of machines used are tractor and weeding machine. Table 7 summarize data and information of environment 
impacts from the LULC changes of the case study in each country.

Table	7:	Summary	data	and	information	of	environment	impacts	of	the	cases	in	each	country.

Variables
Cambodia Lao PDR Thailand Viet Nam

P10 C P C P C P C

Chemical fertilizer
Quantity 
(kg/ha/
year)

Min - - - - - - 60.0 30.0
Ave - 112.2 85.2 425.8 171.8 445.2 966.1 388.0
Max - 450.0 7,200.0 7,200.0 1,666.0 2,083.0 6,154.0 1,200.0

Frequency 
(times/year)

Min - - - - - - - -
Ave - 1.0 0.3 3.2 1.3 1.7 9.9 2.1
Max - 3 6 6 3 6 14 4

Organic fertilizer
Quantity 
(kg/ha/
year)

Min - - - - - - - -
Ave - 59.8 12.1 61.2 36.7 57.2 - -
Max - 600.0 1,000.0 6,000.0 5,000.0 1,785.7 - -

Frequency 
(times/year)

Min - - - - - - - -
Ave - 0.3 0.03 0.1 0.1 0.2 - -
Max - 2 1 6 3 6 - -

Other chemical inputs
Quantity 
(kg/ha/
year)

Min - - - - - - - -
Ave - 8.2 4.4 16.3 8.3 29.7 - -
Max - 40.0 150.0 600.0 2,500.0 2,500.0 - -

Frequency 
(times/year)

Min - - - - - - - -
Ave - 0.8 0.4 2.0 0.3 46.2 10.9 2.1
Max - 3 4 10 3 250 14 4

Other organic inputs
Quantity 
(kg/ha/
year)

Min - - - - - - - -
Ave - 0.2 10.2 61.2 0.2 0.2 - -
Max - 4.0 1,000.0 6,000.0 50.0 78.1 - -

Frequency 
(times/year)

Min - - - - - - - -
Ave - 0.2 0.01 0.1 0.01 0.003 - -
Max - 4 1 6 2 1 - -

Water requirement/use (MCM/annum)

10  P = Present, C = Current
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Variables
Cambodia Lao PDR Thailand Viet Nam

P10 C P C P C P C

 Min - - - - - - 2,032.0 3,808.0
Ave - 0.1 0.1 1.0 5.7 0.6 24,284.9 45,566.9
Max - 0.6 10.0 100.0 2,000.0 200.0 101,610.0 190,400.0

Biodiversity - Animal
Loss / 
Decrease

Yes 2% 22% 5% 4% 49% 77% 14% 8%
No 98% 78% 95% 96% 51% 23% 86% 92%

Emerge / 
increase

Yes 4% 12% 4% 4% 34% 38% 4% 8%
No 96% 88% 96% 96% 66% 62% 97% 92%

Biodiversity - Plant
Loss / 
Decrease

Yes 4% 2% 5% 3% 35% 23% 2% 2%
No 96% 98% 5% 97% 65% 77% 98% 98%

Emerge / 
increase

Yes 2% 10% 3% 2% 2% 2% 2% 2%
No 98% 90% 97% 98% 98% 98% 98% 98%

Surface runoff
 Higher 2% 4% 1% 1% 5% 10% 100% 8%

Lower 98% 96% 99% 99% 95% 90% 0% 92%
Machinery usage
 Yes 2% 46% 37% 69% 75% 74% 100% 100%

No 98% 53% 63% 31% 25% 26% 0% 0%
Type of machinery
 

 

 

 

 

Tractor 38% 66% 80% 84% 5% 29% 30% 25%
Rotary tiller 25% 19%   67% 13% 28% 25%
Weeding 
machine

  15% 16% 14% 38%   

Sprayer     12% 20% 14% 25%
Rice huller  3%   1%    
Rice 
harvester

38% 13%   1%  29% 26%

Others   5%    
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Figure 15 Infographic of the environmental impacts of agricultural land use changes of the selected 
case studies 

 

  

Figure 15: Infographic of the environmental impacts of agricultural land use changes of  
the selected case studies

5.5.2. Social and economic impacts

In this study, the social and economic impacts on local livelihoods are considered household income and 
expenditures from on and off farm activities, secure market, accessibility to healthcare facilities and safe 
water supply system based on the responses from the farmers’ interviews of the case studies.

Considering only household income from agricultural activities, we observed that the farmers have gained 
higher income from farming practices on average up to about 5, 10, and 1.6 times of the previous income 
from agricultural activities for the cases of Laos, Thailand, and Viet Nam, respectively. For Cambodia, we 
observed that currently the farmers have gained much higher income compared to what they had done 
previously. For the case study of Cambodia, it was natural forest with no people living in the previous time, 
therefore, the land conversion to agricultural land have provide income for local farmers as well as household 
consumption in Kampong Cham province. This change has led to better livelihoods and food security of the 
local people in Cambodia. The net income from agriculture when deducting the expenses for agriculture 
inputs and activities shows even more benefits in the cases of Thailand and Viet Nam. 

“Rice-shrimp farming can reduce the usage of chemical fertilizer and inputs comparing to 2-paddy crops 
practiced in the past” stated by Farmers in Kien Giang province. 

In addition, the total net incomes on average show that the households of case studies in Cambodia, Laos, 
and Viet Nam earn higher income. For Cambodia and Laos, farmers can have some money saving in their 
family that their net income were negative previously. For Viet Nam, the average net income increases 5 times 
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higher. Oppositely, the households in Thailand have lower net income on average due to high expenditures 
for food and others.

Furthermore, the farmers in Cambodia, Laos and Thailand mentioned that they have more secure market 
after the changes. According to the focus group discussion, farmers have more accessible wider and various 
markets, especially to international markets, exports, and distributors. However, different opinions reviewed 
for the case of Viet Nam. The Vietnamese farmers stated that they still have insecure market because the 
price of products largely depend on the purchasers or middlemen. 

In general, the farmers consider that their changes of farming activities can provide them better accessibility 
to health care facilities and safe water supply system from not and difficult accessible in the past to medium 
and easily accessible currently. Table 8 summarize data and information of social and economic impacts from 
the LULC changes of the case study in each country.

To sum up, the changes of agricultural practices advance social and economic benefits to the livelihoods of 
rural households of those case studies in all countries. The farmers earn higher income and have more capacity 
to spend for their food and others to comfort and improve their lifestyle. The changes also made them better 
adapt to current environmental, social and economic conditions. Although the changes to economic crop 
cultivation could result in environmental degradation, the compensation of better local livelihoods can be 
taken into consideration. The Governments should study livelihoods of different communes and consider 
trade-off between the development and conservation, then promote proper sustainable development and 
adaption approaches to the locals.
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Table	8:	Summary	data	of	social	and	economic	impacts	of	the	cases	in	each	country.

Variables
Cambodia Lao PDR Thailand Viet Nam

P C P C P C P C
 Household income (USD/year) 

From agriculture 

 Min - 300 - - - 31 470 825 

 Ave 11 3,824 264 1,492 266 2,996  6,136  9,769 

 Max 500 24,200 9,867 9,867 4,500 41,256 40,000 34,793 

From off-farm 
works 

 Min - - - - - - - -

 Ave 4 622 1,014 2,479 1,474 1,565 215 550 

 Max 200 5,000 36,213 21,553 28,800 17,829 2,291 3,273 

Total 
 Min - 700 - - - 31 68 2,064 
 Ave 15 4,446 1,246 3,907 1,740 4,561 6,228 10,319 
 Max 700 24,200 36,213 21,553 28,800 41,256 40,000 34,793 

 Household expenditures (USD/year) 

For agriculture 
inputs/activities

Min - - - - - - 306 282

Ave 4 1,282 476 443 178 545 4,148 3,736

Max 200 7,500 19,131 19,131 8,057 8,229 28,000 29,920

For food

Min - 300 - - - - 109 218

Ave 28 1,750 502 1,021 967 2,403 621 1,237

Max 1,300 4,562 3,488 6,446 24,000 14,523 1,964 2,945

For others

Min - 50 - - - - 164 327

Ave 1 748 883 1,205 744 2,278 1,006 3,167

Max 24 3,300 41,353 14,009 10,286 34,286 2,945 12,273

Total
Min - 700 - - - 309 1,097 1,305
Ave 33 3,743 1,796 2,573 1,888 5,224 5,775 8,140
Max 1,524 14,200 42,772 24,120 24,171 46,331 30,182 31,065

Net income (USD/year)

Agriculture 
sector 

 Min - (3,000) (9,665) (9,264) (8,057) (6,971) (3,098) (11,688)

 Ave 6 2,542 (204) 1,042 89 2,452 1,896 6,062 

 Max 300 16,700 1,204 7,927 2,857 40,000 12,000 21,926 

 Total 
 Min (824) (10,200) (16,148) (6,235) (24,060) (42,674) (3,979) (12,038)
 Ave (18) 703 (551) 1,333 (148) (664) 488 2,218 
 Max - 14,375 8,606 9,993 27,350 39,030 9,818 16,471 

Secure employment/market

 
Yes 2% 55% 20% 96% 34% 90% 4% 4%

No 98% 45% 80% 4% 66% 10% 96% 96%

Accessibility to health care facilities
 

 

 

Not accessible 39%    8%    

Difficult 57% 2% 55%  38% 1% 4%  

Medium 4% 67% 39% 57% 22% 22% 96% 88%

Easy  31% 6% 43% 32% 77%  12%

Accessibility to safe water supply system
 

 

 

Not accessible 57% 25%   23% 3% 2% 2%

Difficult 37% 4% 43% 3% 30% 6% 2%  

Medium 6% 67% 45% 39% 21% 24% 96% 84%

Easy  4% 11% 58% 27% 68%  14%
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Figure 16 Infographic of the social and economic impacts of agricultural land use changes of the 

selected case studies 

 

Figure 16: Infographic of the social and economic impacts of agricultural land use changes of  
the selected case studies

5.6.  Adaptation practices and agricultural extension measures

There are various forms of support provided by national governments, international organizations, and private 
sector in Laos, Thailand, and Viet Nam, for instance, infrastructure development, providing agricultural inputs 
such as seedlings and fertilizer, loan services, and trainings. Those projects have similar objectives to develop 
infrastructure for irrigation and water control, increase farmers’ income and better local livelihoods, increase 
crop production, and climate change adaptation. The projects were promoted from farm level to national 
plan and policy. Unfortunately, for the case of Cambodia, the farmers in Kampong Cham province mentioned 
that there is no project to support their agricultural activity since the latest land use changes. This section 
summarizes the adaptation measures/practices indicated by the interviewed farmers and discussed during 
the focus group discussion with local farmers, government, and NGOs. The result is presented in Table 9.
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Table	9:	Summary	of	adaptation	practices	supporting	agricultural	activities	for	each	case	study

Project Type of 
project Location Implementing/ 

Funding agency

Since / 
Period 
(Year)

Objective How to implement Website

CAMBODIA: There is no adaptation project mentioned by the interviewed farmers in Kampong Cham Province.

LAO PDR (6 Projects)

Agricultural land use 
monitoring

Agriculture 
extension and 
suitable land use 
planning

Nationwide Lao government 2008 To allocate agricultural 
land use systematically 
for each crop (e.g. rice, 
rubber, banana) to avoid 
land degradation

Regularly monitor 
agricultural land use and 
collect soil sampling for 
proper land use planning 

 

Northern Rural 
Infrastructure (NRI) 
Sector Development

Infrastructure 
development

Northern 
provinces 
of Laos 
(Oudomxai, 
Bokeo, Luang 
Namtha and 
Pongsaly)

Ministry of 
Agriculture and 
Forestry of Lao 
PDR (MAF), Asian 
Development 
Bank (ADB)

2012 To support the 
improvement of rural 
livelihoods and mitigating 
water scarcity issue

Infrastructure development 
consisting of irrigation and 
drainage facilities and rural 
access road, agricultural 
support such as crop 
diversification, system of 
rice intensification and 
contract farming, women 
activities promotion, 
institutional development 
at national, provincial and 
district levels etc

http://www.nri-lao.org/

Cattle Raising 
Programme

Promotion of 
alternative 
activities for 
better farmers’ 
livelihoods

Ban Sai 
Phatthana

Lao government 2017 To support farmers in 
alternative activities 
such as livestock and 
aquaculture for their 
living and other sources of 
income to reduce locals’ 
poverty

Government provided 
knowledge and trainings on 
cattle raising.

 

Livestock fund project Promotion of 
alternative 
activities for 
better farmers’ 
livelihoods

Meuang 
Meung

Bank of 
Thanakhan 
Nayoby

2017 Reducing local farmers’ 
poverty

Lease money for farmers 
with low interest rates
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Project Type of 
project Location Implementing/ 

Funding agency

Since / 
Period 
(Year)

Objective How to implement Website

Tea plantation Alternative crops 
plantation

Ban Phone 
Savang

Maeying Huamjai 
Phattana (MHP)

2017 To promote tea plantation 
to improve income of rural 
people

Building the capacity of 
rural people in the proper 
management of tea 
plantation and collection of 
the products

https://laocs-kis.org/business/maeying-
huamjai-phattana-mhp/

Sustainable forestry 
for rural development 
project (SUFORD)

Sustainable 
forest 
management

Nam You World Bank, Lao 
government

2017 To achieve the sustainable 
management of 
production forests to 
alleviate rural poverty

Provide support for training, 
preparation, implementation 
and monitoring of forest 
management and annual 
operation plans through 
participatory sustainable 
forest management and 
village development

http://projects.worldbank.org/P064886/
sustainable-forestry-rural-development-
project?lang=en&tab=overview

THAILAND (11 Projects)

Zoning by Agri-Map Suitability and 
sustainable 
land use 
management

Nationwide Ministry of 
Agriculture and 
Cooperatives

2013 To deal with improperly 
land utilization and land 
use change, mostly focus 
on agricultural land.

Asses land suitability of each 
crop type and categorize 
high to moderate suitable 
areas, which are preserved 
promote and improved 
for land utilization, as 
well as cooperate with 
Land Development Act 
(Act B.E. 2551), promote 
alternative suitable crops, 
and additional support by 
compensation, new crop 
production training, and 
marketing.

http://www.ldd.go.th/web_lddapec/
PDF/30/30Nov_01%20Zoning_revise%20
(Apichart).pdf 

Marketing 
measurements

Marketing 
support

Nationwide Thai government To solve the problem of 
crop oversupply, which 
led to price decrease and 
farmers’ loss of production

Marketing measurement, for 
example, production quota, 
product price assurance
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Project Type of 
project Location Implementing/ 

Funding agency

Since / 
Period 
(Year)

Objective How to implement Website

Environmental control 
measurements

Sustainable 
agriculture 
promotion

Nationwide Thai government To reduce chemical use 
and promote safe food for 
crop production as well 
as decrease of chemical 
contamination in water 
bodies

Promote organic crop 
production and Good 
Agricultural Practice (GAP) 
by creating buffer zone to 
grow some plants that can 
absorb chemical substances

Sufficiency Economy 
Project

Support 
agricultural 
knowledge and 
inputs for farm 
activities

Nationwide, 
at district and 
provincial 
levels

Department 
of Agricultural 
Extension (DOAE) 
and Rubber 
Authority of 
Thailand (RAOT)

2006 To raise households’ 
income

Provide support for training, 
advising, and agricultural 
inputs such as seedlings, 
fertilizers, etc.

http://www.mfa.go.th/sep4sdgs/en/home

A million-bath fund for 
a village project

Financial and 
technical 
support

Nationwide, 
at village level

Thai government, 
RAOT

2002-
2017

To provide agricultural 
finance to farmers with 
knowledge in agricultural 
practices and inputs (e.g. 
fertilizer and seedlings)

Loan services with low 
interest rates, provide 
training and advices, 
agricultural inputs

http://www.raot.co.th/raot_en/main.
php?filename=index

Collaborative farm 
project (large scale 
farming)

Promotion 
of farmers’ 
collaboration

Nationwide, 
at village level

Rice Department 2016 To reinforce the farmers 
on the negotiation with 
middlemen

Provide knowledge and 
support collaboration 
among farmer groups to 
be able to negotiate with 
middlemen

http://www.ricethailand.go.th/web/index.
php

Farmer registration 
schemes

Knowledge 
and technical 
support

Nationwide, 
at district and 
provincial 
levels

Provincial 
Agricultural 
Extension office, 
RAOT

2003 To raise households’ 
income and better 
livelihoods

Provide support for training, 
advising, and agricultural 
inputs (seedlings, fertilizer) 
and reinforcement of 
farmers’ collaboration

http://farmer.doae.go.th/

Loan project Financial 
support

Nationwide at 
district level

Bank of 
Agriculture and 
Agricultural 
Cooperatives 
(BAAC)

1987 To provide agricultural 
finance to farmers

Loan services with low 
interest rates

https://www.baac.or.th/th/
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Project Type of 
project Location Implementing/ 

Funding agency

Since / 
Period 
(Year)

Objective How to implement Website

Mordin volunteers 
project

Knowledge 
and technical 
support

Nationwide at 
village level

Land 
Development 
Department (LDD)

2008 To reduce agricultural 
production costs

Provide support for training 
and advising, encourage 
a community of farmers 
to share knowledge and 
experiences on sustainable 
soil and land management

http://www.ldd.go.th/ldd_en/

Para-rubber farmer 
group & Para-rubber 
plantation 1 million rai 
project

Knowledge 
and technical 
support, 
Promotion 
of farmer 
collaboration

Nationwide 
at village, 
district, and 
provincial 
levels

RAOT, BAAC, 
Provincial offices, 
villagers

1994 To increase income and 
better livelihoods of 
rubber plantation farmers

Provide support for 
training and advising, loan 
services with low interest 
rates, agricultural inputs, 
and reinforcement of the 
farmers to negotiate with 
middlemen

 

Housewife group Knowledge 
and technical 
support

Village level DOAE, The 
Community 
Development 
Department 
(CDD)

1998 To raise household income Promote part time jobs 
to increase income of 
household

http://www.cdd.go.th/en/

VIET NAM (4 Projects)

A project of Review, 
Adjust and Modify 
for Agricultural land 
use planning and 
rural development 
in association 
with agricultural 
restructuring

until the year 2020

Policy and 
planning

An Bien 
district

Department 
of Agriculture 
and Rural 
Development 
(DARD)

 To reduce negative impacts 
of salt water getting 
from shrimp farming to 
neighboring paddy farms

Agricultural planning and 
zoning for the areas of 
monoculture rice and paddy 
shrimp farming

 

Salt-tolerant rice and 
sedge species

Climate change 
adaptation

Areas that 
have extreme 
salinity levels

Local government 
and farmers

 To increase crop 
production and income in 
salinity areas

Use salt-tolerant rice 
breeding
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Project Type of 
project Location Implementing/ 

Funding agency

Since / 
Period 
(Year)

Objective How to implement Website

Shrimp farmer 
training

Knowledge 
and technical 
support

An Bien 
district

DARD  To increase knowledge 
and support shrimp 
farmers on shrimp 
nursery construction 
and to select high 
quality post-larvae for 
purchase

Provide training courses 
on shrimp nursery and 
improved post-larvae 
selection, and construct 
shrimp nursery for 
participating farmers

 

Infrastructure 
investment for 
agricultural 
production

Infrastructure 
development

At district 
level

Local 
government

 Water control 
supporting agricultural 
productivity

Local government 
annually allocates budget 
to dredge canals, build 
pumping stations and 
culverts for salt water 
control
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6. Lessons learnt
This chapter summarizes the lessons learnt found during the implementation of this pilot study in various 
stages. These lessons learnt from the analysis results are beneficial for proving policy’s and development 
plan’s recommendations in each country and the region and those on methods and approaches will be useful 
for future project improvement.

Agricultural land use change study: Its driving forces and impacts

This	pilot	study	advantages	land	use	planning	and	decision	makers.	This study allows the national experts 
to understand not only on land use/land cover change situation in the pilot areas, but also to specifically 
examine the major cases of the region and to deeply understand the primary driving forces of the land use 
changes and their benefits and adverse on the local livelihoods in various aspects. The approaches used 
in this pilot projects can be applied to other areas that have similar nature, for example, the conversion of 
natural lands to paddy fields or other economic crops (e.g. corn and cassava) in other provinces of Cambodia, 
the increase of banana plantations in the Northern Laos, the expansion of Para-rubber plantation in the 
Northeastern Thailand, or the paddy-shrimp farming in coastal areas of Mekong delta in Viet Nam. It will be 
useful policy makers for land use planning/zoning in the future as well as mitigation measures development.

Shortcomings	of	income	for	satisfactory	living	condition	leads	to	agricultural	land	use	changes. Economic 
factors always play the most important role to local people and farmers in changing from one to another type 
of land use. Answering in all cases, most farmers indicated that the previous agricultural practices could not 
provide enough household income for the living of their families due to low production price. On the other 
hands, the current agricultural practices can provide higher profits, which make them have better household 
livelihoods. High price of crop yields influences farmers to change their agricultural land uses.

Wider	market	opportunity	occurs	in	all	study	cases;	however,	crop	prices	are	still	at	the	mercy	of	traders	
and	middlemen. The farmers in Kampong Cham province mentioned that there is only one rice broker in 
their area that make them have limited power of negotiation. It is similar to the cases of banana plantation 
in Laos and shrimp farmers in Viet Nam. Most banana farmers are contracted to sell their products to the 
foreign investors, who principally set the production prices, and most shrimp products are mainly bought in 
merchants, who directly access in the fields and set the price of products.

Land	suitability	 is	 significant	 for	 farmers’	decision	on	 land	use	changes.	For example, the investment of 
hydraulic system and ability of pumping saltwater into inland are resulted in changing to paddy-shrimp 
farming of the Vietnamese farmers along the coastal areas of Mekong delta. In case of the Thai farmers, who 
are locating in the uplands or sandy soil that have high risk to the water shortage in the dry season for paddy 
fields, decided to change to Para-rubber plantation because of less water consumption of the crop.

Neighborhood	meaningfully	and	indirectly	effects	the	decision	of	farmers	in	land	use	changes.	The farmers, 
who were harvested in their paddy fields, in Thailand observed that their neighbors were successful in rubber 
plantation, including earning higher incomes, having better quality of life, being able to stay with their family 
at their homeland. Another case shows in the rice-shrimp farming in Viet Nam when farmers cultivated 
shrimp farming, which led to salt water intrusion to their neighbors’ paddy fields

Farmers	also	adapt	themselves	to	climate	change,	however,	the	support	from	the	government	sector	is	still	
needed.	The Para-rubber farmers in Bueng Kan province and the rice-shrimp farmers in Kien Giang provine 
are the cases of choosing land use activities, which are more suitable to their lands. The farmers located 
along the coastal zone in Kien Giang province have faced the problem of salinity intrusion into their paddy 
fields during the dry season (January - May) when the seawater intrudes into the irrigation canals and river 
systems, and then reduce their rice production. Therefore, the farmers have shifted their crop calendar to 
use their lands for shrimp farming during January – early August and paddy fields during late August/early 
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September – December. Additionally, the farmers in Bueng Kan province and other upper Northeastern 
Thailand have confronted drought issue when there is no water for rice cultivation in dry season. Decrease 
water consumption, Para-rubber is a solution for the farmers to replace paddy rice cultivation in the areas. 
They also build up some small ponds for water reservation during drought period.

Farmers, however, demand supplementary supporting projects from their governments for the climate change 
adaptation. For example, the Cambodian rice farmers need the government to develop irrigation system in 
their areas because they have encountered water scarcity during the dry season that made them can grow 
rainfed rice once a year, much relying on rainfall and natural weather. The Laos banana and Thai Para-rubber 
farmers mentioned that they would like to have supports from their governments on marketing, fair contract-
farming, and organic inputs support. The rice-shrimp farmers in Viet Nam also require the rehabilitation of 
existing irrigation systems, ability in negotiating with merchants in the fields, and climate change adaptation 
measures for salinity intrusion in Vietnam Mekong delta.

Data collection

Map	data	improvement	for	agricultural	land	use	change	detection	is	required. The Cambodian expert team 
revealed that the MRC land use/land cover data, which were derived from automated classification with the 
map scale of 1:100,000 and at specific time, are not suitable for this study. More detail map data at the level 
of crop types with scale of 1:10,000 or 1:5,000. The Secretariat will propose this recommendation to regional 
LULC map update in the future. However, some questions are remaining, for example, is the proposed map 
scale suitable for regional data, will there be enough data/information as well as national capacity at the 
same level available in every country, which crop types or land uses should be separately categorized, and 
should crop calendar be being involved? 

Moreover, The Vietnam expert team found that land use data derived from the maps, the official released 
data by the government, and land use in the field were different. Therefore, they recommend that to 
analyzing land use change is necessary to combine spatial data and official released data by the government 
as well as cooperating with consultations with the local governments. The Secretariat also found that the 
LULC classification at the country level provide more details, but each country has different ways to categorize 
LULC map and applies different standards. Therefore, to generating a regional LULC data, the classes should 
be agreed and achievable by all countries

Field	data	collection	by	farmer	interview	is	quite	a	challenge.	The Lao expert team encountered a difficulty 
in collecting data from some farmers, who were not willing to share the actual information, because they 
afraid that some information could made them be caught.

Mobile	 data	 application	 is	 useful,	 but	 an	 improvement	 on	 data	 interpretation	 is	 required.	 The mobile 
application for field data collection is an add-on tool requested by the Member Countries in order to have 
a proper database and to facilitate better field data analysis as well as reducing the use of papers. This 
application also helps the Secretariat to be able to review the field data collected by each national team at 
the headquarter and provide suggestions at a time. However, the Lao expert team mentioned that the data 
interpretation is not well-functioned enough that will need further development. The Thai and Vietnamese 
expert teams also shared the same view that the mobile application is, somehow, not inconvenient for 
collecting data in the field. Both a mobile application and paper interview sheets should be used together.
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7. Recommendation

7.1. Technical recommendations and further improvement

Some technical issues encountered during the implementation of this pilot study were raised up by the 
National Expert Teams and found at the regional level. The issues include data improvement, tools and 
applications, techniques and approaches.

Map/database improvement: To improve agricultural land use monitoring, it is required more detailed LULC 
classification. The specific crop types, especially important economic crops such as maize, banana, and Para-
rubber, should separately identified. Seasonal aspect and time series should be considered. 

Moreover, the higher resolution maps and satellite images are required. The map scale of existing LULC maps 
is 1:100,000, which is not suitable for agricultural land use monitoring. The map scales of 1:10,000 or 1:5,000 
are recommended by the Cambodian expert team for more precisely change detection. However, the most 
suitable map scale for regional level should be further discussed among the four Member Countries. In sum 
up, updating the regional LULC map, four Member Countries have to discuss and agree on a suitable map 
scale and LULC classes that can be consistently provided and generated from all countries.

Case study: More case studies can be enhanced to other important economic crops such as rice-to-maize, 
rice-to-cassava, or forest-to-rubber and/or expanded other pilot areas because land use changes and their 
driving forces are different in each area. The outweighs between positive and negative impacts of the changes 
should be taken into account as well.

Questionnaire: The Vietnamese experts mentioned that some questions such as water use/requirement 
are too difficult to interview farmers. So, they suggest that those questions can be included in the focus 
group discussion or separate semi-interview with the local government or researchers. There should be the 
guidelines for various sample questions to retrieve information from farmers that can properly answer each 
question.

Mobile application for field data collection is useful and can be strengthen for regular data collection of land 
uses of local farmers. However, further improvement is still needed for some input questions and presentation 
of the results. The application transaction speed for the field survey should be improved. Furthermore, the 
results presented in graphs and charts on the online web admin should be able to export to other output 
formats such as JPEG file for the report.

7.2. Plan and policy, mitigation and adaptation measures

The farmers in all countries shared similar views of required supports by the governments for technical and 
knowledge transfer, inputs and funding, and improvement of public facilities, marketing and awareness 
raising.

Technical information and knowledge transfer: In Cambodia, the farmers require the government support 
on farming techniques, including application of fertilizer, to increase their crop yields, as well as the organic 
farming, which is unfamiliar practice for the Cambodian farmers, who have never applied the organic fertilizer 
at all to their farmlands. In Laos, the farmers need their government to promote alternative crop varieties, 
which are more suitable to their lands, that probably generate higher crop production without affecting 
land quality and environmental issues. In Viet Nam, the farmers would like their government to educate and 
provide trainings on the technique in shrimp farming such as shrimp nursery construction and high-quality 
post-larvae selection. In Thailand, there is no mention on plan and policy for further improvement in the 
national report, however, the farmer existing government projects could reveal the needs of the farmers to 
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overcome the issues of improper land utilization and management, safe food, and environmental-friendly 
agriculture by promoting agricultural land use zoning, organic farming, and GAP.

Overall, common technical information and knowledge transfer that the farmers in all countries need supports 
from the governments include;

• Assessing land suitability and introducing crops and crop varieties that are suitable for their lands;

• Training on proper techniques of farm management since the beginning of high-quality seed/seedlings 
or post-larvae selection, fertilization, organic and good agricultural practices to increase agricultural 
productions as well as minimize impact on natural resource.

Alternative farming: This was the cases in Thailand and Viet Nam when the changing from paddy fields to 
Para-rubber plantation and paddy-shrimp farming shows that the farmers have moved to alternative farming 
practices themselves due to various external factors, for example, higher income, neighbourhood effect, 
climate change adaptation, and government policy supports. In Laos, the farmers also raised the same interest 
that they need the government to introduce alternative agricultural practices such as livestock, aquaculture 
or the integrated livestock/aquaculture-agricultural farming. 

Infrastructure improvement: The farmers suggested that the government should improve infrastructure in 
order to reduce the cost of their farming product transportation. For all cases, we found that the irrigation 
system is very important in all countries. In Cambodia, Laos, and Thailand, the farmers need the government 
to construct irrigation system due to lack of water for farming during the dry season. In Viet Nam, the 
irrigation system, which is mainly surface irrigation, was already constructed and importantly used for flood 
and saltwater control, however, it would need further maintenance and rehabilitation.

Marketing and financial supports: In addition to technology and knowledge transfer, the farmers require 
their government to promote wider and more options for selling agricultural productions. In Cambodia, the 
farmers mentioned that there is only one local broker, which they cannot negotiate the price. Similar in 
other countries, the merchants and investors are mainly those who pricing agricultural productions. The 
governments should reinforce the negotiation of fair price between farmers and purchasers. In addition, to 
prevent oversupply of agricultural products that leads to lower prices, the government should evaluate the 
market situation and estimate demand against supply for each product.

Agricultural input supports: The governments would assist local farmers in supporting seeds/seedlings, 
fertilizers, nursery, climate change adapted crop varieties such as salt- or drought-tolerant rice breeding, etc.

Legal landowner: The governments should issue official land documents to farmers.
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8. Future Direction

8.1. Future plan for agricultural land use monitoring

At National level

Cambodia	expert team suggested to continue the pilot study in the same area, but select others, which are 
secondary or thirdly important options.

Lao expert team suggested to study agricultural land use monitoring in other pilot areas with new cases. Also, 
in long term, there should be technical teams for each district or province to collect field data and submit the 
data to central teams, who provide technical support to the local technicians. The data and information system 
should be regularly update and maintenance every five years. Currently, Ministry of Agriculture and Forestry 
of Lao PDR has two major activities to support land use monitoring, including 1) land cover classification 
based on FAO standard and 2) agricultural land suitability zoning.

In case of Thailand, Land Development Department is responsible for land use monitoring, especially 
generating agricultural land use maps of each province in Thailand that are regularly revised and updated 
every two years. Currently, the land use survey techniques are transferring to the local staff of LDD to monitor 
and send back data and information of land use change to the head office. 

In Vietnam, the government,  Department of Natural Resources and Environment, regularly produce land use/
land cover maps and inventory, which provides a legal basis for the government in land use management such 
as land use planning, licensing land use permission, every five years, for instance, in 2010, 2015 and 2020, 
under the requirement of Land Law and other Decrees. The remote sensing and Geographic Information 
System (GIS) are basic tools applied for agricultural land use monitoring.

At regional level

Mekong River Commission had completed land cover maps in 1997, 2003, and 2010 for different purposes 
and methods. The map of 1997 mainly focused on forest cover data, which the maps of 2003 and 2010 were 
produced for various purposes, for example, fishery production models, development planning, wetlands 
monitoring and climate change scenarios, and flood mitigation (MRC, 2015), applying different tools and 
methods. However, those maps were not definitely addressed and specifically produced for agricultural land 
use monitoring. Currently, the Secretariat is preparing an implementation plan to update LULC map of 2020, 
which agricultural land use monitoring should be taken into account for the process. The lessons learnt and 
recommendations from this pilot study, including level of classification, map scale, and time series, will be 
provided as inputs for the upcoming project.

8.2. Requirements for future study on agricultural land use monitoring

• For agricultural land use monitoring, the real land use dataset with more details of land use classes and 
bigger map scale (i.e. 1:10,000 or 1:5,000) is required. However, it may need to consider an appropriated 
regional monitoring scale and available data in the Member Countries.

• Land use classes should specifically identify crop types, especially important economic crops in the region 
(i.e. seasonal rice, maize, rubber, sugarcane, etc.) that will helpful for land use planning of the Lower 
Mekong Basin.

• The agricultural land use monitoring should be linked to future scenario assessment, considering the 
national agriculture and forestry policies, and socio-economic plan, to support market decision in the 
future. 
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• The agricultural land use monitoring should be linked to water assessment because agriculture is a main 
hydrological and hydrologic response unit to be considered, for example, water balance and flood impact.

• The natural disaster, for example, landslides and flashflood, should be monitored and assessed because it 
can be the impacts from agricultural land use changes.

• High spatial resolution, RADAR, or multi-censored satellite images are required for generating and 
updating land use/land cover maps in time series because LANDSAT images as optical sensor imagery has 
a limitation of cloud cover during the rainy season, which is an important period of crop growth stage.

• The positive and negative impacts of land use/land cover changes on the environment and local livelihood 
should be examined from regional to communal levels.
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9. From Pilot Study of ALUM to Proposed Actions for Basin-
wide Management and Development in Agriculture and 
Irrigation Sector

The mandate of the Mekong River Commission (MRC) is coordination and joint planning to achieve balanced 
and socially just development in the Mekong River Basin while protecting the environment and maintaining 
the region’s ecological balance.as defined by the 1995 Mekong Agreement. One of the most important 
agreement among the four Member Countries calls for “cooperation in all fields of development, utilisation, 
management and conservation of water and related resources to optimise the multiple use and mutual 
benefits and minimise the harmful effects.” (MRC, 1995)

Development of agriculture sector provides benefits to humans as food security, job offering from farms to 
manufacture, improve locals’ livelihoods, however, agricultural practices may somehow have harmful effects 
to water and related resources (i.e. fish). As the inter-governmental organization, MRC directly work with the 
governments of Cambodia, Lao PDR, Thailand and Viet Nam to jointly manage the shared water resources and 
the sustainable development of the Mekong River, being responsible for formulating a Basin Development 
Plan.
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This pilot study on agricultural land use monitoring allows the National Working Groups to review their 
plan and policies related to land resources management as well as social and economic development plans. 
From the lessons learnt and recommendations of the pilot study, the actions for the upcoming MRC Basin 
Development Plan and Strategy are suggested.

9.1. Advanced remote sensing and GIS technology for agricultural land use 
monitoring, planning and zoning

Utilizing the MRC land cover map 2009/2010 for this pilot study, the National Expert Teams found that the 
map is not detailed enough for agricultural land use monitoring due to too broad land use types and small 
map scale. The technique used for classification, supervised classification, may not be able to provide detail 
land use classification. Currently, MRC is preparing to update land use/land cover map 2019/2020 under the 
MRC Strategic Plan 2016-2020 and to enhance MRC’s Land Use/Land Cover Monitoring System and capacity 
to provide satellite service for the LMB.

Proposed priority actions are:
a.	 Apply	multi-sensors	approach	(Optical/SAR)	and	multi-temporal	of	satellite	images	to	improve	accuracy	

of	MRC’s	LULC	map	products

Due to a very dynamic land use/land cover and regular cloud cover in the Lower Mekong Region, the integration 
of sensory data from different sources can provide broaden advantages for data and information retrieving 
and mapping. The combination of multi-sensor satellite images, which include diverse spatial, spectral, and 
temporal resolutions, will offer more complete view of observed objects and improve rectification accuracy 
and reliability of the data interpretation. It can also overcome the weak point of one to another sensor, for 
example, if the images from optical sensors cannot penetrate cloud cover over a specific area, we can use 
images from other radar or laser sensors to replace. The high-resolution image should also be applied to 
clearly identify crop types and produce better detail land use map. However, high costs for maintenance and 
human capacity in adopting the technology should be considered.

b.	 Planning	and	zoning	areas	for	suitable	agricultural	land	use	system	and	proper	water	resource	utilization	
and	management

Several actions in connection to agricultural land use monitoring were proposed by the MCs at the regional 
working session to finalize this pilot study. A proper planning for cultivation of crops that suitable for each 
area or change of agricultural activities that require more water with less benefits to those use less water 
consumption with higher benefits. Therefore, the soil and land suitability mapping are required in order to 
achieve suitable crop assessment and provide suggestions suitable crops in specific areas. In Vietnam Delta, 
zoning areas of saltwater, brackish water, and freshwater to allocate the suitable land use system for water 
resource planning is also required.

9.2. Agriculture and irrigation system to reduce water usage and minimize harmful 
impacts to water resource

Proposed priority actions are:

c.	 	Introduce	“modernized	irrigation	and	cultivation	system”	and	study	cost	and	benefits	of	the	technology	
to	agricultural	production	improvement

The modernized irrigation system, for example, drip irrigation, fertigation technology, precision farming, 
aeroponic, hydroponic, and Agroponic, will be able to reduce water usage, apply precise fertilization according 
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to proper needs of each crop, and increase productivity. Original drip irrigation has been used in agriculture 
since the first century, however, the contemporary drip irrigation started its development as experimenting 
in a modern society in Germany since 1860 (Anonymous, 2019). Nowadays many countries, for example, 
the Netherlands, Israel, Morocco, India, Viet Nam, Etc., utilize drip irrigation/fertigation to reduce water 
consumption and fertilization and increase crop productivity. The research in India found the drip irrigation 
can double rice production comparing to those from the traditional irrigation, reduce up to 50% of water use, 
and decrease greenhouse gas emission and heavy metal uptake (NATAFIM, 2018). 

Various modern crop cultivation systems have introduced these days due to limitation of lands and soils and 
human efforts to increase crop yields, improve methods for insect and pest, nutrients uptake control, adapt 
to climate change, etc. Hydroponics, a well-known hydroculture method, which is growing plants in a water 
solvent that contains mineral nutrients solutions, instead of using soil as a growing medium (Dos Santos, J. D.; 
et al, 2013). Aeroponic, which is sometimes considered as a type of hydroponics because the method is used 
water to transmit nutrients to crop roots in an air or mist environment, without using of soil or an aggregate 
medium, or liquid nutrient solution (Stoner, R.J. and J.M. Clawson, 1997-1998). Moreover, AgroPonic system is 
“a fully integrated self-contained crop planting-bed system, which uses a continuous, seamless plastic growing 
tube and soilless growing medium, being designed to provide superior yield, immunity to soil borne diseases 
and savings in water and nutrients” (AmeriPacific, 2019). However, before selecting any irrigation and/or 
cultivation technique, farmers should understand the advantages and shortcomings of different approaches 
based on natural conditions of the areas, crop type, previous experiences, required labour inputs, costs and 
benefits (FAO, n.d.). However, in order to apply the technology, we should consider the existing knowledge 
and capacity of farmers in each area as well as the electricity capacity, and investment cost. This system may 
not be proper for small agricultural scale.

d.	 Integrate	 alternative	 agriculture	 into	 national	 and	 regional	 development	 strategies	 to	 ensure	 the	
efforts	in	reducing	environmental	degradation	for	MRC	Member	Countries

U.S. Drug and Agriculture (USDA, 2014) defines alternative agriculture as “a production that methods other 
than energy- and chemical intensive one-crop (monoculture) farming. Alternatives include using animal and 
green manure rather than chemical fertilizers, integrated pest management instead of chemical pesticides, 
reduced tillage, crop rotation (especially with legumes to add nitrogen), alternative crops, or diversification 
of the farm enterprise.” The alternative agriculture introduces better sustainable farming practice that can 
minimize the environmental impacts, for instance, decrease of soil and water contamination due a reduction 
of chemical usage and less tillage. The findings of this study show that Thai government has promoted the 
projects and programmes to encourage farmers in changing from traditional agricultural practice to organic 
farming or GAP, while in Laos and Cambodia, the farmers mentioned that sustainable farming methods have 
not much introduced to the farmers. Therefore, they need their governments to provide more information 
and trainings on this issue in their areas. The alternative agriculture can also include applying conservation 
agricultural system such as soil and water conservation measures and Agro-forestry.

e.	 	Facilitate	national	action	plans	for	to	improving	and	rehabilitation	of	infrastructure,	including	irrigation,	
hydrology	and	hydraulic	system

Improving crop production and competing natural disaster, farmers cannot only rely on rainfed agriculture 
system or natural situation. The climate change, nowadays, plays more important role in crop cultivation and 
adaptation practices of farmers to encounter with flood and drought, sea level rise and salinity intrusion. 
Therefore, it is required the governments to invest in improving and rehabilitating the major infrastructure 
that can accommodate their better living and cultivation conditions.
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9.3. Fish-friendly agriculture and irrigation

In the Lower Mekong Basin, food production, especially rice and fish, is essential to serve food security for 
population of the Lower Mekong Basin, at current around 60 million and is projected to increase around 100 
million in the next decades. Recently, according to the national development plan, each Member Country 
anticipates an increase in irrigated rice production that leads to more development of irrigation facilities such 
as dams and weirs, which could be barriers to the movement of fish throughout the basin, and more intensive 
agriculture, which consumes higher fertilizers and pesticides that affect to the aquatic and fishery organisms 
as well as higher water consumption and lower water quality of the Mekong River. The transboundary issue 
and the trade-off between agriculture and fishery and water sectors should be taken into account.

Proposed priority actions are:

f.	 Promote	a	utilization	of	regional	technical	guidelines	on	fish-friendly	irrigation	schemes	into	national	
and	regional	agriculture	and	irrigation	development	strategies.

Currently, MRC is preparing and revising the Guidelines to Prioritizing Fish Passage Barriers and Creating Fish 
Friendly Irrigation Structures, which outlines step-by-step methods for the identification and prioritization of 
all existing barriers to fish migrations and advices design, construction, and maintenance of fish passage and 
how to monitor. Priority actions related to fish-friendly irrigation and agriculture are also proposed in Mekong 
Basin-Wide Fisheries Management and Development Strategy 2018-2022 (MRC(c), 2017)

g.	 	Enhance	rice-fish	farming	or	system	in	the	existing	areas	and	expand	the	system	to	the	new	potential	
areas	in	MRC	Member	Countries

Food and Agriculture Organization or FAO (2019) stated that the rice-fish agricultural practice is widely used 
by many farmers in Asia, specially China. This co-culture technique reduces the environmental impact of 
agricultural chemicals and increase rice productivity. For example, the sustainable agricultural technique, 
introduced in Nigeria and Uganda through the South-South and triangular cooperation, doubled rice and 
tilapia production in some demonstration paddy fields, increased fish fertilization rate and fingerlings’ survival 
rates, reduced pesticide usage due to natural weed- and pest-controlling by fish, and improved farmers’ 
earnings. Similar to the case of Vietnam founded in this pilot study, rice-shrimp farming clearly demonstrated 
advantages in adapting to climate change, increasing farming income, and reducing fertilizer and pesticides 
usage.

Aside from the proposed priority actions for agriculture and irrigation management and development, the 
countries individual interested actions, which some actions such as capacity building can be integrated 
as activities under the main actions. More details are reviewed in Table 10. Moreover, to accomplish the 
requirements in improving the agriculture and irrigation management and development to minimize the 
transboundary impacts on the Mekong River, the basin-wide agriculture and irrigation management 
and development strategy should be developed and included other related sectors, for example, fishery, 
groundwater, climate change, etc., to the development process.
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Table	10:	Summary	of	proposed	priority	actions	and	scoring

No. Proposed priority action KH LA TH VN Total

Advanced remote sensing and GIS technology for agricultural land use monitoring, planning and zoning
a Apply multi-sensors approach (Optical/SAR) and multi-temporal of 

satellite images to improve accuracy of MRC’s LULC map products
2 1 3 3 9

b Planning and zoning areas for suitable agricultural land use system 
and proper water resource utilization and management (incl. 
soil and land suitability mapping, and zoning areas of saltwater, 
brackish water, and freshwater.)

2 3  3 8

Agriculture and irrigation system to reduce water usage and minimize harmful impacts to water 
resource
c Introduce “modernized irrigation and cultivation system” 

(incl. drip irrigation, fertigation technology, precision farming, 
aeroponic, hydroponic, and Agroponic) and study cost and 
benefits of the technology to agricultural production improvement

2 1 3 2 8

d Integrate alternative agriculture (incl. organic farming, GAP, 
conservation agriculture, and Agro-forestry) into national and 
regional development strategies to ensure the efforts in reducing 
environmental degradation for MRC Member Countries

1 3 2 1 7

e Facilitate the national action plans for to improving and 
rehabilitation of infrastructure, including hydraulic system and 
irrigation system

3   3 6

Fish-friendly agriculture and irrigation
f Promote a utilization of regional technical guidelines on fish-

friendly irrigation schemes into national and regional agriculture 
and irrigation development strategies.

1 2 1 1 5

g Enhance rice-fish farming or system in the existing areas and 
expand the system to the new potential areas in MRC Member 
Countries

1 2 1 1 5

Additional priortiy actions of national interest
 Education 3    3
 Good agricultural market 3    3
 Electricity security 3    3
 Loan for farmers 2    2
 Enhance farmer capacity by training data collection and data 

system for agriculture in order to support related activities
 2   2

 Promote Agro-tourism to increase farmers’ income, independent 
on middlemen, and enhance local wisdom and economy

  3  3
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1. Executive summary 
In this study, Kampong Cham province (KPC) was selected to be the Pilot Area (PA). The 

report revises Hotspots Area of Significant Land use/cove Changes (HASLC) and analyze for 
their Driving Forces (DF) and Impacts to the People Lives (IPL). The study shows the new 
province border and examines the land use change from Natural & Semi-natural vegetated 
areas (NS) to Perennial Plantation (NP) in three districts of Kampong Siem (KPS), Stung Trang 
(STR) and Chamkar Leu (CKL), its DF and IPL. 

 
KPC was officially divided into two provinces on 31 December 2013, KPC itself and Tbong 
Khum (TBK) province. Originally, KPC had its area of 738,120 ha. With the new boundary 
the KPC area is limited to only 454,902 ha which is 61.62% of the original area. The report 
studies only the new boundary of KPC with the area of 454,902 ha. 
 
During the period 1992-2010, there have been significant change in agricultural land use in 
KPC, mainly from NS to agricultural land use such as cassava, cashew, mango, paddy rice 
areas. The change was created according to the changes since 1979 when the people need land 
for their living. This change is the commend situation not only the province but in the whole 
Cambodia territory. The change was positively impact directly to the people lives in the 
province. 
 
In the report Land use 1992 and land use 2010 were used for the change analysis using 
“intersect” function in ArcGIS environment with its original format (vector shape file). This 
can be done easily because the file size is not too big. Otherwise raster analysis would be made. 
 
For the Case Study (CS) 60 pre-setting points were setup base on the hose visibility on the 
2010 satellite image. Among those for the real survey 52 were conducted because of some 
household were moved or disappeared since 2010. However after screening only 46 
questionnaire were used in this study. The survey starting from 25th Oct 2018 and completed 
on 10th Nov 2018 spread out in three districts mentioned above.  
 
For deeply analysis, a Focus Group Discussion (FGD) was organized with 8 farmers who were 
previously interviewed farmers.  This is another tool to help us to more understand of the 
situation and circumstance in this CS.  
 
As the result we found that the main driver for the change in the CS is the Institutional factor. 
Just after the year of 1979 people lives were totally change. In the previous time they could 
own nothing: land, personal property and so on. Everything for the living was provided by the 
government. They were not permitted to cut or clear forest at all.  However for today time they 
need to work support themselves. With this reason, farmer needs agriculture land for their 
lives. This change was positively impact to the people lives in the CS area. 
 
However to produce good agriculture product to support themselves they face a lot of 
difficulties. For better lives, they need support from government or Non-Government 
Organization (NGO) with any project to strengthen their productivities. On the other hand they 
need a good market as well to sell their product. But the result of the survey shows that there 
is no any project to reach support them in this situation. 
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1. Introduction 
1.1 Background and justification 
The activity on “Piloting Agricultural Land-use Monitoring” study (PALM) is funded under 
the “Project for Improving Irrigation Facilities in the Lower Mekong River Basin 
(PIIFLMRB)” by Ministry of Agriculture, Forestry and Fisheries of Japan (MAFFJ) and a part 
of the MRC Strategic Plan 2016-2020.  
 
The land use/land cover changes furthermore will be analyzed to define the hotspot areas of 
significant land use/cover changes (HASLC). That changes would be used to find out its major 
drivers in a further CS. The field survey for data collection and focus group discussion will be 
used as additional data for data analyzing on the driving forces of major agricultural land use 
changes, impacts of land use change to local people’s livelihood to provide recommendations 
on agricultural land use management for farmers, local governments and land use planners.  
 
1.2 Objective of the activity 
The objective of this activity is to understand agricultural land use change, its driving forces 
and its impacts to local people’s livelihood in the Lower Mekong Basin; and to provide their 
implication to relevant stakeholders. 
 
1.3 Summary of activity implementation  
The tasks of this activities are to: 
1. Conduct/edit mapping of LULC changes emphasized on agricultural land use the province 

in 2002 and 2010, 
2. Analyze to define the hotspot areas of changes, 
3. Select significant hotspot changes on agriculture land use for further one or two case 

studies. Example, a case that paddy field change to Para-rubber plantation in each pilot 
area. 

4. Collect HHs data help to see the differences of HHs livelihood before and after land use 
change and how these land use change can affect to their livelihood. 

5. Compare the income of HHs from different sources to qualify the change of people 
livelihood. 

6. Identifying impacts of the change to local people’s livelihood of the province. 
7. Analyzing people’s livelihood at household level to get understanding of what key 

economic activities of household and the incomes from this impact (field survey). 
8. Identify driving forces of the changes in the areas, 
9. Provide recommendations to the local farmers/people as well as local government for the 

proper land use planning. 
 
1.4 Format and Structure of the report  

1.4.1. Format 

The report was prepared in the format as follow:  

1. A4, single-spaced  
2. Standardized cover page  
3. Margin (top, bottom, left and right): 2.54 cm 
4. Heading font: Times New Roman, 12-14 pts, bold, left-aligned  
5. Body font: Times New Roman, 12 pts, justified  
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6. Page number: bottom-middle  
7. Allow one empty line before and after the section titles/headings  

1.4.2. Items in the report include:  

1. Cover page (format provided on the following page)  
2. Table of Contents  
3. List of Tables, List of Figures and List of Annexes, numbered progressively and 

systematically captioned  
4. Abbreviations and Acronyms  
5. Acknowledgements -  Executive summary  
6. Report main text  
7. References (use APA citations and format)  
8. Annexes  

 
 1.4.3. Important Remarks:   

- After completion this report will be submitted to the Planning Division of MRC.  
 

1.4.4 Structure 

The report are prepared in 11 parts in whole: 

1. Excusive summary: This part describes briefly the context of the report (page 1), 
2. Introduction: This part describes the background and justification, objective of the 

study activity summary, its implementation and  format and structure of the report 
(page 2 and 3), 

3. Overview of Agricultural Land Use in PA: This part describes about the existing 
land use in provincial level of two date: one in 2002 and the other in 2010 (updated) 
(page 3 and 4), 

4. Pilot Area: This part describes the general information and situation, agricultural land 
use in previous time, criteria selecting the KPC as PA (page 4-7), 

5. Methodology: this part describes the secondary and primary data collected, FGD, the 
way the both existing land use analyze to detect the LUC, and the way the CS selected 
(page 7-28) 

6. Result of the study: this part describes the result of the change detection of the land 
use/cover for tow dates, 2002 and 2010 in the form of map and statistical data in the 
PA, of DF and IPL in KPC province (page 28-34) 

7. Lessons Learnt: this part describes about what we leant from the field survey and 
GD (page 35), 

8. Conclusion and Recommendation: this part describes the summary of the report and 
recommendation to the stakeholder to improve the people lives (page 35 and 36) 

9. Future Direction: this part describes the future plan for agriculture monitoring and 
requirements for future study on agricultural land use issues (page 37), 

10. Reference 
11. Annex 
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2. Overview of Agricultural Land Use 
78 percent of Cambodia’s population resides in the rural areas, and around 45 percent of the 
total labor force was directly engaged in the agriculture sector in 2014. The primary 
agricultural commodity is rice. Other major crops include cassava, maize, mung bean, and 
soy bean.  As a matter of policy, the Cambodian government encourages investment in 
agriculture, diversification of agricultural products, and investment in improved irrigation and 
water control.  The sector accounted for approximately 26.7 percent of GDP in 2016.  The 
Cambodian government set a goal of exporting one million tons of milled rice by 2015, but 
actual exports totaled only at 538,396 tons.  In 2016, 542,144 tons of milled rice was 
exported.  Most of the current demand for water pumps, well-drilling machines, tractors, 
tilling equipment, rice milling, drying, and packaging equipment, fertilizers, insecticides, and 
seed comes from private agribusiness investors and NGOs. 
 
The government of Cambodia’s Industrial Development Policy, launched in 2015, included 
the goals of reducing logistic and electricity costs in food processing.  In May 2016, fees for 
loading and unloading cargo were reduced by 10% and 5% in Sihanoukville and Phnom Penh 
ports, respectively, according to government sources. 
 
There is significant potential to expand the production and processing of high yield varieties 
of rice, cassava, corn, and other crops.  Several investment projects in cassava and sugarcane 
are underway. 
 
Higher quality seeds, fertilizers, and other agricultural inputs and new technology such as 
spraying machines, pest identification drones and other equipment and training would greatly 
benefit the agriculture sector, which is only slowly transitioning from outdated and less 
productive.  The presence of an increasing number of plantations also creates opportunities 
for the establishment of processing plants to add value to basic products for export and 
domestic consumption.  As part of the government’s policy to support the agriculture 
industry, materials and equipment used in agricultural production are exempt from import 
duties.  Relatively high operating costs, including electricity, limit opportunities to establish 
processing plants. 
 
Web Resources:  
Ministry of Agriculture, Forestry, and Fisheries 
Ministry of Industry and Handicraft 
Council for the Development of Cambodia 
Cambodia Rice Federation 
  

Table 1: Estimated Cambodian Rice Export Record 
 

Rice Production and Exports 2014 2015 2016 2017 (Forecast) 

Total Paddy Rice Surplus for Export  4,709,036 4,649,702 5,110,000 NA 

Total Rice Surplus for Export  3,013,783 2,975,809 3,270,400 NA 

Total Export of Milled Rice  387,061 538,396 542,144 574,673 

Unit: In Tons 
Data Sources: Ministry of Agriculture, Forestry and Fisheries, Cambodian Rice 

http://www.maff.gov.kh/
http://www.mih.gov.kh/
http://www.cambodiainvestment.gov.kh/
http://www.crf.org.kh/
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Federation and Mekong Oryza 
Note: Figure 2017 is an unofficial estimate 

Prepared by our U.S. Embassies abroad. With its network of 108 offices across the United 
States and in more than 75 countries, the U.S. Commercial Service of the U.S. Department of 
Commerce utilizes its global presence and international marketing expertise to help U.S. 
companies sell their products and services worldwide. Locate the U.S. Commercial Service 
trade specialist in the U.S. nearest you by visiting http://export.gov/usoffices. 
 
3. Pilot Area (KPC province) 

3.1 Selection Criteria 

In this study KPC province was selected to be the pilot area. This is because of three main 
points: 

1. KPC is located almost in the center of the country with very good infrastructure. 
Because of this reason it becomes one of the most populated province (see the 
population density (table 14) of the country and long distance history. People came to 
live in the land thousand years ago and make KPC province rich with culture, heritage 
and so on. 

2. Geographically Kampong Cham lays on the Lower Mekong Basin (LMB) and 
adjacent to a portion of the river itself.  

Kampong Cham has some existing primary and secondary digital data set available for this 
study. Since 1996, some international and governmental agencies and companies such as 
JICA, MRC (Mekong River Commission). 

3.2 Figures at a Glance for Kampong Cham Province  
Table 2: Kampong Cham at a Glance (Source: 2011 Economic Census) 

 Number of Districts 17 
Number of Communes      including Sangkats  173 
Number of Villages  1,753 
Number of Establishments    56,263 
     5 persons engaged and over  3,209 
     10 persons engaged and over  1,036 
     100 persons engaged and over  34 
     1,000 persons engaged and over  4 
         One person engaged (%)  44.2 
         Two persons engaged   37.7 
     Female representative (%)  61.8 
     Cambodian owner (%)  99.7 
Tenure of business place (%)   

Owned  76 
Rented    17 
Area of business place (%)    
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Less than 10m2  47.2 
100m2 and over  7.7 
Number of Persons Engaged  143,044 
     Male  64,132 
     Female  78,912 
Number of Persons Engaged per Establishment  2.5 
Number of Establishments per km2     5.7 
Area in 2010  (km2)  9,799 
Number of Establishments per 1,000 Persons   32.2 
Projected Population in 2011 1,745,054 
Population per Establishment   31 
Number of Establishments per 1,000 Households   145.1 
Estimated Number of Households in 2011 387,790 
Number of Households per Establishment   6.9 
Number of New Establishments 19,798 
Number of Establishments of Street Business 4,029 
Annual Sales  (million USD)   716 
Annual Expenses   (million USD)  602 
Annual Profit and Loss   (million USD)  113 

 
3.3 Main GIS Layers used in this Study 

The project on “Piloting Agricultural Land Use Monitoring” in Kampong Cham province at 
the Lower of Mekong Basin (LMB) would use the land use/cover from two different years, the 
year of 2002 and 2010. 
 
JICA/PASCO produced digital land use/cover map along with other such as infrastructure, 
Irrigation system data set and so on over the whole Cambodia. This project was completed in 
2002. With this project Cambodia has a valuable geographical data set: primary digital data 
set, satellite imagery (Landsat TM, SPOT 4 – 1996 to 2000), Secondary digital data set (GIS 
data set under Coverage format), and hard copy data set of topographical map with the 
reference scale of 1:100,000. For the agricultural land use/cover 2002 in the province see 
figure 18 below. 
 
Recently, General Directorate of Agriculture (GDA) of Ministry of Agriculture Forestry and 
Fishery (MAFF) under its own project reproduced land use/cover digital map using two main 
data set, JICA land use Map (2002) and primary data of high resolution (around 1 m) 2010 
satellite imagery with the resent field survey. Land use/cover data of Kampong Cham was 
completed in 2017. So that this data is assumed reflecting the land use/cover of the province in 
the year of 2010 only. For the updated agricultural land use/cover 2010 in the province see 
figure 19 below. 
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3.4  General information and situation 

Kampong Cham (KPC) (Khmer: ខេត្តកំពង់ចាម, IPA: [kɑmpɔːŋ caːm], "Port of the Chams") 
is a province (khaet) of Cambodia located on the central lowlands adjacent to the Mekong 
river. It borders with the provinces of Kampong Chhnang to the west, Kampong 
Thom and Kratié to the north, Tbong Khmum to the east, and Prey Veng and Kandal to the 
south.  Figure 1 below shows this situation. 
 

 
 

https://en.wikipedia.org/wiki/Khmer_language
https://en.wikipedia.org/wiki/Help:IPA/Khmer
https://en.wikipedia.org/wiki/Provinces_of_Cambodia
https://en.wikipedia.org/wiki/Cambodia
https://en.wikipedia.org/wiki/Kampong_Chhnang_Province
https://en.wikipedia.org/wiki/Kampong_Thom_Province
https://en.wikipedia.org/wiki/Kampong_Thom_Province
https://en.wikipedia.org/wiki/Krati%C3%A9_Province
https://en.wikipedia.org/wiki/Tbong_Khmum_Province
https://en.wikipedia.org/wiki/Prey_Veng_Province
https://en.wikipedia.org/wiki/Kandal_Province
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KPC was officially divided into two provinces on 31 December 2013 (Figure 17 below the 
before and after border of the province). All land west of the Mekong remained Kampong 
Cham while land east of the river became Tbong Khmum province. Prior to this division, 
Kampong Cham extended eastward to the international border with Vietnam. KPC was the 
eleventh largest province in Cambodia with a population of 1,680,694, was the most 
populous province in Cambodia. Its capital and largest city is Kampong Cham. See the figure 
1 above, the new Kampong Cham province highlighted in red color. 
 
Kampong Cham means "Port of the Chams" in Khmer. Kampong means port, 
harbor. Cham refers to the ethnic Cham people (Muslim) living in the province. The 
word Kampong in Cham is shared in other Austronesian language, the Malaysian and 
Indonesian, both mean village. A symbol the province is known for is two snakes wrapped 
around each other, which located at the capital city bridge, Kampong Cham. 
 
Kampong Cham is primarily lowlands. The main river is the Mekong River which forms the 
eastern border of the province, separating it from Tbong Khmum province. 
 
Kampong Cham is subdivided into 9 districts and 1 municipality which in turn are subdivided 
into communes (khum) which are further divided into villages (phum). The request, which was 
ostensibly made in order to improve administrative efficiency in the large province, was 
approved by King Sihanuk on 31 December 2013.  
 
After splitting there are 10 districts remain in KPC. Table 3 below shows the ISO code and 
name of those disticts. 
 

Table 3. List of district name of Kampong Cham Province 
ISO Code District Khmer 

03-01 Batheay ស្រុកបាធាយ 

03-02 Chamkar Leu  ស្រុកចំការខ ើ 

03-03 Cheung Prey ស្រុកខ ើងព្រព 

03-05 Kampong Cham Municipality រកុងកំពង់ចាម 

03-06 Kampong Siem  ស្រុកកំពង់ខរៀម 

03-07 Kang Meas  ស្រុកកងមារ 

03-08 Koh Sotin ស្រុកខកាោះរូទិន 

03-13 Prey Chhor  ស្រុកព្រពឈរ 

03-14 Srey Santhor  ស្រុកស្រីរនធរ 

03-15 Steung Trang  ស្រុករទឹងរត្ង់ 
 

3.5 Agricultural Sector on KPC 
Recently the agriculture statistical data set for new KPC is not much available. So that the 
data shown below was for the previous KPC which includes both provinces Tbong Khum and 

https://en.wikipedia.org/wiki/Vietnam
https://en.wikipedia.org/wiki/Kampong_Cham_(city)
https://en.wikipedia.org/wiki/Khmer_language
https://en.wikipedia.org/wiki/Cham_people_(Asia)
https://en.wikipedia.org/wiki/Khum
https://en.wikipedia.org/wiki/Phum
https://en.wikipedia.org/wiki/Batheay_District
https://en.wikipedia.org/wiki/Chamkar_Leu_District
https://en.wikipedia.org/wiki/Cheung_Prey_District
https://en.wikipedia.org/wiki/Kampong_Cham_Municipality
https://en.wikipedia.org/wiki/Kampong_Siem_District
https://en.wikipedia.org/wiki/Kang_Meas_District
https://en.wikipedia.org/wiki/Koh_Sotin_District
https://en.wikipedia.org/wiki/Prey_Chhor_District
https://en.wikipedia.org/wiki/Srey_Santhor_District
https://en.wikipedia.org/wiki/Steung_Trang_District
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new KPC. However it can reflect the real situation of the new one as well. This data-set will 
show up how important agriculture sector for the KPC province and KPC people. 
 

3.5.1 Agricultural land and cultivated area (total & by crop type): 
 

Table 4. Cultivated Area in KPC 
Name of Crop Cultivated area (Ha) Yield 

(Ton/Ha) 
Total Production (Ton) 

Rice (Dry + Wet) 217,853 3.532 769,399 Ton 
Subsidiary and industrial crops 152,815 N/A 1,605,826 
Fruit and permanent crops 42,367 N/A N/A 
Total 413,035 – – 
 

3.5.2 Irrigation Area 
 

Table 5. Canal Number and its Covered Area 
Big Scale: 1 (Covered area : 5000 ha up) 
Medium Scale: 111  (Covered area : 500 ha  up) 
Small Scale: 493  (Covered area from 200 to 500 ha) 
Total 605 

 

Main Canal: 85 lines    (224. 3km) 
 

3.5.3 Crop production  
 

Table 6. Crop Production: Rice, fruits, vegetable, etc. 
Type of Crop Cultivated Area (ha) Production Amount (Ton) 
Subsidiary and industrial crops 152,815 1,605,826 
– Maize 13,251 46,183 
– Yellow Maize 7,603 27,991 
– Cassava 60,718 1,318,109 
– Sweet Potato 1,980 12,779 
– Vegetables 9,002 91,168 
– Mung Bean 9,226 6,137 
– Peanut 3,902 4,528 
– Soya Bean 20,950 28,283 
– Sesame 15,812 9,615 
– Sugar Cane 2,028 48,435 
– Jute 9 14 
– Tobacco 8,334 12,584 
Fruits and permanent crops 42,367 N/A 
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– Banana 10,160 N/A 
– Cashew 25,422 N/A 
– Coconut 1,204 N/A 
– Longan 34 N/A 
– Mango 2,391 N/A 
– Milk fruit 69 N/A 
– Sapodilla 123 N/A 
– Durian 563 N/A 
– Jackfruit 647 N/A 
– Custard apple 247 N/A 
– Orange 392 N/A 
– Coffee 26 N/A 
– Rambutan 468 N/A 
– Guava 70 N/A 
– Pineapple 32 N/A 
– Black pepper 519 N/A 
– Palm tree (trees) 12,455 (trees) N/A 

 

3.5.4 Type of soil in KPC 
 

Table 7. Type of soil in the KPC 
Plain: 270,000 ha 
Flooded: 312,860 ha 
Red soil: 97,000 ha 
Forest area: 300,000 ha 

 

3.5.5 Number of concession and concession area 
 

Table 8. Number of concession and concession are (Ha) 
No. Company Use Size 

(ha) 
1 Agrostar Investment Cashew-apple plantation and animal 

husbandry 
2,400 

2 Men Sarun Import Export Rubber plantation and other crops 4.400 
3 Mieng Ly Heng Investment Para rubber plantation 3,000 
4 TTY Industrial Crops Development 

Import-Export 
Tapioca (cassava) plantation 1,070 
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5 Vannma Import-Export Co., Ltd. Officianarum (sugar cane9 and 
Tapioca (cassava) 

1,200 

 

3.5.6 Forestry 
Forestry area: Total: 192,208 ha, Number Forest community: 1,783 
 

3.5.7 Fishery 
 
Table 9. Fishery production amount: saltwater and freshwater (Ton) 

Type of Fish Name of Fish Production Amount 
Saltwater fish N/A None 
Freshwater fish N/A 25,000 tones 
Middle scale fisheries: 7000 tons, Family fisheries:9,500 tons, Rice field fisheries: 8,500 
tons 
fishing lots: Total fish catch/ year 7020 tons/ year 
 

3.5.8 Aquaculture production 
 

Table 10. Aquaculture production 
Type of Product Production Amount  
Inland fish 2,500 tons 
Total 2,500 tons 
Fingerling 3,500 Heads 

 

3.5.9 Rubber plantation area 
 

Table 11. Rubber Plantation Area and Related HH 
State Household 

Location Plantation area (ha) Location Plantation area (ha) 
Supeamcheng 1,910.77 Kroch Chmar 1,119.70 
Beoungket 7,300 Tbong Kmom 2,555.78 
Tapao 4.585.54 Soung 3,416.05 
– – Stung Trong 7,608.09 
– – Chamka Leu 1,221.47 
Total 47,049.46 Total 63,546.39 

 
Source:  the link “http://www.cambodiainvestment.gov.kh/kampong-cham-province.html” 
 

3.6 Agricultural Land Use Change (LUC) 
The following review is made only within the new KPC boundary. In new KPC there was a 
significant change in land use/cover within resent 8 years between the years of 2002 and 2010.  

http://www.cambodiainvestment.gov.kh/kampong-cham-province.html
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3.6.1 Main Agriculture Production in KPC 

This section will shows analyzed bar chat in relation with main agricultural crop to its 
associated area. Again due to this chart was created based on agricultural crop (table 6 above).  

 
 
From the figure 2 above, the main top 5 crops in KPC is (describe in order top-down): 

1. Subsidiary and industrial crop (such as rubber…), 
2. Cassava, 
3. Fruit and permanent crop, 
4. Cashew, and 
5. Soya been. 

 
3.6.2 Agricultural Land Use Change  

Generally the LULC change is made not in order or followed any functionality but was done 
in a complicated ways base on its environmental factors called Change Driver (CD). For 
example, forested area can be changed to any other land use type such as agriculture land or 
grassland/shrub-land or still remains the same (not follow any order at all). In some cases the 
changed grassland or shrub-land could be changed back to agricultural land based on its CD in 
particular location. See the figure 3 below for more demonstration. 
 

 
Figure 3: the way LU changed with the CD 

 
(Source: own interpretation) 
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Since there is not enough data available to review the LUC in KPC the country data would be 
used instead.  
 
In Cambodia there was a civil war (since 1960’s) and following by Khmer Rouge time (1995-
1979). During this period, all social activities was the worst, no market, no business, no 
money, no business, no logging, no personal properties… and almost no lives. So in this 20 
year time the forest left untouched everywhere in the country its area covering about 
13,860,133 ha which was about 76 % of the country entire area (forest cover 1976 map, 
figure 4). 

After 1979, the country was recovering. All social activities gradually getting better including 
forest logging activities. As result, almost 20 year latter the forest area reduced to about 
10,643,397 ha in 1997 throughout the country (forest cover 1997 map, figure 4) which is 
about 58% of the country entire area. 
 
So during 20 years of recovering time about 3,216,754 ha was lost which represents 18% of 
the country entire area. This area was converted to the other type of LU followed the 
procedure in figure 3 above.  
 
 In the trend, the forest might continue to shrink if it would left without any protection. 
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Figure 4: Forest Cover Map of Cambodia 

 

3.7  Driving forces of Agricultural Land Use Change 
For this section due to there is not enough data available for KPC the entire data for the 
country would be used to empathize on the area.  

3.7.1 Soil and Soil Fertilities 
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Soil and soil fertility in KPC are capable the most for agriculture culturing.  
 
Mainly there are 10 classes of soil in KPC. Nature created them for agriculture purpose to 
support lives. Even those they are different in characteristic and name, they are capable for a 
group of plant such as paddy, annual crop, upland crop and fruit tree. Those soil type are 
Alluvial Lithosols, Alluvial Soils, Hydromorphics (both brown and gray) and Regurs. They 
cover about 70 % of the KPC entire area (table 12, and figure 5). 
 
Following are Latosols and Red-yellow Podzols. There are capable for subsidiary and 
industrial crop (rubber tree, etc). These kind of soil cover about 22% of the KPC entire area 
(table 12). 
 
The last one and capable for everything not only for agriculture, it is water surface area 
(Great Lake in the table 12) accounting about 8% of the KPC entire area. Some part of it is 
Mekong River itself. Some other is used for reservoir in dry season for cultivation dry season 
rice. 

  
Table 12: Soil Type in KPC (abstracted for soil shape file data, Cambodia, figure 5) 
No KPC' Soil Type Area (ha) Khmer Name Percentage

1 Alluvial Lithosols 90,935 ល្បាប់ 20

2 Brown Alluvial Soils 17,599 ល្បាបល់្បាយកណ្តេ ង 4

3 Brown hydromorphics 7,825 ដីស្រែជាំទឹកណ្នោ ត 2

4 Cultural hydromorphics 37,802 ដីស្រែបាតដ់ាំបង 8

5 Great Lake 36,397 ទឹក 8

6 Grey hydromorphics 7,495 ដីស្រែជាំទឹករបណ្ េះ 2

7 Lacustrine Alluvial Soils 58,598 ល្បបបភ់ក់ 13

8 Latosols 82,342 ដីរកហម 18

9 Red-yellow podzols 17,452 ដីករហម-ណ្ល្បឿងមនិជាំទឹក 4

10 Regurs 98,456 ដីឥត 22

Total (ha) 454,901 100  
 
Beside the soil type looking at the soil vertility the soil verlility map (figure 5) shows that 
majority part of the KPC entire area are high fertilities (lifght green color). It accounts about 
85% of the area. Following the midium fertilities (brown color) accounting about 10%. Only 
about 5% is less fertilities (yellow color). However this kind of land can be treated for 
cultivation.  
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Figure 5: Soil Types and Soil Fertility Map of Cambodia 

 

 
3.7.2 Rainfall, Dry Period and Temperature Patterns 

A nother factors infecting the agriculture activities directly also amount of rainfall, dry period 
(drought) and temperature ranging.  
This section will compare based on data availability the amount of water crop needs, the crop 
sensitivity to drought and suitability range of temperature best for crop in KPC. 
 
Cambodia is located in tropical regime of the globe Latitude of 10 to 15 degree north. This 
mean that the country is characterized with high humidity with lot of rain water. In KPC the 
rainfall is ranged from 1400 mm to 1800 mm (Map in figure 6). This a mount of water is 
enough for almost local crop requirement, 400 mm to 1600 mm (table 13). 
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The drying period is also directly effecting the local crop. In KPC about 80% of its entire area 
has longer wet period more than 8 months a year (Map in figure 6) shows that the dry period 
is less than 4 month a year showing light green color). On the other hand about 20% that 
characterized with shorter wet period less than 8 months a year (the map shows light-yellow 
color, dry period more than 4 months a year). However, this period is quite long enough for 
almost every annual and upland crop in the area. 
 
From the same rainfall map, the temperature data is also available for KPC. It shows that the 
average temperature is about 27.5oc. This is just right condition for agriculture activities in 
the area. 
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Figure 6: Rainfall, Temperature Pattern and Dry Periods Map, Cambodia 
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Table 13: Indicative Values of Crop Water Needs and Sensitivities to Drought 

Alfalfa 800-1600 low-medium
Banana 1200-2200 high
Barley/Oats/Wheat 450-650 low-medium
Bean 300-500 medium-high
Cabbage 350-500 medium-high
Citrus 900-1200 low-medium
Cotton 700-1300 low
Maize 500-800 medium-high
Melon 400-600 medium-high
Onion 350-550 medium-high
Peanut 500-700 low-medium
Pea 350-500 medium-high
Pepper 600-900 medium-high
Potato 500-700 high
Rice (paddy) 450-700 high
Sorghum/Millet 450-650 low
Soybean 450-700 low-medium
Sugarbeet 550-750 low-medium
Sugarcane 1500-2500 high
Sunflower 600-1000 low-medium
Tomato 400-800 medium-high

Crop Crop water need 
(mm/total growing 

Sensitivity to drought

 
Source: http://www.fao.org/docrep/S2022E/s2022e07.htm 
 

3.7.3 Geographical Relief 
Geographically KPC lays in center of Mekong River Basin. It is high-up ranging from 2m to 
200 m above mean sea level. The portion from 2 m to 30 m accounting about 70%, following 
is  from 30 to 70 m- about 20% and then from 70 m to 200 m- about 10% (Geographical Relief: 
Elevation map, figure 7). This figure shows that the majority part KPC is situated on the 
elevation around 30 m and capable to a range of agriculture crops and trees: paddy, cashew, 
pepper, soybean, rubber, etc.  
 
In term of slope, KPC is almost lays on flat surface. The flat section with the slope varying 
from 0 to 2 degree account about 98% (Geographical Relief: Slop map, figure 7). It is almost 
the entire area of KPC. This mean that any physical land treatment no need to be applied for 
agricultural activities in KPC. 
 

 
 
 
 
 
 
 
 
 

source:%20http://www.fao.org/docrep/S2022E/s2022e07.htm
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Figure 7: Geographical Relief and Slop Map, KPC 

 
 

3.7.4 Population Density 
People is a component to form what we call “Agriculture”. So agriculture activity is very 
much depend on population size. And the people engaged with agriculture activities called 
“farmer”. In Cambodia 80% of the people are farmers. The more farmer the most agriculture 
activities in the area. The more farmer the more land needed. 
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 KPC is one of the most populated province in the country. In 1998 its population density was 
164 person/km2 and increased to 172 person/km2 in 2008 just after Takeo: 237 person/km2, 
Kandal: 235 person/km2 and Sihanoukville- 230 person/km2 in the same year (table 14: 
Population Density). 
 
As well as in NIS database shows that the population density in KPC varied from 100 
person/km2 to 300 person/km2 in commune level in 2005 (figure 8: Population Density) 
 
This figure shows that agricultural land was/is the first priority farmers seeking for. 
 

Table 14: Population Density Cambodia 
 

 
 
 
 
 
 

 Area (KM2) Population 2008 Pop-Density  
(Person/Km2) 2008 

1998 

Cambodia 
 

181,035* 13,388,910 75 64 

Provinces     

Banteay Meanchey  6,679         678,033                 102   86  
Battambang  11,702     1,024,663                   88   68  
Kampong Cham  9,799     1,680,694                 172   164  
Kampong Chhnang  5,521         471,616                   85   76  
Kampong Speu  7,017         716,517                 102   85  
Kampong Thom  13,814         630,803                   46   41  
Kampot  4,873         585,110                 120   108  
Kandal  3,568     1,265,085                 355   301  
Koh Kong  11,160         139,722                   13   12  
Kratie  11,094         318,523                   29   24  
Mondul Kiri  14,288           60,811                     4   2  
Phnom Penh  290     1,325,681              4,571   3,448  
Preah Vihear  13,788         170,852                   12   9  
Prey Veng  4,883         947,357                 194   194  
Pursat  12,692         397,107                   31   28  
Ratanak Kiri  10,782         149,997                   14   9  
Siemreap  10,299         896,309                   87   68  
Sihanoukville  868         199,902                 230   179  
Stung Treng  11,092         111,734                   10   7  
Svay Rieng  2,966         482,785                 163   161  
Takeo  3,563         843,931                 237   222  
Oddar Meanchey  6,158         185,443                   30   11  
Kep  336           35,753                 106   85  
Pailin  

  
803           70,482   

  

                88   29  

  
. *Includes area of Tonle Sap Lake (3,000 Km2) 
 Source for area figures: Ministry of Interior 
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Figure 8: Population Density Map 
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3.7.5 Poverty Level 
From the poverty level map (figure 9), the poverty rate in KPC took up the portion of 25% to 
75% poor in 1998. This is the time farmer sought for more farm land for their living. 

 
Figure 9: Povertyt Level Map 
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3.8 Impacts of Agricultural Land Use Change 
The remarkable agricultural change in KPC was the change from Natural & semi-natural 
vegetated areas to Perennial Plantation (NP) is that the related forest area (shrub land, 
natural grassland, deciduous forest and evergreen forest) maybe totally disappeared from 
the province up to these days. On the other hand, this situation would create a lot more 
agricultural land for farmers in the region, thus improving their daily living. However 
having only farm land does not mean they have enough for living. Better lives depend 
their performance and other factors affecting to the activities as well. 

3.8.1 Market oriented 

Today’s Agriculture activities in Cambodia as well as in KPC are driven by market demand 
of agriculture product. Usually Farmers make decisions for choosing crop type for their farm 
because of this demand. This option is not ensure that farmer can come up with the benefit 
even those they successfully produced their crop. Market demand seem to be high at the 
beginning stage. But at the final stage this demand dramatically dropped down, making the 
price rate of their product became low. After selling the product they did not have enough 
money to recover the expenditure cost. The expenditure cost normally they borrowed from a 
bank (ACLEDA, PRASAC Microfinance Etc.). In this unsecure market, they were/are faced 
to lose their farm land back to those lender. According to our assessment there were about 
43% of the farmer in KPC living in this situation (figure 10). 

 
Figure 10:  Agriculture Market Security (Source: Own assessment) 

 
 

Figure 11 below shows that almost every year, 35% of the farmer were/are living with deficit 
(deficit 9% and less benefit (less than 1,000 US$)). This group was likely to become poor 
farmer. Then 24% were with medium benefit (1,000 USD to 2,000 USD) and 41% with 
higher benefit (more than 2,000 USD). 
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Figure 11: Benefit from Agriculture in KPC (Source: own assessment) 

 
 

3.8.2 Agriculture Activities and Labor in KPC 

In KPC, in their agriculture activities, most of farms used labor to help. From the survey 
result, 67% of them had to hire labor for their production (family + labor), even about 9% 
completely used labor for the activities (only labor used), about 24% did not use outside labor 
(only family) (figure 12). 

 
Figure 12: Labor and Agriculture Activities (Source: own assessment) 
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Recently, In KPC, youth labor are to migrate from agriculture to nonfarm activities, to 
migrate from rural to urban area or even to migrate outside of the country. For instance, they 
become garment factory labor (most women labor), construction labor (young man labor). 
Thus the agriculture wage increased by a factor of four in the past 10 years (Economic and 
Sector Work, Report No.96306-KH, May 19 2015). This situation led to two consequences: 

1. Farmer could not have their farm done properly. They end up with low yield and less 
production. 

2. Farmer could not manage the land at all. They end up with selling the land to others 
farmer with bigger farming scale. So the small farmer became smaller the big became 
bigger (own assessment). 

 
3.8.3 Irrigation System in KPC 

Generally in KPC do not have enough irrigation system to help farmers to increase their 
productivities. About 93% of their planting activities was with non-irrigation, only about 7% 
with it (figure 13).  
 

Figure 13: Irrigation Situation (1) in KPC (Own assessment, 2018) 

 
 

Thus the cultivation in the area was mainly based on rain water in wet season only (lasting 6 
to 8 months/year). Figure 14 shows that about 89% of the farmer, their cultivation base on 
only rain water (rain-fed). Resulting in limiting the famer to do only one time cultivation a 
year. Figure 15 shows that 80% of farmer in the area cultivated only one time a year. 
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Figure 14: Irrigation Situation (2) in KPC (own assessment, 2018) 

 
 

Figure 15: Cultivation Pattern in KPC (own assessment, 2018) 
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4 Methodology  
Figure 16 below shows the general diagram of the methodology used in this study. 
Because of that originally both data, LULC 2002 and 2010 used for this study were 
selected from JICA dataset. Their LULC classes are different from what would be used 
in this analysis. Thus a LULC classification conversion is needed before hand.  

The table 15 shows the conversion LULC classes from JICA system (40 classes, field 
“JICA CODE”) into FAO LULC classification system (19 classes, field “LCCODE”) and 
regrouped into 7 group classes (field “GROLA”). The entire analysis for this study would 
be based completely on the 7 group classes in the field “GROLA”. 

The original land use/cover classification and their description can be found in appendix 
with this report. 

Figure 16:  

 

1. Both, LULC 2002 and 2010 are reclassified in to 7 classes (table 14), after that 
2. Both reclassified LULC 2002 and 2010 were overplayed using “Identity” function in 

ArcMap environment. As the result of the overlay, a LUC 2002-2010 is received with 
43 classes, then 

3. A case study was selected, the remarkable LUC for both LULC data, 
4. A field survey was conducted to find out the drivers causing this situation to happen, 

finally 
5. Consequent Impacts to the people lives were also analyzed. 
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Table 15: Land Use Class Conversion to Group Class  
JICA CODE JICA Label JICA Class Name JICA CODE GROLA Label LCCODE LCCS

1 U Settlement 1 U UA 11 Urban Area

2 I
Infrastructure (Airfield, 
playground, cemetery etc.) 2 U UA 11 Urban Area

3 Ar Paddy field 3 PR PR 5 Paddy Rice

4 Al
Receding and Floating rice 
fields 4 PR PR 5 Paddy Rice

5 Au Field crop 5 C AC 4 Annual Crop

6 As
Swidden agriculture (Slash 
and burn) 6 C SC 6 Shifting Cultivation

7 et Orchard 7 P Or 7 Orchard

8 Ap
Plantation (Rubber 
plantation) 8 P I/I 13 Industrial Plantation

9 Av Village garden crop 9 C A/A 4 Annual Crop
10 Ag Garden crop 10 C AC 4 Annual Crop
11 Arv Paddy field with villages 11 PR PR 5 Paddy Rice
12 G Grassland 12 N GR 9 Grassland

13 Ga
Abandoned field covered 
by grass 13 N GR 9 Grassland

14 Gf Flooded grassland 14 N GR 9 Grassland
15 Gs Grass Savannah 15 N GR 9 Grassland
16 Gm Grass with termite mounds 16 N GR 9 Grassland

17 Ms Marsh and swamp 17 N M/S 20 Marsh/Swamp Area
18 S Shrubland 18 N SH 10 Shrubland

19 Sa
Abandoned field covered 
by shrub 19 N SH 10 Shrubland

20 Sf Flooded shrub 20 N SH 10 Shrubland

21 St
Woodland and scattered 
trees (C < 10%) 21 N SH 10 Shrubland

22 Fe
Evergreen broad leafed 
forest 22 N BE 15

Broadleaved 
Evergreen Forest

23 Fc Coniferous forest 23 N CoF 18 Coniferous Forest

24 Fd Deciduous forest 24 N BD 14
Broadleaved 
Deciduous Forest

25 Fdo
Dry Deciduous (Open) 
forest 25 N BD 14

Broadleaved 
Deciduous Forest

26 Fx
Mixed forest from 
evergreen and deciduous 26 N BD 14

Broadleaved 
Deciduous Forest

27 Fr Riparian forest 27 N BD 14
Broadleaved 
Deciduous Forest

28 Fs
Bamboo and Secondary 
forests 28 N BaF 17 Bamboo Forest

29 Ff Flooded forest 29 N FF 8 Flooded Forest
30 Fm Mangrove forest 30 N Mn 19 Mangrove
31 Fmd Degraded mangrove forest 31 N Mn 19 Mangrove
32 Fp Forest plantation 32 N FP 16 Forest Plantation
33 Wl Lakes (>8 ha) 33 W WA 23 Water Body
34 Wp Lakes (<8 ha) 34 W WA 23 Water Body
35 Wr Reservoir 35 W WA 23 Water Body

36 Ws
Shrimp/Fish farming and 
Salt pan 36 W AQ 21 Aquaculture

37 Wo Others (Sea, Bay, etc.) 37 W WA 23 Water Body
38 B Barren land 38 B BS 12 Bare Soil
39 Bs Sand bank 39 B BS 12 Bare Soil
40 Br Rock outcrop 40 B BS 12 Bare Soil
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4.1  Data collection  
Below is a list of primary and secondary data of KPC already collected for this study. 

1. New Kampong Cham Province Boundary, figure 17: “New Kampong Cham 
Boundary vs Old Kampong Cham Boundary”, 

2. NIS (National Institute of Statistics of Cambodia/ Ministry of Planning) data: 
Population size and HH number by provinces, source:  “MoP, NIS_Cambodia Inter-
censal Population Survey of Cambodia 2013”, 

3. JICA landuse 2002, under Recognizant Survey Project (RSP) 
4. Land Use / Cover 2010 was updated from JICA Land Use/Cover 2002 under internal 

GDA project and implemented by Land Use Zoning Office (AZO) in 2017. The 
project use JICA Land Use/Cover 2002, Satellite Imagery 2010 and field survey in 
2017.  

5. SPOT 5 Imagery 2002, 
6. Topographical Map, JICA 2002, 
7. High resolution Imagery 2010, source USGS 

 
4.1.1 New Kampong Cham Province Boundary 

Kampong Cham province is located in the most Lover Mekong Basin and adjacent directly to 
Mekong River. It bordered with six provinces of Kampong Thom, Kampong Chhnang, 
Kandal, Preyveng, Tbong Khum and Kratie. In 2013, it was spitted into two provinces: 
Tbong kmum and Kampong Cham itself.  With the new boundary it has its area of only 
454,902 Ha. Figure 17 below shows this situation titled “New Kampong Cham Boundary vs 
Old Kampong Cham Boundary”. 
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Figure 17: New KPC boundary 
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4.1.2 Population size and HH number by provinces 
 

Source:  “MoP, NIS_Cambodia Inter-censal Population Survey of Cambodia 2013”, 
 

Table 16. Number of Households and Population by Sex, Cambodia and Provinces 
Cambodia/ Province  Number 

of House- 
holds  

Population   Average  
Household 

Size  Both Sexes  Males  Females  Sex 
Ratio  

Cambodia  3,163,226  14,676,591  7,121,508  7,555,083  94.3  4.6  
Provinces              
Banteay Meanchey  161,423  729,569  354,604  374,965  94.6  4.5  
Battambang  230,304  1,121,019  557,164  563,855  98.8  4.9  
Kampong Cham  403,628  1,757,223  836,965  920,258  90.9  4.4  
Kampong Chhnang  111,355  523,202  250,548  272,654  91.9  4.7  
Kampong Speu  157,982  755,465  363,337  392,128  92.7  4.8  
Kampong Thom  149,404  690,414  333,979  356,434  93.7  4.6  
Kampot  136,148  611,557  303,709  307,849  98.7  4.5  
Kandal  238,435  1,115,965  538,040  577,924  93.1  4.7  
Koh Kong  25,658  122,263  61,319  60,944  100.6  4.8  
Kratie  73,050  344,195  167,425  176,770  94.7  4.7  
Mondul Kiri  15,251  72,680  37,098  35,582  104.3  4.8  
Phnom Penh  352,702  1,688,044  816,145  871,900  93.6  4.8  
Preah Vihear  48,242  235,370  116,737  118,633  98.4  4.9  
Prey Veng  255,960  1,156,739  557,793  598,946  93.1  4.5  
Pursat  96,284  435,596  208,292  227,305  91.6  4.5  
Ratanak Kiri  36,178  183,699  91,265  92,434  98.7  5.1  
Siem Reap  189,708  922,982  447,089  475,893  93.9  4.9  
Preah Sihanouk  51,955  250,180  123,007  127,173  96.7  4.8  
Stung Treng  25,359  122,791  62,149  60,641 T 102.5  4.8  
Svay Rieng  130,972  578,380  286,073  292,307  97.9  4.4  

 
4.1.3  JICA LULC 2002, under Recognizant Survey Project (RSP) 

 
4.1.3.1 GIS Data (spatial and attribute data) 

 
This is a GIS digital data in shape format produced by JICA team under Reconnaissance 
Survey Project (RSP). Ministry of Public Works and Transportation (MPWT) of Cambodia 
and Japan International Cooperation Agency (JICA). The data was produced base on the 
scale of 1:100,000 so that the world object smaller than 4 ha was excluded from the dataset. 
The project was completed in March 2003. Its original land use classification was converted 
in to the format used in this project, 19 classes FAO format, and merged in to a group of 7 
groups. Figure 18 below show the land use data only in Kampong Cham province within its 
new border using 7 group classification. 
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Figure 18:  
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4.1.3.2 Meta data 
Originally JICA Land Use/Cover 2002 was produce in UTM, Zone 48, unit meter, Indian 
60 datum. Now it was converted into UTM, Zone 48, Unit meter, WGS 84 datum for 
compatibility used along with the other data. 
 
Table 17: Metadata of JICA Land Use/Cover 2002 

Directory name  Land use/cover 
Hierarchy level  Data set  
Title  ALU_Kampongcham_KH_02 
Creation date  2002 
Publication date  2003  
Edition  E01 
GIAI title  Land use/cover all over Cambodia GIS Data  
Presentation form  Map Digital  
Abstract  The layer was produced by JICA team under 

Cambodia Reconnaissance Survey Project 
starting in 1996 and completed in 2002. 

Maintenance and update frequency  As Needed  
Theme keywords   Land use (land use/cover)  
Place keywords  Whole Cambodia, Lower Mekong Basin  
Access constraints  Free access 
Use constraints  Copyright  
Use limitation  The Mekong River Commission makes no 

warranties about this data and disclaims all 
responsibility and liability for all expenses, 
losses, damages and costs which may be 
incurred as a result of the data being inaccurate 
or incomplete in any way and for any reason. 
The data contained herein do not imply the 
expression of any opinion whatsoever on the part 
of the Mekong River Commission concerning 
the legal status of any country, territory, city or 
area or of its authorities, or concerning the 
delineation of its frontiers or boundaries.  

Spatial representation type  Polygon  
Denominator  50000  
Topic category code  Land Cover Type  
Temporal extent begin date  2017-01-01  
Temporal extent end date  2017-12-10 
North bound latitude (DD) 12.502434 
South bound latitude (DD) 11.733208 
West bound longitude (DD) 104.819398 
East bound longitude (DD) 105.776431 
Reference system info  WGS_1984_UTM_Zone_48N  
Distribution format  Shape  
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4.1.4  Land Use/Cover 2010 
 

4.1.4.1 GIS data (Spatial and Attribute table) 
Land Use / Cover 2010 was updated from JICA Land Use/Cover 2002 under internal GDA 
project and implemented by Land Use Zoning Office (AZO) in 2017.  
Because it was updated from JICA land use/cover 2002. Again the base scale of the data is of 
1: 100, 000 and its smallest map-able area is of about 4 Ha. Its original land use classification 
was converted in to the format used in this project, 19 classes FAO format, and merged in to 
a group of 7 groups. Figure 19 below show the land use data only in Kampong Cham 
province within its new border using 7 group classification. 
 

Figure 19: 
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4.1.4.2 Meta Data 
 

Land Use / Cover 2010 was updated from JICA Land Use/Cover 2002 under internal 
GDA project and implemented by Land Use Zoning Office (AZO) in 2017. The 
project use JICA Land Use/Cover 2002, Satellite Imagery 2010 and field survey in 
2017.  
 

Table 18: Metadata of Updated Land Use/Cover 2010 
Directory name  Agricultural land use  
Hierarchy level  Data set  
Title  ALU_Kampongcham_KH_10 
Creation date  2017-12-10  
Publication date  Only internally used 

(AZO/DARM/GDA/MAFF)  
Edition  E02 (Updated from JICA dataset 2002) 
GIAI title  LMB ALU Data  
Presentation form  map Digital  
Abstract  The layer was updated using JICA Land use map 

in 2002, Satellite Imagery 2010 and Field 
checking in 2017 by 
(AZO/DARM/GDA/MAFF)  

Maintenance and update frequency  As Needed  
Theme keywords  Agricultural Land Use  
Place keywords  Kampong Cham Province, Cambodia, Lower 

Mekong Basin  
Access constraints  License  
Use constraints  Copyright  
Use limitation  The Mekong River Commission makes no 

warranties about this data and disclaims all 
responsibility and liability for all expenses, 
losses, damages and costs which may be 
incurred as a result of the data being inaccurate 
or incomplete in any way and for any reason. 
The data contained herein do not imply the 
expression of any opinion whatsoever on the part 
of the Mekong River Commission concerning 
the legal status of any country, territory, city or 
area or of its authorities, or concerning the 
delineation of its frontiers or boundaries.  

Spatial representation type  Polygon  
Denominator  50000  
Topic category code  Land Cover Type  
Temporal extent begin date  2017-01-01  
Temporal extent end date  2017-12-10 
North bound latitude (DD) 12.502434 
South bound latitude (DD) 11.733208 
West bound longitude (DD) 104.819398 
East bound longitude (DD) 105.776431 
Reference system info  WGS_1984_UTM_Zone_48N  
Distribution format  Shape  
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4.1.5  SPOT Satellite Imagery 2002 
 

This imagery was used for land use/cover 2002 interpretation. See the figure 20 below: 
 
 

Figure 20: 
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4.1.6  High resolution Imagery 2010, source USGS 
 

This imagery was used for updating land use / cover 2010 (field update 2017). See 
figure 21 below: 

 
 

Figure 21: 

 
 
4.2. Focus group discussion  
The focus group discussion is organized on the 10th December 2018 leading by Mr. Teng Peng 
Seang. This is another tool to help us to more understand of the situation and circumstance in 
this case study (NP and/or NU). There are 12 participants for the group, 7 farmers from the 
same case study area, 3 people from the group discussion team, one person representative of 
National Mekong Committee, one agricultural district expert. The objectives of the discussion 
are: 

1. Identify driving forces of this NP or NU changes,  
2. Analyze the impacts of this change on local people’s livelihood  
3. Determine potential adaptation measures for the farmers and policy suggestions for the 

government. 
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Figure 22 below shows location of the focus meeting, Stung Trang district, Kampong Cham 
province, Cambodia. 
 

 
 
 
Figure 23 below shows the photo of the focus group participants. 

 
 
 

Figure 22: Map showing Focus Group Discussion Location, Stueng Trang District 

 

Figure 23 Photo of the Group Discussion, 
Stung Trang District 10th December 2018 
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4.3. Data analysis   
For this study MRC provided LULC data for two date 2003 and 2010 to analyze for the LUC 
in the pilot area. After examining these LULC data (2003 and 2010), what could be seen is 
that, they are in bad quantity and cannot be improved for the analysis. Surely MRC LULC 2003 
was updated for JICA LULC 2002 (by comparing their polygon features). All polygon features 
representing village or settlement area were aggregated into upland crop and reclassified back 
into annual crop making this data missing village and settlement area. MRC LULC 2010 was 
created directly from satellite imagery using automatic remote sensing classification technique 
(supervised and un-supervised classification) based on only reflecting characteristics. It seem 
to be OK using this technique. However for Cambodia, there are a lot of features interpreted 
wrongly in the layer. For example a water body of a river was interpreted as forest cover and 
etc. Usually data derived from this method repenting only land cover information. For example 
paddy field in particular time cover by water (raining season), some other time cover by green 
cover (cultivation time) and so on.  Moreover both data so much different in term of detains, 
scale and so on. In conclusion, our team decided not to use those data in this study.  
 
In order to make this data possible, our team decided to use the following data for the 
analysis. For more detail info of these data please check their metadata (table 17 and 18).  

1. JICA LULC 2002 created under Recognizant Survey Project (RSP), and  
2. Land Use / Cover 2010 was updated from JICA Land Use/Cover 2002 under internal 

GDA project and implemented by Land Use Zoning Office (AZO) in 2017. The 
project use JICA Land Use/Cover 2002, Satellite Imagery 2010 and field survey in 
2017.  

These data are compactable with each other in term of detains, scale, format, projection, 
classification system and etc. 
 
These data are stored in GIS shape files (Vector format) that can be open by every GIS software 
such as ArcGIS, QGIS etc.  
 
Due to number of polygon in both LULC was only a few thousand, vector base overlaying is 
much more convenient. “Identity” overlaying function in ArcMap was used in this study 
(figure 24: the illustration). 
 

Figure 24: Illustration of IDENTIFY function in ArcMap (spatially) 

 
(Source: ArcMap software) 

 
 The LULC 2002 was used as input feature “ALU_Kampongcham_KH_0210.shp”, 
 The LULC 2010 was used as identity feature “ALU_Kampongcham_KH_10.shp”, 

and as result 
 The result feature created was “LUC_Kampongcham_KH_0210.shp”. 
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Attribute tables in both input feature were also processed to compute the attribute of the output 
feature accordingly (figure 25).  
 

Figure 25: Illustration of IDENTIFY function in ArcMap (attribute table) 

 
(Source: ArcMap software) 

 
The attribute tables (input and output), then were exported to MS Excel environment to do 
more detail analysis.  

 
4.4 Case Study 

4.4.1 Case Study Selection 

Form the literature review, In Cambodia there was a civil war (since 1960’s) and following 
by Khmer Rouge time (1995-1979). During this period, all social activities was the worst, no 
market, no business, no money, no business, no logging, no personal properties… and almost 
no lives. So in this 20 year time the forest left untouched everywhere in the country its area 
covering about 13,860,133 ha which was about 76 % of the country entire area (forest cover 
1976 map, figure 26).  

After 1979, the country was recovering. All social activities gradually getting better including 
forest logging activities. As result, almost 20 year latter the forest area reduced to about 
10,643,397 ha in 1997 throughout the country (forest cover 1997 map, figure 4) which is 
about 58% of the country entire area. 
 
So during 20 years of recovering time about 3,216,754 ha was lost which represents 18% of 
the country entire area. This area was converted to the other type of LU followed the 
procedure in figure 3 above.  
 
In the trend, the forest might continue to shrink if it would left without any protection. 
 
This situation was also coving KPC area. Three districts, Kapmpoing Siem, Chankar Lue and 
Stueng Treng were most experiment this changes. From both maps in figure 26 KPC 
boundary was highlight to show that KPC was also affected by this scenario. 
 
This explanation showing that why the change from forest cover to agricultural land use in 
KPC was selected for the case study in this project. 
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Figure 26: Maps Reviewing Forest Cover in 1976 and 1997 

 

Source: Cambodian Atlas/SCW 
 

4.4.2 Survey Team 
1. Mr. Ouen Piseth Deputy Director of Agriculture Land Resource Management, GDA, 

MAFF; Interviewer 
2. Mr. Teng Peng Seang Chief of Agriculture Zoning Office, GDA,MAFF; Team Leader 

for the suvey; 
3. Mr. Prom Bora Chief of Agriculture Zoning Office, GDA,MAFF; Interviewer 
4. Mr. Nuon Savoen Officer of Chief of Agriculture Zoning Office, GDA,MAFF; 

Interviewer 
5. Mr. Suos Bunthan National focal point of Agriculture and Irrigation, CNMC. 

Interviewer 
 

4.4.3 Field Survey Mobile Application 
This field questionnaire survey conducted using online mobile application developed by MRC 
called “Field Survey”. With this software you can collect questionnaire data from field using 
any tablet with Android OS. That way we feel it easier to do the survey that before. This 
application (APK file) currently available at the link:  
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https://drive.google.com/file/d/1gOROL72qoolBpVG_8lX_J4aYp2emluwr/view?usp=sharing 
Figure 27 below show the interface of the software. However the application transaction 
speed for the field survey should be improved. Furthermore, the results presented in graphs 
and charts on the online web admin should be able to export to other output formats such as 
JPEG file for the report. 
 

 
 
 

4.4.4 LOGIN Info (Cambodia) 
The survey team can login the application using username and password provided below: 
 

Table 19. Username and Password for mobile application 

 

FID Prefix First name Family name Username Password 
001 Mr. Piseth Ouen Piseth O_Piseth001 
002 Mr. Peng Seang Teng Peng Seang T_Peng Seang002 
003 Mr. Bora Prom Bora P_Bora003 
004 Mr. Savoen Nuon Savoen N_Savoen004 
005 Mr. Bunthan Suos Bunthan S_Bunthan005 

Figure 27: Field Survey Software Interface 
 

 

https://drive.google.com/file/d/1gOROL72qoolBpVG_8lX_J4aYp2emluwr/view?usp=sharing
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4.4.5 Web admin (for viewing report by team leaders) 
The application shows a summary report of raw data input. Then the raw data can be 
exported as CSV file, which can be opened in excel, for further and deeper analysis by the 
national experts. Only team leader can login the web admin accessible using the link below: 

Names of team leaders are listed as follow: http://client.cam-
mob.com/mrcsurveys/login. Its support documents are available in the link below: 

https://mrcsmekong-
my.sharepoint.com/:f:/g/personal/chamaporn_mrcmekong_org/EunarJH-
RZFIuURTh7oDM1kBeAjXngXYHQS5vRXqnF_q1g?e=rzm7uZ 
 

4.4.6 Field Survey Questionnaires 
There should be the guidelines for various sample questions to retrieve information from 
farmers that can properly answer each question. 
 
5 .Result of the Study  

5.1 Agricultural Land Use Changes  
Due to there was not much referent data for the change available in the area (KPC). In the 
following section would be concentrated on our own assessment data only. 
 
In this LUC analysis the original LU classification (JICA Land use classification, 40 classes) 
was converted into 19 classes (FAO LU classification) (Table 15: Land Use Class 
Conversion to Group Class). Then the 19 classes were group into 7 group classes 
followed MRC guideline (table 20, Group Class field). So that for the LULC change 
description or analysis will be described base on the group classes. 
 

Table 20: Land use group classification 

 
Source: MRC guideline 

http://client.cam-mob.com/mrcsurveys/login
http://client.cam-mob.com/mrcsurveys/login
https://mrcsmekong-my.sharepoint.com/:f:/g/personal/chamaporn_mrcmekong_org/EunarJH-RZFIuURTh7oDM1kBeAjXngXYHQS5vRXqnF_q1g?e=rzm7uZ
https://mrcsmekong-my.sharepoint.com/:f:/g/personal/chamaporn_mrcmekong_org/EunarJH-RZFIuURTh7oDM1kBeAjXngXYHQS5vRXqnF_q1g?e=rzm7uZ
https://mrcsmekong-my.sharepoint.com/:f:/g/personal/chamaporn_mrcmekong_org/EunarJH-RZFIuURTh7oDM1kBeAjXngXYHQS5vRXqnF_q1g?e=rzm7uZ
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Mainly, there are three results from this analysis: The result based on preliminary analyze 
directly on both original LULC (2002 and 2010), the spatial result from the overlying the two 
layers together using the methodology (chapter4, and Figure 28) and statistical data (table 21 
and 23). 

5.1.1. Preliminary LUC result 
In the following we will go in more detail to review how the LU in KPC changed using the 
statistical table resulting from LU 2002 and 2010. From this review you can see agricultural 
land, urban and even water body increased their area noticeably. But Forest lost its area in order 
answer to the people demand in the area. 
 

1. Agricultural land increased 23.74% for the period (2002-2010). The statistical data 
(table 21) shows that the area of agricultural land (2002) was 290,619 ha (sum of Crop 
land, Paddy Rice Land and Perennial Plantation) and the area of agricultural land use 
(2010) was 359,619 ha (calculated the same way as for the 2002 land use). This data 
shows that the agricultural and increase about 23.74% during 8 years (2002-2010). This 
increase showed the response of the land service to the people demand in the 
agricultural production very high.  
 

2. Forest cover, Grassland and Shrub-land dramatically decreased remarkably during the 
period. Forest cover, grassland and shrub-land land were groped as Natural and semi-
natural vegetated area (N) in the LULC maps (2002 and 2010). Statistical table data 
(table 21) the area was 114,329 ha in 2002 and 3,878 ha in 2010. This data shows that 
the N area reduced about 22.10% during the period of 2002-2010 from the entire area 
of KPC.  
 

3. Urban, Built-up Areas was noticeable changed also. In 2002 the area of this class was 
21,652 ha and in 2010 it was increase to 39,407 ha (table 21). This figure shows that 
during that period, built-up area increased 17,755 ha which is about 3.9% of the KPC 
entire area. 
 

4. Artificial & Natural water body was increased about 3.4%. There was 25,244 ha of 
Artificial & natural water body in 2002 and 39,407 ha in 2010 (table 21). This figure 
shows that it was increase about 3.4% during that period (2002-2010) of the KPC entire 
area. 

 
Table 21. Statistic table from LULC 2002 and 2010 

GROUP ID GROUP02 Group Land Area 2002 (Ha) Area 2010 (Ha) Chang (Area-ha) Changed (%)

3 Crop 74949 35894 -39055

5 Paddy Rice 184848 199835 14987

6 Perennial Plantation 30822 123890 93068

4
Natural & Semi-natural 

vegetated areas
Forest Cover 114392 13878 -100514 -22.10

7 Urban Area Urban/Build-up 21652 39407 17755 3.90

1
Artifical & natural water 

bodies
Water bordies 25244 40697 15453 3.40

2 Bare Soil 2977 1336 -1641 -0.36

Agricultural Land 23.74

Source: Our assessment 

These information shows that agricultural land is very important to the local people to 
producing enough food for their living. 
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5.1.2. Result from GIS Analysis  
In this section, the “Identity” function in ArcMap environment was used to combine both 
agriculture LULC in 2002 and 2010 together. Figure 28 shows the simulation of the process. 
This is a real GIS process applied, the result of that will show not only statistical data as in 
5.1.1 section, but the change distribution in the area as well. Meaning that both LUC 
distribution in the form of a GIS layer and its attribute table corresponding to the LUC 
distribution area. As the result of this overlay, LUC for KPC in the period 2002-2010 was 
received which was named “LUC_KampongCham_KH_0210” as GIS layer shape file 
“LUC_KampongCham_KH_0210.shp”. 

 
Figure 28: Overlaying LULC in 2002 and 2010 

 
 
To review the change distribution over the KPC, an enlarge version of the Change 
Distribution Map (CDM) was prepared as can be seen in figure 29.  
 
Figure 29: 
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As shown in the CDM (figure 29) and (table 23). They both show the change distribution in 
whole KPC territory and is associated percentage compared to KPC entire area. 

 The remaining LU or no change LU, label on the map “NoC” with pink color,  
 occurring throughout the entire KPC area for every districts. The districts with the 

majority LU no change (LUNC), namely: Srei Santhor, Kaoh Soutin, Kang Meas, 
Krong Kampong Cham, Kampong Siem, Cheung Prey and Prey Chhor. The districts 
with minor LUNC namely: Chamkar Leu and Stung Trang. Table 23 shows that 
57.16% of KPC entire area of every LU type was remained unchanged , next 
 

 The majority LU change in that period was the change from Natural & Simi-natural 
Vegetated area to Perennial Plantation (NP). From the map (figure 29) the change 
labeling “NP” with blueish color indication.  It occurred mostly in the north-east part 
of the province and spreading-out mainly over three districts: 1. Stung Trang, 2. 
Chamkar Lue and 3. Kampong Siem. There was a small portion also in almost east 
part of the KPC which was Chheung Prey district. Table 23 shows that it accounted 
11.20% of KPC entire area, 

 
 The other was the chang from crop land to perennial plantation, map label “CP” with 

the greenish color indication. It occurred mainly in three districts, 1. Stung Tang, 2. 
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Chamkar Lue and 3. Cheung Prey. Table 23 shows that 8.36 % of KPC entire area 
was changed, 

 
 The change for Natural & semi-natural vegetated area to Paddy Rice, label on the map 

“NPR” with dark green color. Figure 29 show that it occurred almost with same 
density throw-out the KPC. Table 23 show that it accounting 7.37% of KPC entire 
area, 

 
 The next important change was the changed from Natural & semi-natural vegetated 

area to water body, label on the map (figure 29) “NW” with purple color. It was 
occurring along Mekong river bank.  Table 23 shows that it accounting 2.76% of KPC 
entire area. 

 
 Next remarkable LU change was from Paddy Rice to Build-up area, label on the map 

(figure 29) “PRU” with light pink color. It occurred mostly along roads. Table 23 
shows it accounting 2.46% of KPC entire area. 
 

 Then the less remarkable LU Change were Crop land to Paddy Rice (CPR), Paddy 
Rice to Water bodies (PRW), Crop land to Build-up Area (CU), Natural & semi-
natural vegetated to Crop area (NC). However they has less meaning for this study 
because they were accounting around 1% of KPC entire area. For further information 
consult with the table 23 below. 

 
Figure 30 below shows more detail on how the NP distribution on KPC within the three 
districts, Stung Trang, Chamkar Lue and Kampong Siem. The map shows only the change 
NP type in green color. 
 
 
 
Figure 30: 
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Whereas the table 22 shows how NP change over the KPC by its districts. Majority, in Stung 
Trang it was accounting the most area 9.42% of the KPC entire area. Follow, in Chamkar Lue 
it was accounting 1.03%. Then in Kampong Siem it was accounting 0.73%. However NP had 
less meaning in other districts. 
 

Table 22: Statistical Data of NP change by district of KPC 
No. District Name LUC (N to P,U), ha % of KPC AREA (454,902 ha)

1 Batheay 175 0.04

2 Chamkar Leu 4686 1.03

3 Cheung Prey 1406 0.31

4 Kampong Siem 3305 0.73

5 Kang Meas 192 0.04

6 Kaoh Soutin 3 0.00

7 Krong Kampong Cham 341 0.07

8 Prey Chhor 92 0.02

9 Stueng Trang 42845 9.42  
Source: Resulted from GIS analysis 
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Table 23: Statistical data of Land Use/Cover Change and its group class description, 2002-
2010 

No. LUC Label Changed Area Percentage Changed Description
1 NoC 259,970 Ha 57.16 % Non-change

2 NP 50,923 Ha 11.20 % Change from Natural & semi-natural vegetated areas to Perennial Plantation

3 CP 38,003 Ha 8.36 % Change from Crop to Perennial Plantation

4 NPR 33,509 Ha 7.37 % Change from Natural & semi-natural vegetated areas to Paddy Rice

5 NW 12,574 Ha 2.76 % Change from Natural & semi-natural vegetated areas to Artificial &natural water bodies

6 PRU 11,194 Ha 2.46 % Change from Paddy Rice to Urban Area

7 CPR 6,296 Ha 1.38 % Change from Crop to Paddy Rice

8 PRW 6,010 Ha 1.32 % Change from Paddy Rice to Artificial &natural water bodies

9 PRC 5,720 Ha 1.26 % Change from Paddy Rice to Crop

10 CU 5,586 Ha 1.23 % Change from Crop to Urban Area

11 NC 4,857 Ha 1.07 % Change from Natural & semi-natural vegetated areas to Crop

12 PRP 3,013 Ha 0.66 % Change from Paddy Rice to Perennial Plantation

13 WC 2,123 Ha 0.47 % Change from Artificial &natural water bodies to Crop

14 NU 2,122 Ha 0.47 % Change from Natural & semi-natural vegetated areas to Urban Area

15 WPR 2,028 Ha 0.45 % Change from Artificial &natural water bodies to Paddy Rice

16 PRN 1,787 Ha 0.39 % Change from Paddy Rice to Natural & semi-natural vegetated areas

17 CW 1,595 Ha 0.35 % Change from Crop to Artificial &natural water bodies

18 BP 1,359 Ha 0.30 % Change from Bare Soil to Perennial Plantation

19 CN 935 Ha 0.21 % Change from Crop to Natural & semi-natural vegetated areas

20 WB 799 Ha 0.18 % Change from Artificial &natural water bodies to Bare Soil

21 WN 680 Ha 0.15 % Change from Artificial &natural water bodies to Natural & semi-natural vegetated areas

22 UPR 621 Ha 0.14 % Change from Urban Area to Paddy Rice

23 BC 554 Ha 0.12 % Change from Bare Soil to Crop

24 BW 517 Ha 0.11 % Change from Bare Soil to Artificial &natural water bodies

25 UW 441 Ha 0.10 % Change from Urban Area to Artificial &natural water bodies

26 PU 370 Ha 0.08 % Change from Perennial Plantation to Urban Area

27 UC 272 Ha 0.06 % Change from Urban Area to Crop

28 CB 214 Ha 0.05 % Change from Crop to Bare Soil

29 BPR 172 Ha 0.04 % Change from Bare Soil to Paddy Rice

30 UP 161 Ha 0.04 % Change from Urban Area to Perennial Plantation

31 BN 146 Ha 0.03 % Change from Bare Soil to Natural & semi-natural vegetated areas

32 WU 71 Ha 0.02 % Change from Artificial &natural water bodies to Urban Area

33 NB 63 Ha 0.01 % Change from Natural & semi-natural vegetated areas to Bare Soil

34 PPR 36 Ha 0.01 % Change from Perennial Plantation to Paddy Rice

35 UB 33 Ha 0.01 % Change from Urban Area to Bare Soil

36 WP 15 Ha 0.00 % Change from Artificial &natural water bodies to Perennial Plantation

37 PRB 5 Ha 0.00 % Change from Paddy Rice to Bare Soil

38 BU 4 Ha 0.00 % Change from Bare Soil to Urban Area

39 PC 2 Ha 0.00 % Change from Perennial Plantation to Crop

40 UN 1 Ha 0.00 % Change from Urban Area to Natural & semi-natural vegetated areas

Source: Result from GIS overlay (2002-2010) 

 
 
 
 
 
 
 
 
 

5.1.2.1 Metadata of its GIS Layer 
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Table 24: Metadata of Land Use/Cover Change (2002-2010) 

Directory name  Land use/cover change 
Hierarchy level  Data set  
Title  LUC_Kampongcham_KH_0210 
Creation date  2018-25-10  
Publication date  Unknown  
Edition  E01 (resulting of overlaying land-use 2002-

2010) 
GIAI title  LMB LUC Data  
Presentation form  map Digital  
Abstract  This data was created in the result of 

overlaying land use/cover 2002 layer 
“ALU_Kampongcham_KH_02.shp” and 
land use/cover 2010 
“ALU_Kampongcham_KH_10” using 
“IDENTIFY” function. The data from this 
overlaying named 

Maintenance and update frequency  As Needed  
Theme keywords  Land Use Change 
Place keywords  Kampong Cham Province, Cambodia, 

Lower Mekong Basin, land-use change. 
Access constraints  License  
Use constraints  Copyright  
Use limitation  The Mekong River Commission makes no 

warranties about this data and disclaims all 
responsibility and liability for all expenses, 
losses, damages and costs which may be 
incurred as a result of the data being 
inaccurate or incomplete in any way and for 
any reason. The data contained herein do not 
imply the expression of any opinion 
whatsoever on the part of the Mekong River 
Commission concerning the legal status of 
any country, territory, city or area or of its 
authorities, or concerning the delineation of 
its frontiers or boundaries.  

Spatial representation type  Polygon  
Denominator  50000  
Topic category code  Land Use/Cover Change Type  
Temporal extent begin date  2017-01-01  
Temporal extent end date  2017-12-10 
North bound latitude (DD) 12.502434 
South bound latitude (DD) 11.733208 
West bound longitude (DD) 104.819398 
East bound longitude (DD) 105.776431 
Reference system info  WGS_1984_UTM_Zone_48N  
Distribution format  Shape  
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5.2. Case Study  
5.2.1. Description of the case study 
As the result of the analysis, in Table 23 above “Statistical data of Land Use/Cover Change 
and its group class description, 2002-2010” there was a significant change NP (the second 
row of the table highlight in reddish color). This change covered about 60,000 Ha equivalent 
to about 11.20% of the total land in entire province (454,902 Ha).  

With this reveal, our team decided to select this change as the case study in order to find out 
the drivers leading to this situation. 

The study was not limited to a location. But it was determined by the change distribution 
(NP). Figure 20 “NP change distribution by district” shows that the change was distributed 
over 3 districts namely Stung Trang, Chamkar Lue and Kampong Siem. These three districts 
then called Case Study Districts (CSD).  

Table 25 below shows the statistical data of NP change in the period (2002-2010). The 
noticeable NP change in the CSD was: 

1. Stung Trang: 42,845 ha (39.26% of the entire district area), 
2. Chanlkar Leu: 4,686 ha (7.81% of the entire district area), and 
3. Kampong Siem: 3,305 ha (7.67% of the entire district area). 

 
According to the percentage of the NP change (table 25), Krong Kampong Cham had a 
higher number as well that is 14.86%. But this is the city area (build-up area) of KPC with a 
small total area, 2,293 ha. So it was not selected for CSD. 

Table 25: NP statistical Data by District 
No. District Name LUC (N to P), ha District Area (ha) % of NP by District

1 Batheay 175 66559 0.26
2 Chamkar Leu 4686 60004 7.81
3 Cheung Prey 1406 36930 3.81
4 Kampong Siem 3305 43105 7.67
5 Kang Meas 192 38952 0.49
6 Kaoh Soutin 3 18647 0.02
7 Krong Kampong Cham 341 2293 14.86
8 Prey Chhor 92 44494 0.21
9 Stueng Trang 42845 109142 39.26

10 Srei Santhor 0 34775 0.00  
Source: District GIS layer 

In conclusion, the districts namely Stung Trang, Chamkar Leu and Kampong Siem were 
selected as CSD in this study. 

Table 26 below shows the population and population density in the CSD in KPC. These rate 
relatively high especially for Chamkar Lue (270 person/km2) and Kampong Siem (253 
person/km2) compared to the other districts within the whole country except city regions.  
 

Table 26: SCD Population in KPC 
No District Code CSD Name Area (Km2) Population Population Density (person/km2)

1 1315 Stueng Trang 1091.42 116009 106
2 1302 Chamkar Leu 600.04 161782 270
3 1306 Kampong Siem 431.05 109007 253

Source: Commune Database 2004/SCW 
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5.2.2. Field data collection/interview plan 
In order to conduct the field survey smoothly, a proper plan for the field survey is needed. 
Figure 31 below shows the pre-setting sample points and their locations for the questionnaire 
survey to be conducted. Achieving 50 survey size, 60 presetting points were setup for the 
survey. The point distribution was made base on where the majority change occurring. For 
more precise HH location to be pre-located, the plan was setup using high resolution imagery 
(0.8m resolution) clear enough to see individual house. In this case, 9 location from Kampong 
Siem District, 20 location form Chamkar Lue district and 31 location from Stueng Treng 
district were planned. 
 
 The plan schedule to start from 25th Oct 2018 and completed on 10th Nov 2018. There were 
three interviewers for this collection, Mr. Teng Peng Seang, Mr. Prom Bora and Mr. Noun 
Savoeun. 
 
Figure 31:  
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5.2.3. Findings from the case study 
There are only 46 questionnaires can be used for the analysis after eliminating from 52 of 
that. The clean questionnaire dataset and its statistical analysis is attached here with as the 
separated excel file named “Field_Survey_Result_v3.xlsx” in the same folder. The interface 
of the dataset, you can see in the figure 32 below. 

Figure 32: The interface of the interview dataset and its analysis 

 
 

1. The change NP on one hand was not good for our environmental condition. On the 
other hand it was good for the people and people’ lives especially for farmer in the 
area. Farmers need agricultural land rather than forest cover for their living condition.  
 

2. In the LULC 2010 we can see that the N area of about 13,878 ha left in the KPC 
boundary (statistic table, figure 19). And from the field survey result and focus 
discussion, the trend for these resent year maybe no more forest cover left in the area. 
 

3. HH general Information (n = 46): 
Table 27 below show the HH profile characteristics for the 46 sample size. This 
information provide a background layer of HH in the CSD. These characteristic are 
HH head’s age, gender, marital status, religion, nationality and HH respondent’s age, 
relationship with the HH head, gender, education level and citizenship. 
 
1. The majority of HH head is Male which cover of 80.4 % of the whole population. 

Whereas female HH head is four time less, it represent 19.6% of the whole 
population (figure 33, table 27), 
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Figure 33: (n = 46) 

 
 

2. The majority of HH age is between 50 to 59 year old which is represented 37% of 
the whole population, next the age between 40 to 49 year old which is represented 
21.7% of the whole population, then the age above 60 year old which is 
represented 20% of the whole population, following by the age 30 to 39 year old 
which is represented 19.6% of the whole population, the minor group the age less 
than 30 year old which is represented 2.2% of the whole population (figure 34, 
table 27), 

Figure 34: (n = 46) 
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3. 50% of respondents are the HH head, followed by wife of the head 37%, then 
husband of HH head 10.9%, and others (son, daughter…) 2.2% (figure 35, table 
27), 
Figure 35: (n = 46) 

 
 

4. Most of respondent are rather old (50 to 59 year old) which is represented 34.8% 
of the whole population, then a bit younger (40 to 49 year old) which is 
represented 23.9% of the whole population, followed by older (above 60 year old) 
which is represented 21.7% of the whole population, last but not least younger (30 
to 39 year old) which is represented 17.4% of the whole population, the last group 
(less than 30 year old) which is represented 2.2% of the whole population (figure 
36, table 27), 
 

Figure 36: (n = 46) 
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5. 60.9% of the respondents are male. The rest are female which is represented 
39.1% of the whole population (figure 37, table 27), 
 
Figure 37: (n = 46) 

 
 

6. 93.5% of the respondents are married (husband + wife). The rest are widow 
(woman HH head) which is represented only 6.5% of the whole population (figure 
38, table 27), 
 
Figure 38: (n = 46) 
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7. All of the respondents are Cambodian and Buddhism (figure 39 and 40, table 27), 

Figure 39: (n = 46) 

 
 

Figure 40: (n = 46) 

 
 

8. Most of them are illiterate (lack of education knowledge). 65.2% of the 
respondents were completed less than high school degree. Even worst 34.8% of 
them cannot read or write Khmer language (figure 41, table 27),  
 
Figure 41: (n = 46) 
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9. The HH size are quite big almost 6 person per HH in average 5.52 persons (table 
27), among those, 5 to 7 persons represented 31% of the whole population, less 
than 5 persons represented 11% of the whole population and more than 7 persons 
represented 4% of the whole population in CSD (table 42), 
 
Figure 42: (n = 46) 

 
 

10. All of them came to live in the CSD quite a long time before. In average they live 
in the CSD about 18 years (17.76 years, table 27), more than 20 years represented 
17%, from 16 to 20 years represented 11%, and from 11 to 15 year represented 
10% and less than 10 years represented 8% of the whole population (figure 43). 

Figure 43: (n = 46) 
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Table 27: Profile of HH head and Respondents (n = 46), (Source: own assessment) 
No. Persons Percentage(%)
A

1 Gender Male 37 80.4
Female 9 19.6

2 Age Less than 30 1 2.2
30-39 9 19.6
40-49 10 21.7
50-59 17 37.0
above 60 9 20

B
1 Status with HH head HH head 23 50.0

Wife 17 37.0
Husband 5 10.9
Others 1 2.2

2 Age Less than 30 1 2.2
30-39 8 17.4
40-49 11 23.9
50-59 16 34.8
above 60 10 21.7

3 Gender Male 28 60.9
Female 18 39.1

4 Marrital Status Married 43 93.5
Widow 3 6.5

5 Religion Buddhism 46 100.0
6 Citizenship Camboian 46 100.0
7 Education Level Cannot read or write 16 34.8

Completed less than 
high school 30 65.2

C 5.52
D 17.76 Years

Variables
Head of HH

Respondent

HH size (Average)
Cativation Years (Average)  
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5.2.3.1 Agricultural Land Use 
1.  The years farmer changed from previous to current land use: 52% of them started to 

change before 2000, 17% started to change in the period (2000-2004), 24% started to 
change in the period (2005-2010) and the last group just started to change after 2010 
(figure 44). 

 
Figure 44: (n = 46) 

 
 

2.  Before the change was made all the area covered by only N such as broad leaf forest 
(BaF), evergreen forest (BE), deciduous forest (BD), shrub land and grassland (figure 
45). 

Figure 45: (n = 46) 
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3. Current land use: up to today the N cover type converted in to ALU such as Annual 
Crop (AC), Orchard (Or) and Paddy Rice (PR) (figure 46). 

Figure 46: (n = 46) 

 
 

4. There is no information available for Agriculture Land Size (ALS) previously (figure 
47). 

Figure 47: (n = 46) 
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5.  For the current ALS, 26% of farmers in CSD own less than 3 ha land, 52% own 
between 3 to 5 ha and 22% own more than 6 ha (figure 48).  

Figure 48: (n = 46) 

 
 

6.  Previously there was no crop, but only N in the CSD. The N variety in the old time 
were forest, shrub land and grassland (figure 49). 

Figure 49: (n = 46) 
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7.  For the current situation the crop variety (P and C) are cashew tree, paddy rice, 
cassava, mango tree and rubber plantation (figure 50).  

Figure 50: (n = 46) 

 
 

8. There is no information available for the number of crop per year previously in the 
CSD. (figure 51) 

Figure 51: (n = 46) 
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9.  Due to there is not enough irrigation system in CSD most of the farmer are able to do 
only one crop per year. 93% of the farmers are able to cultivate only one time a year. 
However 7% of them are able to manage 2 crops per year such as PR (figure 52). 

Figure 52: (n = 46) 

 
 

10. Mainly there is no information available for crop rotation pattern previously. Because 
there were only forest cover in the past (figure 53). 

Figure 53: (n = 46) 
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11. For the current crop, 80% of the farmers cultivate permanently, and only 20% with 
rotation pattern (figure 54). 

Figure 54: (n = 46) 

 
 

12. Previously, most of the area was forest, so no information available at that time 
(figure 55). 

Figure 55: (n = 46) 
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13. Currently, also there is not enough irrigation system for the CSD. 93% of the farmers 
cultivate without the system, only 7% their cultivation is with the system (figure 56). 

 Figure 56: (n = 46) 

 
 

14. Among the irrigation system, only surface irrigation was available previously. About 
2% of the whole population said surface irrigation was available (figure 57). 

 
Figure 57: (n = 46) 
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15. Currently, 89% of the farmers do not have irrigation system. Their cultivation is based 
on rain-fed only. However 7% of them are with surface irrigation. 2% of them use 
well water (figure 58). 

Figure 58: (n = 46) 

 
 

16. How did they obtained the land? (previously) 

Most of them initially bought a portion of the land, then they enlarged their land by clear 
adjacent more forest (40% of them). Next, the group got the land by clearing forest (38%). 
11% (government + bought) this group got the land by government allocation. 8% of them 
got the land from their families. Lastly 3% of them got the land buying from others. (figure 
59) 

Figure 59: (n = 46) 
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17. How did they obtain the land? (Currently) 

The condition was changed for the current situation. 57% of them obtained their land by 
buying from others, 17% by clearing forest land, 13% by government allocation, 9% by 
inheritance for their relatives and 4% by renting from others (figure 60). 
   
Figure 60: (n = 46) 

 
 

18. Official Documentation (previously): most of them did not have supported document 
previously (98%). (figure 61) 

Figure 61: (n = 46) 
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19. Official Documentation (currently): 91% of them have official documentation on their 
land releasing for government. Only 9% of them do not have that. (figure 62) 

Figure 62: (n = 46) 
 

 
 

 
20. Annual production, previously no data available for the production. Because at that 

time most of the areas covered by N. (figure 63) 

 
Figure 63: (n = 46) 

 

 
 
 
 
 
 
 



70 
 

21. Currently, this information is available: 33% of them get the production less than 3 
tons annually, 20% get from 4 to 6 tons, 11% get from 7 to 10 tons, 7% get from 11 to 
20 tons and 29% got more than 20 tons (figure 64). 

Figure 64: (n = 46) 

 
 
 

22. Annual average yield (tons/ha): previously there is no information available (figure 
65). 

Figure 65: (n = 46) 
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23. Annual average yield, currently 48% of them receive the yield of less than 2 tons/ha, 
13% receive from 2 to less than 6 tons/ha, 17% receive from 6 to less than 10 tons/ha 
and 22% receive more than 10 tons/ha. For the higher yield (form 10 tons/ha) they 
receive from cassava, less yield from paddy rice (figure 66). 

Figure 66: (n = 46) 

 
 

24. Annual production cost, previously there is no information available for the 
agriculture production cost (figure 67).  

Figure 67: (n = 46)  
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25. Annual production cost, currently 39% of them spend around 300 US$/ha, 31% spend 
from 300 to 1,000 US$/ha and 30% spend more than 1,000 US$/ha (figure 68). 

Figure 68: (n = 46) 
 

 
 
 

26. Agriculture market, previously there is no market information available (figure 69).   

Figure 69: (n = 46) 
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27. Agriculture market, currently all of them use only local market (figure 70). 

Figure 70: (n = 46) 

 
 

28. There is no information about labor using by farmer available previously (figure 71). 

Figure 71: (n = 46) 

 
 

29. Currently for their farming, 67% of them use both family members and labor, 4% use 
only labor and 24% does not use labor at all (figure 72). 

Figure 72: (n = 46) 
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5.2.3.2 Driving forces of agricultural land use changes 
Meanwhile from the analysis in the driving forces section “C. Driving forces of agricultural 
land use change” are summarized in the table 28 below. 

Table 28: Driving factor for NP change in CSD (source: own assessment) 
No Factor Factor Variable % HH Effected

1 Economic factor

1 More benefit with current crop 100

2 Institutional factor

1 Changing form Khmer Rough Regime 100

3 Locational factor

1 The change was not much depend on that factor 100

4 Environmental factor

1 The change was not much depend on that factor 100

5 Sosiocultureal factor

1 Changing in people lifestyles 100  
 

1. Economic factor: 100% of the people can get more benefit from this change (NP) 
(figure 73). 
 
Figure 73: (n = 46) 

 
 

2. Institutional factor: the change was started since 1979, the time of “Khmer Rouge” 
regime. Most of the answer to the question is that “Changed since Pol Pot time”, 
whole population (table 74). 

Figure 74: (n = 46) 
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3. Location factor: This change was made in no relation at all to the location factor. The 
answer to the question is that “No relationship with the location factor” for the whole 
population (figure 75). 

Figure 75: (n = 46) 

 

4. Environmental factor: There was nothing to do with that factor. The answer to the 
question is that “No relationship with environmental factor” 100% of population 
(figure 76). 

Figure 76: (n= 46) 

 

5. Sociocultural factor: the survey found that people needed to change their way of 
living since 1979 (Khmer Rouge time) to adapt to the new living style. The answer to 
the question is that “Changes in people lifestyles” 100% of the population (figure 77). 

Figure 77: (n = 46) 
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5.3. Impacts of agricultural land use changes  

5.3.1. Fertilizer impact 
The impacts for fertilizer input are summarized in the table 29 below. The table shows that 
there is no data available previously. So in the detail description below will be focus with 
only the current scenation. 
  
Table 29: Impact, fertilizer input (source: own assessment) 

No Imparct Factor Variabel Impact % 
a Chemical Fertilizer

1. Previously Data not available 100
2. Currently

1 Not use 24
2 Use less than 100 kg/ha 30
3 Use about 150 kg/ha 20
4 Use more that 150 kg/ha 26

b Chemical Fertilizer, how often?
1. Previously Data not available 100
2. Currently

1 Not use, no data 33
2 One time a year 39
3 Two ot three times a year 28

c Organic fertilizer
1. Previously Data not available 100
2. Currently Not use 83

Use less than 100 kg/ha 6
Use more that 100 kg/ha 11

d Organic fertilizer, how often?
1. Previously Data not available 100
2. Currently Not use 80

Use 1 time a year 11
Use 2 times a year 9

e Other chemical input
1. Previously Data not available 100
2. Currently Not use 46

Use less than 10 kg/ha 22
Use from 11 to 40kg/ha 32

f Other chemical inpjut, how often?
1. Previously Data not available 100
2. Currently Not use 48

One time a year 30
Two ot three times a year 22

g Other organic inputs
1. Previously Data not available 100
2. Currently Not use 96

(hormone) Use 3 to 4 kg/ha 4
h Other organic inputs, how often?

1. Previously Data not available 100
2. Currently Not use 96

Use 3 to 4 time a year 4  
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a. Chemical Fertilizer (Kg/ha?) 
 Previous Land Use: No information available previously. 
 Current Land Use: 

 24% of the farmers do not use chemical fertilizer,  
 30% of the farmers use chemical fertilizer about 100 kg/ha, 
 20% of the farmers use chemical fertilizer about 150 kg/ha, and  
 26% of the farmer use chemical fertilizer more than 150 kg/ha. (figure 78) 

Figure 78: (n = 46) 

 
 

b. Chemical Fertilizer (how often?) 

 Previous land use: no information available. 
 Current land use:  

 33% of them do not use chemical fertilizer, 
 39% of them use one time a year, 
 28% of them use two times a year. (figure 79) 

Figure 79: (n= 46) 

 
 
c. Organic Fertilizer (kg/ha?) 

 Previous Land Use: No information available. 
 Current Land Use: 

 80% of the farmers do not use organic fertilizer, 
 6% of the farmers use organic fertilizer about 100 kg/ha,  
 11% of them use organic fertilizer more than 100 kg/ha. (figure 80) 
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Figure 80: (n = 46)

 
 

d. Organic Fertilizer (how often?) 
 Previous Land Use: No information available for the previous land use type (N). 
 Current Land Use: 

 83% of the farmers do not use this fertilizer, 
 6% of the farmers use this fertilizer one time a year, and   
 11% of them use this fertilizer 2 times a year. (figure 81) 

Figure 81: (n = 46) 

 
e. Other Chemical Input (Kg/ha?) 

 Previous Land Use: No information available for the previous land use type (N). 
 Current Land Use: 

 46% of the farmers do not use this input, 
 22% of them use this input around 10 kg/ha, 
 32% of them use around 40 kg/ha. (figure 82) 

Figure 82: (n = 46) 
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f. Other chemical Input (how often?) 
 Previous Land Use: No information available. 
 Current Land Use: 

 48% of the farmers do not use other chemical input, 
 30% of them use it one time a year, 
 22% of them use it two times a year. (figure 83) 

Figure 83: (n = 46) 

 
g. Other Organic Input (Kg/ha?) 

 Previous Land Use: no information available. 
 Current Land Use: 

 96% of the farmer do not use this input, 
 4% of them use it 3 to 4 kg/ha. (figure 84) 

Figure 84: (n = 46) 

 
h. Other Organic Input (how often?) 

 Previous Land Use: no information available. 
 Current Land Use: 

 96% of the farmers do not use this input, 
 4% of them use it 3 to 4 times a year. (figure 85) 

Figure 85: (n = 46) 
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5.3.2. Environmental impacts  
The result of the field survey and group discussion are summarized in the table 30 below.  

Table 30: Environmental Impacts (n = 46, source: own assessment) 
No Imparct Factor Variabel Impact % 

Water requirement/use (MCM/annum)? 
Previous Data not available 100
Current

Less than 0.031 MCM/Year 41
From 0.031 to 0.041 MCM/year 15
From 0.041 to 0.09 MCM/year 26
From 0.1 to 0.6 MCM/year 18

2. Biodiversity - Is there any 
abundance/decreases of animal species? If 
yes, please specify.

Previous Data not available 100
Current

No 83
Yes: Chicken, Pig 17

3. Biodiversity - Is there any emerge/increase 
of animal species? If yes, please specify

Previous Data not available 100
Current No 91

Yes: Chicken, Pig 9
4.Biodiversity - Is there any 
abundance/decreases of plant species? If 
yes, please specify.

Previous Data not available 100
Current No 100

5.Biodiversity - Is there any emerge/increase 
of plant species? If yes, please specify

Previous Data not available 100
Current No 100

6.Surface runoff - are there any 
increase/decrease of soil erosion by visual? 
Please specify?

Previous Data not available 100
Current Lower 100

8.Machinery usage?
Previous Data not available 100
Current

Not use 24
Tractor 61
Rice harvester 9
Rotarhy tiller 7

1

5

6

8

4

3

2
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1. Water requirement/use (MCM/annum) 
a. Previous: No information available for water used, 
b. Current: 41% of them use about 0.03 mcm/year, 15% use around 0.04 

mcm/year, 26% use around 0.09 mcm/year and 18% use around 0.6 mcm/year. 
In average a farmer use about 0.07 mcm per year. (figure 86) 

Figure 86: (n = 46) 

 
2. Biodiversity - Is there any abundance/decreases of animal species? 

a. Previous: No information available for animal species, 
b. Current: 83% no, 17% yes (chicken, duck, pig). (figure 87) 

 
Figure 87: (n = 46) 

 
3. Biodiversity - Is there any emerge/increase of animal species? 

a. Previous: No information available for the animal species, 
b. Current: 91% no, 9% yes (chicken, duck, pig). (figure 88) 

Figure 88: (n = 46) 
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4. Biodiversity - Is there any abundance/decreases of plant species? 

a. Previous: No information available for the previous land use type (N). 
b. Current: 100% no. (figure 89) 

Figure 89: (n = 46) 

 
 

5. Biodiversity - Is there any emerge/increase of plant species? 
a. Previous: No information available for the previous land use type (N). 
b. Current: 100% no. (figure 90) 

Figure 90: (n = 46) 

 

 
6. Surface runoff - are there any increase/decrease of soil erosion by visual? 

a. Previous: 100% lower 
c. Current: 100% lower. (figure 91) 

Figure 91: (n = 46) 
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7. Machinery usage 

a. Previous: No information available for the previous land use type (N). 
d. Current: 57 % using machinery, 43% do not use machinery. Among the 57% 

using machinery, 61% (Tractor), 9% (Rice harvester), 7% (Rotary tiller) and 
24% no information. (figure 92) 

Figure 92: (n = 46) 
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5.3.3. Social and economic impacts 
The result of the field survey and group discussion are summarized in the table 31 below.  

Table 31: Social and economic impacts 
No Imparct Factor Variabel Impact % 

1. Household (HH) Income source from 
agriculture production - How much 
(USD/year)?

Previous Data not available 100
Current

Less than 1,000 USD/year 22
Around 2,000 USD/year 15
More than 2,000/year 63

2. HH income from off farm work - 
How much (USD/year)? What types of 

Previous Data not available 100
Current

Less than 500 USD/year 72
Around 1,000 USD/year 6
More than 1,000/year 22

3. HH expenditure for agiculture 
inputs/activities -How much 

Previous Data not available 100
Current

Around 1,000 USD/year 60
Around 2,000 USD/year 25
More than 2,000/year 15

4. HH expenditure on food (USD/year)
Previous Data not available 100
Current

Around 1,000 USD/year 26
Around 2,000 USD/year 57
More than 2,000/year 17

5. HH expenditure for others (USD/year)
Previous Data not available 100
Current

Around 1,000 USD/year 83
Around 2,000 USD/year 2
More than 2,000 USD/year 15

6. Secure employment/market (Y/N), how?
Previous Data not available 100
Current

Yes 57
No 43

7. Access to improved health facilities? How? 
Previous

Not accessible 41
Dificult 57
Medium 2

Current
Eay 33
Medium 65
Dificult 2

8. Access to safe water supply system?
Previous

Not accessible 56
Dificult 37
Medium 7

Current
Not accessible 27
Dificult 5
Medium 68

7

8

1

2

3

4

5

6
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1. HH Income from Agriculture(USD/year) 
a. Previous: No information available, 
b. Current: 22% of them get around 1,000 US$ a year, 15% get from 1,000 US$ 

to 2,000 US$ a year and 63% get more than 2,000 US$ a year. (figure 93) 

Figure 93: (n = 46) 

 
 

2. HH income from other source (USD/year) 
a. Previous: No information available, 
b. Current: 72% of them get around 500 USD a year, 6% get around 1,000 USD 

a year, and 22% get more than 1,000 USD a year. (figure 94) 

Figure 94: (n = 46) 

 

3. HH expenditure for agriculture input/activities (USD/year) 
a. Previous: The information is not available, 
b. Current: 60% of them spend around 1,000 USD a year, 25% of them sepend 

around 2,000 USD a year and 15% spend more than 2,000 USD a year. (figure 
95) 

Figure 95: (n = 46) 
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4. HH expenditure for food (USD/year) 
a. Previous: The information is not available, 
b. Current: 26% of them spend around 1,000 USD a year, 57% spend around 

2,000 USD a year and 17% spend more than 2,000 USD a year. (figure 96) 

Figure 96: (n = 46) 

 

5. HH expenditure for other (USD/year) 
a. Previous: no data available, 
b. Current: 83% of them spend for others around 1,000 USD a year, 2% of them 

spend around 2,000 USD a year and 15% spend more than 2,000 USD a year. 
(figure 97) 

Figure 97: (n = 46) 

 
6. Secure employment/market (Y/N)? 

a. Previous: no data available, 
b. Current: 57% of the said that their market and employment was secure. But 

the other 43% refused about that. (figure 98) 

Figure 98: (n = 46) 
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7. Access to improved health facilities? How? 
a. Previous: 41% of them were not accessible health facilities, 57% found it 

founded it very difficult for them and 2% said that it was medium difficult for 
them. 

b. Current: 33% of whole population now said that it is easy for them, 65% is 
medium and only 2% is difficult. (figure 99) 

Figure 99: (n = 46) 

 
 

8. Access to safe water supply system? 
a. Previous: 7% of them were medium, 37% difficult and 57% not accessible, 
b. Current: 65% medium, 4% difficult and 26% not accessible. (figure 100) 

 

Figure 100: (n = 46) 
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5.4.Adaptation Measures/Practices  

a. Previous: No information available, 
b. Current: There is no any project mentioned by the interviewed farmers since 

the last change of the land use in CS. (figure 101) 

Figure 101: (n = 46) 

 

c. There is no adaptation projects mentioned by the interviewed farmers (46 
households) in the case study area which accounting 11.2% of the Kampong 
Cham entire area. However according to Kampong Cham agricultural official, 
there were/are some adaptation projects in the CSD namely: Kampong Siem, 
Chamkar Leur and Stumg Trang to support farmers. 

6 Lessons Learnt  
1. About 35% (9% definite and 26% less benefit) of the farmers do not earn enough money 

for their living from current agriculture as well as from the other sources. For their living 
they need to borrow additional money for a bank or other sources. Finally they end up with 
losing their farm land. (figure 102) 

Figure 102: Benefit from Agriculture (Source: own analyze) 
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2. Chemical fertilizer is too expensive for the farmer. 
3. They do not use at all organic organizer. 
4. There is only one broker for their local market for their local market. So that this is not a 

good market for them.  
5. The farmer need supporting project to support their living 
6. Land cover data directly derived from automatic classification (supervise or unsupervised 

classification) of satellite data cannot be used for this application. It reflect information only 
land cover (not land use) at a specific time only. 

7. This change (NP) occurred not only in Kampong Cham province but almost in the other 
provinces of the country. 

8. In the case study what we found in the map is NP. However what we found from the field 
study the changed is not only NP but  Natural vegetated area to other area as well such as 
to Cassava, Corn, and Paddy… 

9. There is limitation in the map scale. For this project, the original map scale is 1:100,000. 
However, for the scale applicable for this project is 1:10,000 or 1:5,000. 

10. The infrastructure for their area is not satisfied yet. 
11. There is almost no irrigation at all for their farming. 

 

7 Conclusion and Recommendation  
7.1 Conclusion 

This land use change is mainly made because of the replacement Pol Pot time by the current 
government. In Pol Pot time were not allowed to have their own private properties especially 
land ownership. All the country land belonged to the government at that time. For the current 
situation the government allowed the people to own a parcel of land for their living. So that in 
order to make a living people going to have their own land. The more land they make the better 
live they can have. The only possibility they go for available land such as shrub land, forested 
land and so on. 
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With that contact, this change (NP) occurred not only in Kampong Cham province but almost 
in the other provinces of the country such as Battambang, Kampong Thom, Kratie, Stung Treng 
and so on. 

However, this change dos not mean it is bad for the people but it can support the farmer in their 
living. 

7.2 Recommendation  
1. The government should release the legal document to every farmers. So that they can use 

this in whatever way they want.   
2. The government should create a supporting project to help them in farming technique as 

well as finding additional money. 
3. Chemical fertilizer is too expensive for the farmer. The government should find a way to 

reduce the price of the chemical fertilizer. 
4. They do not use at all organic organizer. The government should educate them about what 

this fertilizer can help them to increase their farm land fertility. 
5. There is only one broker for their local market for their local market. So that this is not a 

good market for them. The government should make available more number of broker in 
the market so that they can have a better price for their product.  

6. Land cover data directly derived from automatic classification (supervise or unsupervised 
classification) of satellite data should not be used this application. This application need 
real land use only. 

7. MRC should take responsibility in data it accepted or stored in its database. Because the 
land use data it provided for this project found could not be used at all. 

8. This change (NP) occurred not only in Kampong Cham province but almost in the other 
provinces of the country. The government should be aware about this situation. 

9. There is limitation in the map scale for this project. The original map scale used in the 
project is 1:100,000. However, for the scale applicable for this project is 1:10,000 or 
1:5,000. So the changed can be precisely detected. 

10. The infrastructure for their area is not satisfied yet. The infrastructure also needed to be 
improve for the farmer. With good infrastructure they can reduce the cost transporting their 
farming product. 

11. There is almost no irrigation at all for their farming. The government should however 
consider establishing irrigation system for them for their farming. 

8 Future Direction  
8.1 Future plan for agricultural land use monitoring  

There are two options for the future direction:  

1. Stay in the same pilot area, but continue to select another cases study that area 
classified as secondary or thirdly important options. 

2. Find the other pilot study area with new case. 
 

8.2 Requirements for future study on agricultural land use issues 
1. For agricultural land use monitoring, the real land use dataset with more details of 

land use classes and bigger map scale (i.e. 1:10,000 or 1:5,000) is required.  
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2. Land use classes should specifically identify crop types, especially important 
economic crops in the region (i.e. seasonal rice, maize, rubber, sugarcane, etc.) 
that will helpful for land use planning of the Lower Mekong Basin. 

3. The agricultural land use monitoring should be linked to future scenario 
assessment, considering the national agriculture and forestry policies, and socio-
economic plan, to support market decision in the future.  

4. The natural disaster, for example, landslides and flashflood, should be monitored 
and assessed because it can be the impacts from agricultural land use changes. 
For example the landslides along the Mekong river bank. It converts every type 
of land in to only water surface. 
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Appendix: 
I. Provincial Population Density 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: General Population Census  of Cambodia 2008  

 Area (KM2) Population 2008 Pop-Density  
(Person/Km2) 2008 

1998 

Cambodia 
 

181,035* 13,388,910 75 64 

Provinces     

Banteay Meanchey  6,679         678,033                 102   86  
Battambang  11,702     1,024,663                   88   68  
Kampong Cham  9,799     1,680,694                 172   164  
Kampong Chhnang  5,521         471,616                   85   76  
Kampong Speu  7,017         716,517                 102   85  
Kampong Thom  13,814         630,803                   46   41  
Kampot  4,873         585,110                 120   108  
Kandal  3,568     1,265,085                 355   301  
Koh Kong  11,160         139,722                   13   12  
Kratie  11,094         318,523                   29   24  
Mondul Kiri  14,288           60,811                     4   2  
Phnom Penh  290     1,325,681              4,571   3,448  
Preah Vihear  13,788         170,852                   12   9  
Prey Veng  4,883         947,357                 194   194  
Pursat  12,692         397,107                   31   28  
Ratanak Kiri  10,782         149,997                   14   9  
Siemreap  10,299         896,309                   87   68  
Sihanoukville  868         199,902                 230   179  
Stung Treng  11,092         111,734                   10   7  
Svay Rieng  2,966         482,785                 163   161  
Takeo  3,563         843,931                 237   222  
Oddar Meanchey  6,158         185,443                   30   11  
Kep  336           35,753                 106   85  
Pailin  

  
803           70,482   

  

                88   29  

  
*Includes area of Tonle Sap Lake (3,000 Km2) 
 Source for area figures: Ministry of Interior.  
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II. Land Use 

COVERAGE NAME : landuse 

PRECISION : DOUBLE 

PROJECTION : UTM, Meters, Zn: 48, Sph.: Everest 1830,  

Dat.: Indian 1960 (Vietnam Near 160 N) 

FEATURE TYPE : POLYGON 

DESCRIPTION : Landuse data as interpreted from LandSAT TM imagery 

DATABASE SCHEMA DEFINITION: 

ITEM NAME ITEM WIDTH ITEM OUTPUT 
WIDTH 

ITEM TYPE ITEM DECIMAL 
PLACES 

AREA 8 18 F 5 
PERIMETER 8 18 F 5 
LANDUSE# 4 5 B - 
LANDUSE-ID 4 5 B - 
LU_CODE 4 5 B - 
TOPO_CODE 4 5 B - 
CLASSIFICATION 5 5 C - 
CATEGORY 40 40 C - 
NAME 80 80 C - 

 

ITEM DEFINITION: 

AREA : Area in Square Meter 
PERIMETER : Perimeter in Meter 
LANDUSE# : Internal ID Number 
LANDUSE-ID : User Defined ID Number 
LU_CODE : Landuse Code Number 
TOPO_CODE : Topographic Map Landuse Code Number (see TOPO_LANDUSE entry) 
CLASSIFICATION: Classification Abbreviation of Landuse  
CATEGORY         : Category of Landuse 
NAME                   : Name of Landuse 

 
 
 

RELATED DATA FILE DESCRIPTION: 

LU_CODE CLASSIFICATION CATEGORY NAME 
1 U Urban, Built-up Areas Settlement 
2 I Urban, Built-up Areas Infrastructure (Airfield, playground, cemetery etc.) 
3 Ar Agricultural lands Paddy field 
4 Al Agricultural lands Receding and Floating rice fields 
5 Au Agricultural lands Field crop 
6 As Agricultural lands Swidden agriculture (Slash and burn) 
7 Ao Agricultural lands Orchard 
8 Ap Agricultural lands Plantation (Rubber plantation) 
9 Av Agricultural lands Village garden crop 
10 Ag Agricultural lands Garden crop 
11 Arv Agricultural lands Paddy field with villages 
12 G Grasslands Grassland (undifferentiated) 
13 Ga Grasslands Abandoned field covered by grass 
14 Gf Grasslands Flooded grassland 
15 Gs Grasslands Grass Savannah 
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16 Gm Grasslands Grass with termite mounds 
17 Ms Grasslands Marsh and swamp 
18 S Shrublands Shrubland (undifferentiated) 
19 Sa Shrublands Abandoned field covered by shrub 
20 Sf Shrublands Flooded shrub 
21 St Shrublands Woodland and scattered trees (C < 10%) 
22 Fe Forest covers Evergreen broad leafed forest 
23 Fc Forest covers Coniferous forest 
24 Fd Forest covers Deciduous forest 
25 Fdo Forest covers Dry Deciduous (Open) forest 
26 Fx Forest covers Mixed forest from evergreen and deciduous species 
27 Fr Forest covers Riparian forest 
28 Fs Forest covers Bamboo and Secondary forests 
29 Ff Forest covers Flooded forest 
30 Fm Forest covers Mangrove forest 
31 Fmd Forest covers Degraded mangrove forest 
32 Fp Forest covers Forest plantation 
33 Wl Water Features Lakes (>8 ha) 
34 Wp Water Features Lakes (<8 ha) 
35 Wr Water Features Reservoir 
36 Ws Water Features Shrimp/Fish farming and Salt pan 
37 Wo Water Features Others (Sea, Bay, etc.) 
38 B Soils and Rocks Barren land 
39 Bs Soils and Rocks Sand bank 
40 Br Soils and Rocks Rock outcrop 
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III. Field survey questionnaire 

aaa 
ID Question Code Interviewer UTM Coordinate Date & Time 
1 KHTPS001 Mr. Teng Peng Seang 48 P 546300 1341210 9/28/2018 9:03 
2 KHBR003 Mr. Prom Bora 48 P 569383 1367259 10/27/2018 10:54 
3 KHBR001 Mr. Prom Bora 48 P 545953 1341505 10/25/2018 16:15 
4 KHSV001 Mr. Nuon Savoen 48 P 544524 1343240 10/26/2018 10:16 
5 KHTPS002 Mr. Teng Peng Seang 48 P 544514 1343236 10/25/2018 16:33 
6 KHBR017 Mr. Prom Bora 48 P 544519 1343227 10/26/2018 9:54 
7 KHSV002 Mr. Nuon Savoen 48 P 548870 1345620 10/26/2018 14:00 
8 KHTPS003 Mr. Teng Peng Seang 48 P 548490 1345947 10/26/2018 14:17 
9 KHBR002 Mr. Prom Bora 48 P 545979 1347348 10/26/2018 14:39 

10 KHSV003 Mr. Nuon Savoen 48 P 569476 1367308 10/27/2018 10:47 
11 KHBR004 Mr. Prom Bora 48 P 569969 1368505 10/27/2018 13:40 
12 KHSV004 Mr. Nuon Savoen 48 P 569955 1368532 10/27/2018 13:44 
13 KHSV005 Mr. Nuon Savoen 48 P 565975 1372746 10/28/2018 8:19 
14 KHBR005 Mr. Prom Bora 31 P 565985 1372754 10/28/2018 8:48 
15 KHSV006 Mr. Nuon Savoen 48 P 568473 1373711 10/28/2018 10:38 
16 KHBR006 Mr. Prom Bora 31 P 568498 1373751 10/28/2018 10:42 
17 KHBR007 Mr. Prom Bora 31 P 563687 1376702 10/28/2018 13:08 
18 KHSV007 Mr. Nuon Savoen 48 P 563747 1376763 10/28/2018 13:13 
19 KHBR008 Mr. Prom Bora 48 P 546880 1369633 10/29/2018 8:26 
20 KHSV008 Mr. Nuon Savoen 48 P 546923 1369714 10/29/2018 8:28 
21 KHSV009 Mr. Nuon Savoen 48 P 547914 1371928 10/29/2018 10:03 
22 KHBR009 Mr. Prom Bora 48 P 546932 1369719 10/29/2018 10:06 
23 KHSV010 Mr. Nuon Savoen 48 P 549612 1369840 11/7/2018 12:02 
24 KHTPS004 Mr. Teng Peng Seang 48 P 547265 1370858 11/7/2018 12:04 
25 KHBR010 Mr. Prom Bora 48 P 547331 1371012 11/7/2018 12:11 
26 KHSV011 Mr. Nuon Savoen 48 P 548461 1372707 11/7/2018 13:38 
27 KHTPS005 Mr. Teng Peng Seang 48 P 547935 1375809 11/7/2018 13:54 
28 KHBR011 Mr. Prom Bora 48 P 547744 1376146 11/7/2018 14:01 
29 KHTPS006 Mr. Teng Peng Seang 48 P 549109 1373556 11/7/2018 15:20 
30 KHSV012 Mr. Nuon Savoen 48 P 548175 1372691 11/7/2018 15:20 
31 KHBR012 Mr. Prom Bora 48 P 549122 1373601 11/7/2018 15:23 
32 KHSV013 Mr. Nuon Savoen 48 P 546858 1369797 11/8/2018 8:17 
33 KHTPS007 Mr. Teng Peng Seang 48 P 546835 1369870 11/8/2018 8:19 
34 KHBR013 Mr. Prom Bora 48 P 547010 1370490 11/8/2018 8:42 
35 KHSV014 Mr. Nuon Savoen 48 P 546787 1369809 11/8/2018 9:42 
36 KHTPS008 Mr. Teng Peng Seang 48 P 547041 1370649 11/8/2018 9:50 
37 KHBR014 Mr. Prom Bora 48 P 547097 1370692 11/8/2018 9:54 
38 KHTPS009 Mr. Teng Peng Seang 48 P 547065 1370649 11/8/2018 10:01 
39 KHTPS010 Mr. Teng Peng Seang 48 P 547058 1370665 11/8/2018 10:47 
40 KHSV015 Mr. Nuon Savoen 48 P 547062 1370671 11/8/2018 10:54 
41 KHSV016 Mr. Nuon Savoen 48 P 549217 1373776 11/8/2018 12:43 
42 KHTPS011 Mr. Teng Peng Seang 48 P 549317 1373802 11/8/2018 12:45 
43 KHBRO15 Mr. Prom Bora 48 P 549122 1373586 11/8/2018 12:47 
44 KHBR016 Mr. Prom Bora 48 P 549197 1373780 11/8/2018 13:52 
45 KHSV017 Mr. Nuon Savoen 48 P 549122 1373586 11/8/2018 13:57 
46 KHTPS012 Mr. Teng Peng Seang 48 P 549400 1373796 11/8/2018 14:07 
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fd 
dd A. General Information    

ID 
1. Head of the 

household - 
Gender? 

2. Head of the 
household - 

Age? 

3. Name of 
respondent? 

4.  Status of the 
respondent with the 
head of household 

5. Status of the 
respondent in the 
household - Age? 

1 Male 60 and above Ven Soeun Head of household 60 and above 
2 Male 60 and above kay Ya Head of household 60 and above 
3 Male 60 and above Ven Soeun Head of household 60 and above 
4 Male 50-59 Vorn Phol Head of household 50-59 
5 Male 40-49  Boeun lin Head of household 40-49 
6 Male 30-39 Harm Heang Head of household 30-39 
7 Female 50-59 Art Wife 50-59 
8 Male 50-59 yin mao Head of household 50-59 
9 Male 50-59 Seng Eth Head of household 50-59 
10 Male 60 and above mom soy Head of household 60 and above 
11 Male 60 and above Pich Rinn Head of household 60 and above 
12 Female 50-59 say phon Wife 50-59 
13 Female 40-49 An hang Wife 40-49 
14 Male 50-59 Hourng Head of household 50-59 
15 Female 50-59 Sok lim Wife 50-59 
16 Male 40-49 Thun Head of household 40-49 
17 Male 50-59 Chanthy Wife 40-49 
18 Male 50-59 Nham hoeun Head of household 50-59 
19 Male 40-49 khea Husband 40-49 
20 Male 40-49 choy chen Husband 40-49 
21 Female 30-39 Sok keang Wife 30-39 
22 Male 40-49 Sam Arth Wife 40-49 
23 Male 60 and above Sim khim Head of household 60 and above 
24 Male 30-39 Chorn cheng Head of household 30-39 
25 Male 50-59 Hourn  Yean Head of household 50-59 
26 Female 40-49 som kong Wife 40-49 
27 Male 60 and above Korn Kang Head of household 60 and above 
28 Male 50-59 Tachouth Head of household 50-59 
29 Male 30-39 Ngong chay Wife 30-39 
30 Female 50-59 Phan phin Wife 50-59 
31 Male 30-39 sek kim soeun Wife 30-39 
32 Male 60 and above sek mun Husband 60 and above 



Appendix 

A7 
 

33 Male 40-49 SIM heat Etc. 60 and above 
34 Male Less than 30 socheth Wife Less than 30 
35 Female 40-49 mun soknen Wife 40-49 
36 Male 50-59 Voir song hak  Head of household 50-59 
37 Male 40-49 Em Chamroeun Head of household 40-49 
38 Male 50-59 Vour Hak Head of household 50-59 
39 Male 50-59 Srey vouch  Head of household 50-59 
40 Male 50-59 khin khun Husband 50-59 
41 Male 60 and above pech pon Husband 60 and above 
42 Male 30-39 Koeun koun Wife 30-39 
43 Male 30-39 Pon Seng Hou Wife 30-39 
44 Male 30-39 Aoa  Eourn Head of household 30-39 
45 Female 50-59 Pon yon Wife 50-59 
46 Male 30-39 Um Sam Wife 40-49 

 
 

ID 

6. Status of the 
respondent in  

the household - 
Gender? 

7. Status of 
the 

respondent in  
the household 
Marital 
status? 

8. Status of the 
respondent in  

the household - 
Religion? 

9. Status of the 
respondent in the 

household - 
Citizenship? 

10. Status of the respondent in 
the household _ Educational 

status? 

1 Male Married Buddhism Cambodian Cannot read or write 
2 Male Married Buddhism Cambodian Completed less than high school 
3 Male Married Buddhism Cambodian Cannot read or write 
4 Male Married Buddhism Cambodian Cannot read or write 
5 Male Married Buddhism Cambodian Completed less than high school 
6 Male Married Buddhism Cambodian Completed less than high school 
7 Female Widow Buddhism Cambodian Completed less than high school 
8 Male Married Buddhism Cambodian Cannot read or write 
9 Male Married Buddhism Cambodian Cannot read or write 
10 Male Married Buddhism Cambodian Completed less than high school 
11 Male Married Buddhism Cambodian Completed less than high school 
12 Female Married Buddhism Cambodian Completed less than high school 
13 Female Married Buddhism Cambodian Completed less than high school 
14 Male Married Buddhism Cambodian Completed less than high school 
15 Female Married Buddhism Cambodian Completed less than high school 
16 Male Married Buddhism Cambodian Cannot read or write 
17 Female Married Buddhism Cambodian Completed less than high school 
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18 Male Married Buddhism Cambodian Completed less than high school 
19 Male Married Buddhism Cambodian Cannot read or write 
20 Male Married Buddhism Cambodian Completed less than high school 
21 Female Married Buddhism Cambodian Cannot read or write 
22 Female Married Buddhism Cambodian Completed less than high school 
23 Male Married Buddhism Cambodian Completed less than high school 
24 Male Married Buddhism Cambodian Cannot read or write 
25 Male Married Buddhism Cambodian Completed less than high school 
26 Female Married Buddhism Cambodian Cannot read or write 
27 Male Married Buddhism Cambodian Completed less than high school 
28 Male Married Buddhism Cambodian Cannot read or write 
29 Female Married Buddhism Cambodian Completed less than high school 
30 Female Married Buddhism Cambodian Cannot read or write 
31 Female Married Buddhism Cambodian Cannot read or write 
32 Male Married Buddhism Cambodian Completed less than high school 
33 Female Widow Buddhism Cambodian Completed less than high school 
34 Female Married Buddhism Cambodian Completed less than high school 
35 Female Married Buddhism Cambodian Completed less than high school 
36 Male Married Buddhism Cambodian Completed less than high school 
37 Male Married Buddhism Cambodian Completed less than high school 
38 Male Married Buddhism Cambodian Completed less than high school 
39 Male Married Buddhism Cambodian Completed less than high school 
40 Male Married Buddhism Cambodian Completed less than high school 
41 Male Married Buddhism Cambodian Completed less than high school 
42 Female Married Buddhism Cambodian Cannot read or write 
43 Female Married Buddhism Cambodian Completed less than high school 
44 Male Married Buddhism Cambodian Cannot read or write 
45 Female Widow Buddhism Cambodian Cannot read or write 
46 Female Married Buddhism Cambodian Completed less than high school 

 
 
 
 
 

   B. Agricultural land use 

ID 

11. Number 
of members 

of the 
household? 

12. For how long have 
your family been  

cultivating/utilizing in 
this land? (In years) 

1. In which year that 
the farmer changed 

from the previous land 
use to the current land 

use?  

1. In which year that the 
farmer changed from 

the previous land use to 
the current land use? 

(Current) 

2. Land 
use/land  

cover 
type?  
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(Previous) 

1 5p 20y 1993 1998-2018 BD 
2 5p 22y 1996 1996-2018 BD 
3 4p 25y 1993 1993-2018 BD 
4 7p 11y 1993 2007-2018 SH 
5 5p 10y 2008 2009-2018 BD 
6 5p 18y 2000 2000-2018 BaF 
7 2p 13y 2005 2005-2018 SH 
8 4p 10y 2008 2008-2018 BD 
9 7p 25y 1993 1993-2018 BD 
10 6p 25y 1993 1993-2018 BE 
11 6p 25y 1993 1993-2018 SH 
12 10p 25y 1993 1993-2018 BD 
13 6p 14y 2004 2004-2018 SH 
14 4p 9y 2010 2010-2018 BaF 
15 7p 10y 2008 2008-2018 BE 
16 3p 20y 1998 1998-2018 BE 
17 5p 10y 2008 2008-2018 SH 
18 6p 11y 2007 2007-2018 BE 
19 5p 25y 1993 1993-2018 BD 
20 5p 18y 2000 2000-2018 BE 
21 5p 25y 1993 1993-2018 BE 
22 5p 8y 2010 2010-2018 SH 
23 6p 32y 1986 1986-2018 GR 
24 4p 25y 1993 1993-2018 BD 
25 4p 13y 2005 2005-2018 BaF 
26 10p 20y 1998 1998-2018 BE 
27 6p 20y 1998 1998-2018 SH 
28 4p 16y 2002 2002-2018 BaF 
29 5p 18y 2000 1998-2018 SH 
30 6p 13y 2005 2005-2018 SH 
31 6p 13y 2005 2005-2018 SH 
32 10p 25y 1993 1993-2018 BD 
33 5p 24y 1995 1995-2018 SH 
34 6p 17y 2001 2001-2018 SH 
35 6p 15y 2003 2003-2018 BD 
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36 5p 8y 2009 2010-2018 SH 
37 4p 23y 1995 1995-2018 SH 
38 5p 15y 2003 2003-2018 BD 
39 6p 21y 1997 1997-2018 BD 
40 8p 24y 1994 1994-2018 BE 
41 6p 22y 1996 1996-2018 BE 
42 5p 18y 1995 1995-2018 BD 
43 4p 12y 2006 2006-2018 GR 
44 4p 22y 1996 1996-2018 SH 
45 6p 4y 2014 2014-2018 SH 
46 6p 18y 1992 1992-2018 BD 

 
 
 
 
 
 

ID 2. Land use/land cover type? (Previous) 

 2. Land 
use/land  

cover type?  
(Current) 

2. Land use/land cover 
type? (Current) 

 
3. Total 

area (ha)  
(Previous) 

1 BD (Broadleaved Deciduous Forest);BE 
(Broadleaved E 

 Or Or (Orchard);PR (Paddy 
Rice) 

 -9999 

2 BD (Broadleaved Deciduous Forest);SH 
(Shrubland) 

 AC AC (Annual Crop);PR 
(Paddy R 

i -9999 

3 BD (Broadleaved Deciduous Forest);SH 
(Shrubland) 

 Or Or (Orchard);PR (Paddy 
Rice) 

 -9999 

4 SH (Shrubland)  AC AC (Annual Crop)  -9999 
5 BD (Broadleaved Deciduous Forest);BE 

(Broadleaved E 
 Or Or (Orchard)  -9999 

6 BaF (Bamboo Forest);BE (Broadleaved 
Evergreen Fore 

s AC AC (Annual Crop)  -9999 

7 SH (Shrubland)  PR PR (Paddy Rice)  -9999 
8 BD (Broadleaved Deciduous Forest);BE 

(Broadleaved E 
 Or Or (Orchard);PR (Paddy 

Rice); 
A -9999 

9 BD (Broadleaved Deciduous Forest);BaF 
(Bamboo Fore 

 Or Or (Orchard)  -9999 

10 BE (Broadleaved Evergreen Forest);GR 
(Grassland) 

 PR PR (Paddy Rice)  -9999 

11 SH (Shrubland);BaF (Bamboo Forest);GR 
(Grassland) 

 PR PR (Paddy Rice);Or 
(Orchard) 

 -9999 

12 BD (Broadleaved Deciduous Forest)  Or Or (Orchard)  -9999 
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13 SH (Shrubland)  Or Or (Orchard)  -9999 
14 BaF (Bamboo Forest);FP (Forest Plantation)  Or Or (Orchard)  -9999 
15 BE (Broadleaved Evergreen Forest);BD 

(Broadleaved D 
 Or Or (Orchard)  -9999 

16 BE (Broadleaved Evergreen Forest);SH 
(Shrubland);Ba 

F PR PR (Paddy Rice);AC 
(Annual Cr 

 -9999 

17 SH (Shrubland);BaF (Bamboo Forest)  Or Or (Orchard)  -9999 
18 BE (Broadleaved Evergreen Forest)  Or Or (Orchard)  -9999 
19 BD (Broadleaved Deciduous Forest);BaF 

(Bamboo Fore 
 AC AC (Annual Crop)  -9999 

20 BE (Broadleaved Evergreen Forest)  AC AC (Annual Crop);Or 
(Orchard 

) -9999 

21 BE (Broadleaved Evergreen Forest)  Or Or (Orchard);AC (Annual 
Crop 

) -9999 

22 SH (Shrubland)  AC AC (Annual Crop);Or 
(Orchard 

) -9999 

23 GR (Grassland)  PR PR (Paddy Rice)  -9999 
24 BD (Broadleaved Deciduous Forest);BE 

(Broadleaved E 
 PR PR (Paddy Rice)  -9999 

25 BaF (Bamboo Forest);SH (Shrubland)  AC AC (Annual Crop)  -9999 
26 BE (Broadleaved Evergreen Forest)  Or Or (Orchard);AC (Annual 

Crop 
) -9999 

27 SH (Shrubland);BD (Broadleaved Deciduous 
Forest);BE 

 Or Or (Orchard);PR (Paddy 
Rice) 

 -9999 

28 BaF (Bamboo Forest);BD (Broadleaved 
Deciduous Fore 

 Or Or (Orchard)  -9999 

29 SH (Shrubland);BD (Broadleaved Deciduous 
Forest);BE 

 PR PR (Paddy Rice);Or 
(Orchard); 

A -9999 

30 SH (Shrubland)  Or Or (Orchard);AC (Annual 
Crop 

) -9999 

31 SH (Shrubland);BaF (Bamboo Forest)  Or Or (Orchard)  -9999 
32 BD (Broadleaved Deciduous Forest)  AC AC (Annual Crop);Or 

(Orchard 
) -9999 

33 SH (Shrubland);BD (Broadleaved Deciduous 
Forest);BE 

 Or Or (Orchard)  -9999 

34 SH (Shrubland);BaF (Bamboo Forest)  AC AC (Annual Crop)  -9999 
35 BD (Broadleaved Deciduous Forest)  Or Or (Orchard)  -9999 
36 SH (Shrubland);BD (Broadleaved Deciduous 

Forest) 
 Or Or (Orchard);PR (Paddy 

Rice) 
 -9999 

37 SH (Shrubland);BaF (Bamboo Forest)  AC AC (Annual Crop)  -9999 
38 BD (Broadleaved Deciduous Forest);BE 

(Broadleaved E 
 Or Or (Orchard);AC (Annual 

Crop 
) -9999 
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39 BD (Broadleaved Deciduous Forest);BE 
(Broadleaved E 

 Or Or (Orchard)  -9999 

40 BE (Broadleaved Evergreen Forest)  Or Or (Orchard)  -9999 
41 BE (Broadleaved Evergreen Forest)  Or Or (Orchard);AC (Annual 

Crop 
) -9999 

42 BD (Broadleaved Deciduous Forest);BE 
(Broadleaved E  Or Or (Orchard)  -9999 

43 GR (Grassland);BaF (Bamboo Forest)  AC AC (Annual Crop)  -9999 
44 SH (Shrubland);BaF (Bamboo Forest)  AC AC (Annual Crop);Or 

(Orchard 
) -9999 

45 SH (Shrubland)  AC AC (Annual Crop);Or 
(Orchard 

) -9999 

46 BD (Broadleaved Deciduous Forest);BE 
(Broadleaved E 

 Or Or (Orchard);AC (Annual 
Crop 

) -9999 

 
 
 

ID 

3. Total 
area  
(ha) 
(Current) 

4. Crop type/variety? 
(Optional) (Previous) 

4. Crop 
type/variety?  

(Optional)  
(Current) 

4. Crop type/variety? 
(Optional) (Current) 

5. Number of crops  
per year, cropping 
season?  (Previous) 

1 5Ha forest Cashew cashew Non-cropping area 
2 4Ha forest Paddy field  Paddy field  Non-cropping area 
3 5Ha forest Paddy field  Rice  Non-cropping area 
4 10Ha shrubland forest  Cassava Cassava Non-cropping area 
5 5Ha forest Cashew Cashew tree Non-cropping area 
6 8Ha forest Cassava cassava Non-cropping area 
7 1Ha shrubland Paddy field rice Non-cropping area 
8 3Ha forest Cashew Cashew, rice, cassava Non-cropping area 
9 2Ha forest Cashew Cashew Non-cropping area 
10 1Ha forest Paddy field rice Non-cropping area 
11 4Ha forest Cashew Cashew  4ha Non-cropping area 
12 2.5Ha forest Cashew cashew Non-cropping area 
13 2Ha shrubland Rubber rubber, cashew, mango Non-cropping area 
14 17Ha forest Rubber Rubber Non-cropping area 
15 4Ha forest Cashew cashew Non-cropping area 
16 5Ha forest Cashew Cashew and Rice Non-cropping area 
17 3.5Ha forest Cashew cashew Non-cropping area 
18 12Ha forest Rubber rubber cashew Non-cropping area 
19 3.5Ha forest Cassava cassava Non-cropping area 
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20 3Ha forest Cassava cassava, cashew Non-cropping area 
21 3Ha forest Mango cashew,mongo,cassava Non-cropping area 
22 8Ha forest Cashew cashew and cassava Non-cropping area 
23 2Ha grassland Paddy field rice Non-cropping area 
24 1Ha forest Paddy field rice Non-cropping area 
25 6Ha forest Cassava cassava Non-cropping area 
26 5Ha forest Cassava cassava Non-cropping area 
27 4Ha forest Cashew Cashew tree, Mango tree, 

ric 
Non-cropping area 

28 3Ha forest Cashew cashew Non-cropping area 
29 3Ha forest Paddy field rice, cashew tree Non-cropping area 
30 2.5Ha shrubland Mango mongo Non-cropping area 
31 3Ha forest Cashew cashew Non-cropping area 
32 2.5Ha forest Cashew cashew Non-cropping area 
33 6Ha forest Cashew Cashew Tree Non-cropping area 
34 4Ha forest Cassava cassava Non-cropping area 
35 10Ha forest Cashew cashew Non-cropping area 
36 4Ha Forest Cashew Cashew Tree,  Non-cropping area 
37 2Ha forest Cassava cassava Non-cropping area 
38 10Ha forest Cashew cashew tree, casava Non-cropping area 
39 6Ha forest Cashew Cashew tree Non-cropping area 
40 3Ha forest Cashew cashew Non-cropping area 
41 4Ha forest Cassava cassava, Non-cropping area 
42 1Ha forest Cashew cashew tree Non-cropping area 
43 3Ha forest Cassava cassava Non-cropping area 
44 2Ha forest Cassava cassava Non-cropping area 
45 5Ha shrubland Cassava cassava,cashew,mongo Non-cropping area 
46 5Ha forest Mango cashew tree, mango tree Non-cropping area 

 
 
 

ID 

5. Number of 
crops  
per year, cropping 
season?  
(Current) 

6. Rotational (R) 
or Permanent 

(P)?  
(Previous) 

6. Rotational (R) 
or Permanent 
(P)? (Current) 

7. Irrigated (I) or 
Nonirrigated (NI)?  

(Previous) 

7. Irrigated (I) or 
Nonirrigated (NI)?  

(Current) 

1 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Irrigated (I) 
2 2 crops per year Permanent (P) Rotational (R) Irrigated (I) Irrigated (I) 
3 2 crops per year Permanent (P) Rotational (R) Non-irrigated (NI) Irrigated (I) 
4 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
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5 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
6 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
7 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
8 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
9 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
10 2 crops per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
11 2 crops per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
12 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
13 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
14 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
15 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
16 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
17 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
18 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
19 1 crop per year Permanent (P) Rotational (R) Non-irrigated (NI) Non-irrigated (NI) 
20 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
21 1 crop per year Permanent (P) Rotational (R) Non-irrigated (NI) Non-irrigated (NI) 
22 1 crop per year Rotational (R) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
23 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
24 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
25 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
26 1 crop per year Rotational (R) Rotational (R) Non-irrigated (NI) Non-irrigated (NI) 
27 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
28 Perennial crops Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
29 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
30 1 crop per year Permanent (P) Rotational (R) Non-irrigated (NI) Non-irrigated (NI) 
31 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
32 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
33 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
34 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
35 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
36 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
37 1 crop per year Permanent (P) Rotational (R) Non-irrigated (NI) Non-irrigated (NI) 
38 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
39 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
40 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
41 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
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42 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
43 1 crop per year Permanent (P) Rotational (R) Non-irrigated (NI) Non-irrigated (NI) 
44 1 crop per year Permanent (P) Rotational (R) Non-irrigated (NI) Non-irrigated (NI) 
45 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 
46 1 crop per year Permanent (P) Permanent (P) Non-irrigated (NI) Non-irrigated (NI) 

 
 
 

ID 
8. If irrigated, what 
type of irrigation? 

(Previous) 

8. If irrigated, what type 
of irrigation? (Current) 

9. How did you obtain 
the lands? (Previous) 

9. How did you obtain 
the lands? (Current) 

1 Others, please specify. Surface irrigation Other, please specify. Government land 
allocation 

2 Surface irrigation Surface irrigation;Ditch 
irriga 

Other, please specify. Clearing 

3 Others, please specify. Surface irrigation Other, please specify. Government land 
allocation 

4 Others, please specify. Others, please specify. Other, please specify. Rent 
5 Others, please specify. Others, please specify. Other, please specify. Bought 
6 Others, please specify. Others, please specify. Other, please specify. Bought 
7 Others, please specify. Others, please specify. Other, please specify. Bought 
8 Others, please specify. Others, please specify. Other, please specify. Clearing 
9 Others, please specify. Others, please specify. Other, please specify. Bought 
10 Others, please specify. Surface irrigation Inheritance Inheritance 
11 Others, please specify. Ditch irrigation;Surface 

irriga 
Other, please specify. Bought 

12 Others, please specify. Others, please specify. Clearing Government land 
allocation 

13 Others, please specify. Others, please specify. Clearing Bought 
14 Others, please specify. Others, please specify. Other, please specify. Bought 
15 Others, please specify. Others, please specify. Other, please specify. Bought 
16 Others, please specify. Others, please specify. Other, please specify. Bought 
17 Others, please specify. Others, please specify. Other, please specify. Rent 
18 Others, please specify. Others, please specify. Other, please specify. Bought 
19 Others, please specify. Others, please specify. Other, please specify. Bought 
20 Others, please specify. Others, please specify. Other, please specify. Bought 
21 Others, please specify. Others, please specify. Other, please specify. Inheritance 
22 Others, please specify. Others, please specify. Other, please specify. Bought 
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23 Others, please specify. Others, please specify. Other, please specify. Government land 
allocation 

24 Others, please specify. Others, please specify. Other, please specify. Clearing 
25 Others, please specify. Others, please specify. Other, please specify. Bought 
26 Others, please specify. Others, please specify. Other, please specify. Bought 
27 Others, please specify. Others, please specify. Other, please specify. Bought 
28 Others, please specify. Others, please specify. Other, please specify. Bought 
29 Others, please specify. Others, please specify. Other, please specify. Bought 
30 Others, please specify. Others, please specify. Other, please specify. Bought 
31 Others, please specify. Others, please specify. Other, please specify. Bought 
32 Others, please specify. Others, please specify. Bought Bought 
33 Others, please specify. Others, please specify. Other, please specify. Clearing 
34 Others, please specify. Others, please specify. Other, please specify. Clearing 
35 Others, please specify. Others, please specify. Government land 

allocation 
Government land 
allocation 

36 Others, please specify. Others, please specify. Bought;Clearing Bought 
37 Others, please specify. Others, please specify. Other, please specify. Bought 
38 Others, please specify. Others, please specify. Bought;Clearing Clearing 
39 Others, please specify. Others, please specify. Other, please specify. Clearing 
40 Others, please specify. Others, please specify. Bought Bought 
41 Others, please specify. Others, please specify. Government land 

allocation; 
BBought 

42 Others, please specify. Others, please specify. Other, please specify. Clearing 
43 Others, please specify. Others, please specify. Other, please specify. Inheritance 
44 Others, please specify. Others, please specify. Other, please specify. Inheritance 
45 Others, please specify. Others, please specify. Government land 

allocation 
Government land 
allocation 

46 Others, please specify. Others, please specify. Other, please specify. Bought 
 
 

ID 9. How did you obtain the 
lands? (Current) 

 10. Do you have 
official documents on 
the land?  

(Y/N), If yes, please 
specify. (Previous) 

10. Do you have 
official documents 
on the land? (Y/N), 

If yes, please specify.  

11. Annual 
production 

(Tons)? 
(Previous) 

1 Government land 
allocation;Clea 

 No Yes -9999 

2 Clearing;Bought;Inheritance  No Yes -9999 

3 Government land 
allocation;Clea 

 No Yes -9999 
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4 Rent  No Yes -9999 

5 Bought;Government land 
allocat 

 No Yes -9999 

6 Bought;Clearing  No Yes -9999 

7 Bought  No Yes -9999 

8 Clearing;Government land 
alloca 

 No Yes -9999 

9 Bought;Clearing  No Yes -9999 

10 Inheritance  No Yes -9999 

11 Bought;Clearing;Inheritance  No Yes -9999 

12 Government land allocation  No Yes -9999 

13 Bought;Clearing  No Yes -9999 

14 Bought;Clearing;Inheritance  No Yes -9999 

15 Bought  No Yes -9999 

16 Bought;Clearing  No Yes -9999 

17 Rent;Bought;Clearing  Yes Yes -9999 

18 Bought;Clearing  No Yes -9999 

19 Bought;Clearing  No Yes -9999 

20 Bought  No No -9999 

21 Inheritance  No Yes -9999 

22 Bought;Clearing  No Yes -9999 

23 Government land allocation  No No -9999 

24 Clearing  No No -9999 

25 Bought;Clearing  No Yes -9999 

26 Bought  No Yes -9999 

27 Bought;Clearing  No Yes -9999 

28 Bought;Clearing  No Yes -9999 

29 Bought;Clearing  No Yes -9999 

30 Bought  No Yes -9999 

31 Bought;Clearing  No Yes -9999 
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32 Bought;Other, please specify.  No No -9999 

33 Bought;Clearing  No Yes -9999 

34 Bought;Clearing  No Yes -9999 

35 Government land allocation  No Yes -9999 

36 Bought;Clearing;Government 
lan  No Yes -9999 

37 Bought;Clearing  No Yes -9999 

38 Bought;Clearing  No Yes -9999 

39 Bought;Clearing  No Yes -9999 

40 Bought  No Yes -9999 

41 Bought;Government land 
allocat  No Yes -9999 

42 Bought;Clearing  No Yes -9999 

43 Bought;Inheritance  No Yes -9999 

44 Bought;Inheritance  No Yes -9999 

45 Government land 
allocation;Oth 

e No Yes -9999 

46 Bought;Clearing;Government 
lan  No Yes -9999 

 
 
 

ID 

11. Annual 
production 

(Tons)? 
(Current) 

11. Annual 
production  

(Tons)? 
(Current) 

12. Annual 
average yield 
(Tons/Ha)?  
(Previous) 

12. Annual 
average yield 
(Tons/Ha)? 
(Current) 

12. Annual 
average yield 
(Tons/Ha)?  
(Current) 

1 3 3 -9999 0.8T/ha 0.8 
2 30 30 -9999 7.5T/ha 7.5 
3 30 30 -9999 6T/ha 6 
4 2 1.5 -9999 1.5T/ha 1.5 
5 0.6 0.6 -9999 0.1T/ha 0.1 
6 120 120 -9999 15T/ha 15 
7 3 2.4 -9999 2.4T/ha 2.4 
8 14 14 -9999 6T/ha 6 
9 1 1 -9999 0.5T/ha 0.5 
10 5 5 -9999 5T/ha 5 
11 9 9 -9999 6T/ha 6 
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12 1 1 -9999 0.4T/ha 0.4 
13 3 3 -9999 1.5T/ha 1.5 
14 23 23.1 -9999 1.5T/ha 1.5 
15 1 0.8 -9999 0.4T/ha 0.4 
16 5 4.2 -9999 1.8T/ha 1.8 
17 12 12 -9999 8T/ha 8 
18 8 8 -9999 1T/ha 1 
19 63 63 -9999 18T/ha 18 
20 4 4 -9999 20T/ha 20 
21 30 30 -9999 10T/ha 10 
22 42 42 -9999 10.5T/ha 10.5 
23 6 6 -9999 3T/ha 3 
24 2 2 -9999 2T/ha 2 
25 50 50 -9999 8.4T/ha 8.4 
26 10 10 -9999 2.5T/ha 2.5 
27 4 4 -9999 1.8T/ha 1.8 
28 3 3 -9999 1T/ha 1 
29 4 4 -9999 2T/ha 2 
30 10 10 -9999 0.5T/ha 0.5 
31 1 0.7 -9999 0.5T/ha 0.5 
32 2 1.5 -9999 0.5T/ha 0.5 
33 4 4 -9999 0.6T/ha 0.6 
34 24 24 -9999 6T/ha 6 
35 10 10 -9999 1T/ha 1 
36 3 3 -9999 0.65T/ha 0.65 
37 50 50 -9999 25T/ha 25 
38 6 6 -9999 0.6T/ha 0.6 
39 6 6 -9999 1T/ha 1 
40 2 1.3 -9999 0.433T/ha 0.433 
41 13 13 -9999 13T/ha 13 
42 1 0.5 -9999 0.5T/ha 0.5 
43 20 20 -9999 7T/ha 7 
44 40 40 -9999 20T/ha 20 
45 50 50 -9999 10T/ha 10 
46 85 85 -9999 17T/ha 17 
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ID 

13. Annual 
production cost  

(USD/ha) 
(Previous) 

13. Annual 
production 

cost  
(USD/ha)  
(Current) 

14. What is 
your 

market?  
(Previous) 

14. What is 
your market?  

(Current) 

15. Labour  
(Hire=H, 

Family=F, Hire 
and Family =  

HF) (Previous) 

15. 
Labour 

1 -9999 100 -9999 Local market -9999 F 
2 -9999 180 -9999 Local market -9999 HF 
3 -9999 175 -9999 Local market -9999 HF 
4 -9999 5820 -9999 Local market -9999 HF 
5 -9999 70 -9999 Local market -9999 H 
6 -9999 1500 -9999 Local market -9999 HF 
7 -9999 267.5 -9999 Local market -9999 HF 
8 -9999 900 -9999 Local market -9999 H 
9 -9999 30 -9999 Local market -9999 F 
10 -9999 571.25 -9999 Local market -9999 F 
11 -9999 180 -9999 Local market -9999 F 
12 -9999 86.75 -9999 Local market -9999 F 
13 -9999 500 -9999 Local market -9999 F 
14 -9999 45 -9999 Local market -9999 HF 
15 -9999 800 -9999 Local market -9999 F 
16 -9999 1200 -9999 Local market -9999 HF 
17 -9999 1250 -9999 Local market -9999 HF 
18 -9999 7000 -9999 Local market -9999 HF 
19 -9999 1350 -9999 Local market -9999 HF 
20 -9999 2724 -9999 Local market -9999 HF 
21 -9999 2396 -9999 Local market -9999 HF 
22 -9999 1250 -9999 Local market -9999 HF 
23 -9999 87.5 -9999 Local market -9999 F 
24 -9999 350 -9999 Local market -9999 HF 
25 -9999 215 -9999 Local market -9999 HF 
26 -9999 500 -9999 Local market -9999 F 
27 -9999 300 -9999 Local market -9999 HF 
28 -9999 45 -9999 Local market -9999 HF 
29 -9999 1500 -9999 Local market -9999 HF 
30 -9999 256 -9999 Local market -9999 HF 
31 -9999 130 -9999 Local market -9999 F 
32 -9999 507.5 -9999 Local market -9999 F 
33 -9999 900 -9999 Local market -9999 HF 
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34 -9999 350 -9999 Local market -9999 HF 
35 -9999 308 -9999 Local market -9999 HF 
36 -9999 1200 -9999 Local market -9999 HF 
37 -9999 560 -9999 Local market -9999 HF 
38 -9999 1500 -9999 Local market -9999 HF 
39 -9999 3000 -9999 Local market -9999 HF 
40 -9999 400 -9999 Local market -9999 HF 
41 -9999 200 -9999 Local market -9999 H 
42 -9999 200 -9999 Local market -9999 HF 
43 -9999 234 -9999 Local market -9999 HF 
44 -9999 345 -9999 Local market -9999 HF 
45 -9999 605 -9999 Local market -9999 HF 
46 -9999 2000 -9999 Local market -9999 H 

 
 
 

 C. Driving forces of agricultural land use change 

ID 

15. Labour (Hire=H,  
Family=F, Hire and 

Family = HF) 
(Current) 

1. Economic factor? 2. Institutional factor? 

1 Family=F More benefit with current crop Changed from Pol Pot time 
2 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
3 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
4 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
5 Hire=H More benefit with current crop Changed from Pol Pot time 
6 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
7 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
8 Hire=H More benefit with current crop Changed from Pol Pot time 
9 Family=F More benefit with current crop Changed from Pol Pot time 
10 Family=F More benefit with current crop Changed from Pol Pot time 
11 Family=F More benefit with current crop Changed from Pol Pot time 
12 Family=F More benefit with current crop Changed from Pol Pot time 
13 Family=F More benefit with current crop Changed from Pol Pot time 
14 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
15 Family=F More benefit with current crop Changed from Pol Pot time 
16 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
17 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
18 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
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19 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
20 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
21 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
22 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
23 Family=F More benefit with current crop Changed from Pol Pot time 
24 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
25 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
26 Family=F More benefit with current crop Changed from Pol Pot time 
27 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
28 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
29 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
30 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
31 Family=F More benefit with current crop Changed from Pol Pot time 
32 Family=F More benefit with current crop Changed from Pol Pot time 
33 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
34 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
35 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
36 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
37 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
38 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
39 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
40 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
41 Hire=H More benefit with current crop Changed from Pol Pot time 
42 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
43 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
44 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
45 Hire and Family = HF More benefit with current crop Changed from Pol Pot time 
46 Hire=H More benefit with current crop Changed from Pol Pot time 

 

ID 3. Location factor? 4. Environmental factor? 

1 No relationship with the location factor No relationship with environmental factor 
2 No relationship with the location factor No relationship with environmental factor 
3 No relationship with the location factor No relationship with environmental factor 
4 No relationship with the location factor No relationship with environmental factor 
5 No relationship with the location factor No relationship with environmental factor 
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6 No relationship with the location factor No relationship with environmental factor 
7 No relationship with the location factor No relationship with environmental factor 
8 No relationship with the location factor No relationship with environmental factor 
9 No relationship with the location factor No relationship with environmental factor 
10 No relationship with the location factor No relationship with environmental factor 
11 No relationship with the location factor No relationship with environmental factor 
12 No relationship with the location factor No relationship with environmental factor 
13 No relationship with the location factor No relationship with environmental factor 
14 No relationship with the location factor No relationship with environmental factor 
15 No relationship with the location factor No relationship with environmental factor 
16 No relationship with the location factor No relationship with environmental factor 
17 No relationship with the location factor No relationship with environmental factor 
18 No relationship with the location factor No relationship with environmental factor 
19 No relationship with the location factor No relationship with environmental factor 
20 No relationship with the location factor No relationship with environmental factor 
21 No relationship with the location factor No relationship with environmental factor 
22 No relationship with the location factor No relationship with environmental factor 
23 No relationship with the location factor No relationship with environmental factor 
24 No relationship with the location factor No relationship with environmental factor 
25 No relationship with the location factor No relationship with environmental factor 
26 No relationship with the location factor No relationship with environmental factor 
27 No relationship with the location factor No relationship with environmental factor 
28 No relationship with the location factor No relationship with environmental factor 
29 No relationship with the location factor No relationship with environmental factor 
30 No relationship with the location factor No relationship with environmental factor 
31 No relationship with the location factor No relationship with environmental factor 
32 No relationship with the location factor No relationship with environmental factor 
33 No relationship with the location factor No relationship with environmental factor 
34 No relationship with the location factor No relationship with environmental factor 
35 No relationship with the location factor No relationship with environmental factor 
36 No relationship with the location factor No relationship with environmental factor 
37 No relationship with the location factor No relationship with environmental factor 
38 No relationship with the location factor No relationship with environmental factor 
39 No relationship with the location factor No relationship with environmental factor 
40 No relationship with the location factor No relationship with environmental factor 
41 No relationship with the location factor No relationship with environmental factor 
42 No relationship with the location factor No relationship with environmental factor 
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43 No relationship with the location factor No relationship with environmental factor 
44 No relationship with the location factor No relationship with environmental factor 
45 No relationship with the location factor No relationship with environmental factor 
46 No relationship with the location factor No relationship with environmental factor 

 
 

 D. Impacts of agricultural land use change: 

ID 5. Sociocultural factor? 

1. "Chemical 
fertilizer", how  

many? (kg/ha/year) 
(Previous) 

1. "Chemical 
fertilizer", how many? 
(kg/ha/year) (Current) 

2. "Chemical 
fertilizer", how 

often?  
(times/year)  
(Previous) 

1 Changes in people 
lifestyles 

-9999 250 -9999 

2 Changes in people 
lifestyles 

-9999 10 -9999 

3 Changes in people 
lifestyles 

-9999 103 -9999 

4 Changes in people 
lifestyles 

-9999 100 -9999 

5 Changes in people 
lifestyles 

-9999 150 -9999 

6 Changes in people 
lifestyles 

-9999 100 -9999 

7 Changes in people 
lifestyles 

-9999 150 -9999 

8 Changes in people 
lifestyles 

-9999 400 -9999 

9 Changes in people 
lifestyles 

-9999 5 -9999 

10 Changes in people 
lifestyles 

-9999 50 -9999 

11 Changes in people 
lifestyles 

-9999 10 -9999 

12 Changes in people 
lifestyles 

-9999 0 -9999 

13 Changes in people 
lifestyles 

-9999 300 -9999 

14 Changes in people 
lifestyles 

-9999 279 -9999 

15 Changes in people 
lifestyles 

-9999 250 -9999 
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16 Changes in people 
lifestyles 

-9999 250 -9999 

17 Changes in people 
lifestyles 

-9999 125 -9999 

18 Changes in people 
lifestyles 

-9999 120 -9999 

19 Changes in people 
lifestyles 

-9999 0 -9999 

20 Changes in people 
lifestyles 

-9999 450 -9999 

21 Changes in people 
lifestyles 

-9999 150 -9999 

22 Changes in people 
lifestyles 

-9999 0 -9999 

23 Changes in people 
lifestyles 

-9999 0 -9999 

24 Changes in people 
lifestyles 

-9999 0 -9999 

25 Changes in people 
lifestyles 

-9999 15 -9999 

26 Changes in people 
lifestyles 

-9999 50 -9999 

27 Changes in people 
lifestyles 

-9999 0 -9999 

28 Changes in people 
lifestyles 

-9999 75 -9999 

29 Changes in people 
lifestyles 

-9999 200 -9999 

30 Changes in people 
lifestyles 

-9999 0 -9999 

31 Changes in people 
lifestyles 

-9999 2 -9999 

32 Changes in people 
lifestyles 

-9999 50 -9999 

33 Changes in people 
lifestyles 

-9999 250 -9999 

34 Changes in people 
lifestyles 

-9999 10 -9999 

35 Changes in people 
lifestyles 

-9999 200 -9999 

36 Changes in people 
lifestyles 

-9999 150 -9999 

37 Changes in people 
lifestyles 

-9999 200 -9999 
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38 Changes in people 
lifestyles 

-9999 100 -9999 

39 Changes in people 
lifestyles 

-9999 120 -9999 

40 Changes in people 
lifestyles 

-9999 330 -9999 

41 Changes in people 
lifestyles 

-9999 0 -9999 

42 Changes in people 
lifestyles 

-9999 0 -9999 

43 Changes in people 
lifestyles 

-9999 135 -9999 

44 Changes in people 
lifestyles 

-9999 20 -9999 

45 Changes in people 
lifestyles 

-9999 0 -9999 

46 Changes in people 
lifestyles 

-9999 0 -9999 

 
 
 
 
 
 
 
 

ID 

2. "Chemical 
fertilizer", how 

often?  
(times/year)  

3. "Organic 
fertilizer", 
how many?  
(kg/ha/year)  

3. 
"Organic 
fertilizer", 

how 
many?  

(kg/ha/yea 

4. "Organic 
fertilizer", 
how often?  
(times/year)  

4. "Organic 
fertilizer", 
how often?  
(times/year)  

5. "Other 
chemical  

inputs", how 
many?  

5. "Other 
chemical  

inputs", how 
many?  

1 1 -9999 0 -9999 0 -9999 4 
2 2 -9999 500 -9999 2 -9999 0 
3 2 -9999 500 -9999 2 -9999 40 
4 1 -9999 0 -9999 0 -9999 10 
5 1 -9999 0 -9999 0 -9999 10 
6 1 -9999 0 -9999 1 -9999 0 
7 2 -9999 0 -9999 0 -9999 30 
8 2 -9999 0 -9999 0 -9999 10 
9 2 -9999 0 -9999 0 -9999 0 
10 2 -9999 100 -9999 1 -9999 16 
11 2 -9999 500 -9999 2 -9999 0 



Appendix 

A27 
 

12 0 -9999 0 -9999 0 -9999 0 
13 2 -9999 0 -9999 0 -9999 16 
14 1 -9999 0 -9999 0 -9999 0 
15 1 -9999 0 -9999 0 -9999 12 
16 0 -9999 0 -9999 0 -9999 0 
17 0 -9999 0 -9999 0 -9999 0 
18 2 -9999 0 -9999 0 -9999 20 
19 0 -9999 0 -9999 0 -9999 0 
20 1 -9999 400 -9999 2 -9999 14 
21 3 -9999 0 -9999 0 -9999 30 
22 0 -9999 0 -9999 0 -9999 0 
23 0 -9999 0 -9999 0 -9999 3 
24 0 -9999 0 -9999 0 -9999 0 
25 1 -9999 0 -9999 0 -9999 0 
26 1 -9999 0 -9999 0 -9999 20 
27 0 -9999 0 -9999 0 -9999 0 
28 0 -9999 0 -9999 0 -9999 0 
29 1 -9999 100 -9999 1 -9999 3 
30 0 -9999 0 -9999 0 -9999 6 
31 0 -9999 0 -9999 0 -9999 0 
32 1 -9999 0 -9999 0 -9999 24 
33 1 -9999 0 -9999 0 -9999 0 
34 1 -9999 0 -9999 0 -9999 0 
35 2 -9999 0 -9999 0 -9999 12 
36 1 -9999 0 -9999 0 -9999 0 
37 2 -9999 0 -9999 0 -9999 0 
38 1 -9999 0 -9999 0 -9999 15 
39 1 -9999 50 -9999 1 -9999 2 
40 2 -9999 0 -9999 0 -9999 5 
41 0 -9999 0 -9999 0 -9999 10 
42 0 -9999 0 -9999 0 -9999 20 
43 1 -9999 0 -9999 0 -9999 0 
44 1 -9999 0 -9999 0 -9999 0 
45 0 -9999 0 -9999 0 -9999 20 
46 0 -9999 600 -9999 1 -9999 25 
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ID 

6. "Other 
chemical  

inputs", how 
often?  

6. "Other 
chemical inputs", 

how often?  
(times/year)  
(Current) 

7. "Other organic 
inputs", how many?  
(kg/ha/year) 
(Previous) 

7. "Other organic 
inputs", how many?  
(kg/ha/year) 
(Current) 

8. "Other organic 
inputs", how often?  

(times/year) 
(Previous) 

1 -9999 1 -9999 0 -9999 
2 -9999 0 -9999 0 -9999 
3 -9999 2 -9999 0 -9999 
4 -9999 1 -9999 0 -9999 
5 -9999 0 -9999 0 -9999 
6 -9999 0 -9999 0 -9999 
7 -9999 2 -9999 0 -9999 
8 -9999 1 -9999 0 -9999 
9 -9999 0 -9999 0 -9999 
10 -9999 2 -9999 0 -9999 
11 -9999 0 -9999 0 -9999 
12 -9999 0 -9999 0 -9999 
13 -9999 2 -9999 0 -9999 
14 -9999 0 -9999 0 -9999 
15 -9999 1 -9999 4 -9999 
16 -9999 0 -9999 0 -9999 
17 -9999 0 -9999 0 -9999 
18 -9999 2 -9999 0 -9999 
19 -9999 0 -9999 0 -9999 
20 -9999 2 -9999 0 -9999 
21 -9999 3 -9999 3 -9999 
22 -9999 0 -9999 0 -9999 
23 -9999 1 -9999 0 -9999 
24 -9999 0 -9999 0 -9999 
25 -9999 0 -9999 0 -9999 
26 -9999 1 -9999 0 -9999 
27 -9999 0 -9999 0 -9999 
28 -9999 0 -9999 0 -9999 
29 -9999 1 -9999 0 -9999 
30 -9999 1 -9999 0 -9999 
31 -9999 0 -9999 0 -9999 
32 -9999 2 -9999 0 -9999 
33 -9999 0 -9999 0 -9999 
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34 -9999 0 -9999 0 -9999 
35 -9999 2 -9999 0 -9999 
36 -9999 0 -9999 0 -9999 
37 -9999 0 -9999 0 -9999 
38 -9999 1 -9999 0 -9999 
39 -9999 1 -9999 0 -9999 
40 -9999 1 -9999 0 -9999 
41 -9999 1 -9999 0 -9999 
42 -9999 2 -9999 0 -9999 
43 -9999 0 -9999 0 -9999 
44 -9999 0 -9999 0 -9999 
45 -9999 1 -9999 0 -9999 
46 -9999 1 -9999 0 -9999 

 
 E. Impacts of environment from land use 

change:  
 

ID 
8. "Other organic 

inputs", how often? 
(times/year) (Current) 

1. Water 
requirement/use 
(MCM/annum)?  

(Previous) 

1. Water 
requirement/use 
(MCM/annum)?  

(Current) 

2. Biodiversity - Is 
there any  

abundance/decreases 
of animal species? If  

1 0 -9999 0.05 No 
2 0 -9999 0.04 No 
3 0 -9999 0.05 No 
4 0 -9999 0.1 No 
5 0 -9999 0.05 No 
6 0 -9999 0.08 No 
7 0 -9999 0.01 No 
8 0 -9999 0.03 No 
9 0 -9999 0.02 No 
10 0 -9999 0.01 No 
11 0 -9999 0.04 No 
12 0 -9999 0.025 No 
13 0 -9999 0.02 No 
14 0 -9999 0.17 No 
15 0 -9999 0.04 No 
16 0 -9999 0.05 No 
17 0 -9999 0.035 No 
18 0 -9999 0.12 No 
19 0 -9999 0.035 No 
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20 4 -9999 0.03 No 
21 3 -9999 0.03 No 
22 0 -9999 0.08 No 
23 0 -9999 0.02 No 
24 0 -9999 0.01 No 
25 0 -9999 0.06 No 
26 0 -9999 0.05 No 
27 0 -9999 0.4 No 
28 0 -9999 0.03 No 
29 0 -9999 0.3 No 
30 0 -9999 0.025 No 
31 0 -9999 0.03 No 
32 0 -9999 0.025 No 
33 0 -9999 0.6 No 
34 0 -9999 0.04 No 
35 0 -9999 0.1 No 
36 0 -9999 0.05 No 
37 0 -9999 0.02 No 
38 0 -9999 0.1 No 
39 0 -9999 0.06 No 
40 0 -9999 0.03 No 
41 0 -9999 0.04 No 
42 0 -9999 0.01 No 
43 0 -9999 0.03 No 
44 0 -9999 0.02 No 
45 0 -9999 0.05 No 
46 0 -9999 0.05 No 

 
 

ID 

2. Biodiversity - Is 
there any  

abundance/decrease 
s of animal species?  

3. Biodiversity - Is 
there any 

emerge/increase of 
animal species? If yes, 

please specify. 
(Previous) 

3. Biodiversity - Is there 
any emerge/increase of 
animal species? If yes, 

please specify. (Current) 

4. Biodiversity - Is 
there any  

abundance/decrea 
ses of plant  

1 Yes No No No 
2 No No No No 
3 Yes No No No 
4 No No No No 
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5 No No No No 
6 No No No No 
7 Yes No Yes No 
8 No No No No 
9 No No No No 
10 Yes No Yes No 
11 No No No No 
12 Yes No No No 
13 No No No No 
14 No No No No 
15 Yes No Yes No 
16 No No No No 
17 No No No No 
18 No No No No 
19 No No No No 
20 No No No No 
21 No No No No 
22 No No No No 
23 No No No No 
24 No No No No 
25 No No No No 
26 No No No No 
27 No No No No 
28 No No No No 
29 No No No No 
30 No No No No 
31 No No No No 
32 No No No No 
33 No No No No 
34 No No No No 
35 No No No No 
36 No No No No 
37 No No No No 
38 No No No No 
39 No No No No 
40 No No No No 
41 Yes No No No 
42 No No No No 
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43 No No No No 
44 No No No No 
45 Yes No No No 
46 No No Yes No 

 
 

      

ID 

4. Biodiversity - Is 
there any  

abundance/decreas 
es of plant species?  

5. Biodiversity 
-  
Is there any 

emerge/increas 
e of animal  

5. Biodiversity - 
Is there any  

emerge/increase 
of animal 
species?  

6. Surface runoff - 
are there any  

increase/decrease 
of soil erosion by  

6. Surface runoff - 
are there any  

increase/decrease 
of soil erosion by  

1 No No No Lower Lower 
2 No No No Lower Lower 
3 No No No Lower Lower 
4 No No No Lower Lower 
5 No No No Lower Lower 
6 No No No Lower Lower 
7 No No Yes Lower Lower 
8 No No No Lower Lower 
9 No No No Lower Lower 
10 No No No Lower Lower 
11 No No No Lower Lower 
12 No No No Lower Lower 
13 No No No Lower Lower 
14 No No No Lower Lower 
15 No No Yes Lower Lower 
16 No No No Lower Lower 
17 No No No Lower Lower 
18 No No No Lower Lower 
19 No No No Lower Lower 
20 No No No Lower Lower 
21 No No No Lower Lower 
22 No No No Lower Lower 
23 No No No Lower Lower 
24 No No No Lower Lower 
25 No No No Lower Lower 
26 No No No Lower Lower 
27 No No No Lower Lower 
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28 No No No Lower Lower 
29 No No No Lower Lower 
30 No No No Lower Lower 
31 No No No Lower Lower 
32 No No No Lower Lower 
33 No No No Lower Lower 
34 No No No Lower Lower 
35 No No No Lower Lower 
36 No No No Lower Lower 
37 No No No Lower Lower 
38 No No No Lower Lower 
39 No No No Lower Lower 
40 No No No Lower Lower 
41 No No No Lower Lower 
42 No No No Lower Lower 
43 No No No Lower Lower 
44 No No No Lower Lower 
45 No No No Lower Lower 
46 No No Yes Lower Lower 

 
 

   F. Impacts of social and economic from land use 
change: 

ID 

7. Machinery 
usage? If yes,  
please specify.  

(Previous) 

7. Machinery 
usage? If yes,  

please specify.  
(Current) 

8. Machinery 
usage  

(Previous) 

8. Machinery 
usage 

(Current) 

1. Household (HH) 
Income source from 

agriculture  

1 No Yes No Tractor -9999 
2 No Yes No Rice harvestor -9999 
3 No Yes No Rice harvestor -9999 
4 No Yes No Tractor -9999 
5 No Yes No Tractor -9999 
6 No Yes No Tractor -9999 
7 No Yes No Tractor -9999 
8 No No No  -9999 
9 No Yes No Rotary tiller -9999 
10 No No No  -9999 
11 No Yes No Rice harvestor -9999 
12 No No No  -9999 
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13 No Yes No Rice harvestor -9999 
14 No No No Tractor -9999 
15 No No No Tractor -9999 
16 No No No Tractor -9999 
17 No No No Tractor -9999 
18 No No No Tractor -9999 
19 No Yes No Tractor -9999 
20 No Yes No Tractor -9999 
21 No Yes No Tractor -9999 
22 No No No Tractor -9999 
23 No No No Tractor -9999 
24 No No No Tractor -9999 
25 No Yes No Rotary tiller -9999 
26 No Yes No Tractor -9999 
27 No Yes No Tractor -9999 
28 No No No  -9999 
29 No Yes No Tractor -9999 
30 No No No Tractor -9999 
31 No No No  -9999 
32 No No No  -9999 
33 No Yes No Tractor -9999 
34 No No No  -9999 
35 No No No  -9999 
36 No Yes No Tractor -9999 
37 No No No  -9999 
38 No Yes No Tractor -9999 
39 No Yes No Tractor -9999 
40 No Yes No Tractor -9999 
41 No Yes No Tractor -9999 
42 No No No  -9999 
43 No No No  -9999 
44 No Yes No Rotary tiller -9999 
45 No Yes No Tractor -9999 
46 No Yes No Tractor -9999 
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ID 

1. Household (HH) 
Income source from 

agriculture production - 
How much  

(USD/year)? (Current) 

2. HH income from 
off farm work - How 

much  
(USD/year)? What 

types of work?  

2. HH income from off farm 
work - How much 

(USD/year)? What types of 
work? (Current) 

3. HH 
expenditure  

for agiculture 
inputs/activiti 

1 300 -9999 500 -9999 
2 7500 -9999 0 -9999 
3 7500 -9999 500 -9999 
4 15000 -9999 0 -9999 
5 1000 -9999 3000 -9999 
6 3600 -9999 2520 -9999 
7 540 -9999 500 -9999 
8 500 -9999 800 -9999 
9 1000 -9999 0 -9999 
10 1125 -9999 0 -9999 
11 2700 -9999 0 -9999 
12 875 -9999 0 -9999 
13 2000 -9999 0 -9999 
14 24200 -9999 0 -9999 
15 1600 -9999 1200 -9999 
16 4200 -9999 0 -9999 
17 3250 -9999 0 -9999 
18 4000 -9999 0 -9999 
19 4725 -9999 0 -9999 
20 4275 -9999 0 -9999 
21 2625 -9999 1500 -9999 
22 5000 -9999 0 -9999 
23 1500 -9999 0 -9999 
24 550 -9999 500 -9999 
25 4410 -9999 0 -9999 
26 2750 -9999 900 -9999 
27 1500 -9999 800 -9999 
28 4500 -9999 0 -9999 
29 2000 -9999 500 -9999 
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30 1250 -9999 0 -9999 
31 700 -9999 0 -9999 
32 1875 -9999 300 -9999 
33 1000 -9999 3000 -9999 
34 2100 -9999 0 -9999 
35 12500 -9999 3000 -9999 
36 4000 -9999 1000 -9999 
37 4400 -9999 0 -9999 
38 7000 -9999 1500 -9999 
39 7000 -9999 0 -9999 
40 2275 -9999 0 -9999 
41 1500 -9999 0 -9999 
42 300 -9999 1500 -9999 
43 2000 -9999 0 -9999 
44 2600 -9999 0 -9999 
45 5000 -9999 0 -9999 
46 8500 -9999 5000 -9999 

 
 
 

ID 

3. HH expenditure for 
agiculture inputs/activities 

- 
How much (USD/year)? 
What inputs/activities? 

(Current) 

4. HH 
expenditure on 

food  
(USD/year)  
(Previous) 

4. HH 
expenditure on 

food  
(USD/year)  
(Current) 

5. HH expenditure 
for others  

(USD/year)  
(Previous) 

5. HH 
expenditure 
for others  

(USD/year)  

1 300 -9999 300 -9999 100 
2 850 -9999 1000 -9999 300 
3 900 -9999 1700 -9999 450 
4 5820 -9999 1825 -9999 500 
5 450 -9999 1825 -9999 2000 
6 1300 -9999 1400 -9999 3300 
7 267 -9999 912.5 -9999 300 
8 900 -9999 800 -9999 1500 
9 400 -9999 900 -9999 200 
10 570 -9999 912.5 -9999 50 
11 350 -9999 1200 -9999 125 
12 100 -9999 912.5 -9999 50 
13 300 -9999 1368 -9999 250 
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14 7500 -9999 1825 -9999 500 
15 335 -9999 1825 -9999 375 
16 565 -9999 1800 -9999 250 
17 188 -9999 3650 -9999 400 
18 7000 -9999 4500 -9999 2700 
19 1100 -9999 1800 -9999 300 
20 3014 -9999 4562 -9999 750 
21 1146 -9999 3650 -9999 500 
22 500 -9999  -9999 400 
23 100 -9999 1825 -9999 100 
24 250 -9999 700 -9999 200 
25 1290 -9999 1825 -9999 200 
26 330 -9999 1825 -9999 300 
27 800 -9999 1200 -9999 500 
28 450 -9999 1800 -9999 150 
29 1500 -9999 1800 -9999 200 
30 640 -9999 1825 -9999 800 
31 1100 -9999 1350 -9999 500 
32 1162 -9999 1825 -9999 500 
33 600 -9999 1000 -9999 500 
34 1040 -9999 1825 -9999 200 
35 3080 -9999 3650 -9999 800 
36 1500 -9999 2000 -9999 1000 
37 1120 -9999 2700 -9999 2100 
38 1500 -9999 1500 -9999 2000 
39 3000 -9999 1500 -9999 3000 
40 1201 -9999 912 -9999 1000 
41 500 -9999 950 -9999 1000 
42 200 -9999 1000 -9999 1000 
43 700 -9999 1800 -9999 500 
44 815 -9999 1400 -9999 250 
45 3025 -9999 1825 -9999 1000 
46 500 -9999 2000 -9999 2000 
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ID 

6. Secure  
employment/ma 

rket (Y/N), 
how?  

(Previous) 

6. Secure  
employment/ma 

rket (Y/N), 
how? (Current) 

7. Access to 
improved health  
facilities? How?  

(Previous) 

7. Access to 
improved health  
facilities? How?  

(Current) 

8. Access to safe 
water supply 

system? 
(Previous) 

8. Access to 
safe water 

supply system? 
(Current) 

1 -9999 No Not accessible Easy Not accessible Not accessible 
2 -9999 Yes Difficult Medium Difficult Medium 
3 -9999 Yes Difficult Medium Difficult Medium 
4 -9999 Yes Difficult Easy Not accessible Medium 
5 -9999 Yes Difficult Medium Not accessible Not accessible 
6 -9999 Yes Difficult Medium Not accessible Medium 
7 -9999 Yes Difficult Medium Not accessible Medium 
8 -9999 No Difficult Easy Not accessible Not accessible 
9 -9999 Yes Difficult Medium Difficult Medium 
10 -9999 Yes Not accessible Medium Medium Medium 
11 -9999 Yes Difficult Medium Difficult Medium 
12 -9999 Yes Difficult Medium Not accessible Medium 
13 -9999 Yes Not accessible Easy Not accessible Not accessible 
14 -9999 Yes Difficult Medium Difficult Medium 
15 -9999 Yes Not accessible Medium Not accessible Medium 
16 -9999 Yes Difficult Medium Difficult Medium 
17 -9999 Yes Difficult Medium Difficult Medium 
18 -9999 Yes Not accessible Medium Not accessible Medium 
19 -9999 No Difficult Easy Difficult Medium 
20 -9999 Yes Not accessible Medium Not accessible Difficult 
21 -9999 Yes Not accessible Medium Not accessible Medium 
22 -9999 Yes Difficult Medium Difficult Medium 
23 -9999 No Difficult Difficult Not accessible Difficult 
24 -9999 No Not accessible Easy Not accessible Not accessible 
25 -9999 Yes Difficult Medium Difficult Medium 
26 -9999 No Difficult Medium Not accessible Medium 
27 -9999 No Not accessible Easy Not accessible Not accessible 
28 -9999 Yes Difficult Easy Difficult Easy 
29 -9999 No Not accessible Easy Not accessible Not accessible 
30 -9999 No Difficult Medium Medium Medium 
31 -9999 Yes Difficult Medium Difficult Medium 
32 -9999 No Medium Medium Medium Medium 
33 -9999 No Not accessible Easy Not accessible Not accessible 
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34 -9999 Yes Difficult Medium Difficult Medium 
35 -9999 No Not accessible Medium Not accessible Medium 
36 -9999 No Not accessible Easy Not accessible Not accessible 
37 -9999 Yes Difficult Medium Difficult Medium 
38 -9999 No Not accessible Easy Not accessible Not accessible 
39 -9999 No Not accessible Easy Not accessible Not accessible 
40 -9999 No Not accessible Medium Not accessible Medium 
41 -9999 No Not accessible Medium Not accessible Medium 
42 -9999 No Not accessible Easy Not accessible Easy 
43 -9999 Yes Difficult Medium Difficult Medium 
44 -9999 Yes Difficult Medium Difficult Medium 
45 -9999 No Difficult Medium Difficult Medium 
46 -9999 No Not accessible Easy Not accessible Not accessible 

 
 
 
 
 

 G. Adaptation measures/activities 

ID 1. Project 
name? 

2. Type of 
adaptation 
activity? 

3. 
Where? 

4. Who?  
(Who did 
implemen 

t and  

5. 
When? 

6. Why?  
(reason to 

implement) 

7. How?  
(How to 

implement) 

1 no no no no no no no 
2 no no no no no no no 
3 no no no no no no no 
4 no no no no no no no 
5 no no no no no no no 
6 no no no no no no no 
7 no no no no no no no 
8 no no no no no no no 
9 no no no no no no no 
10 no no no no no no no 
11 no no no no no no no 
12 no no no no no no no 
13 no no no no no no no 
14 no no no no no no no 
15 no no no no no no no 
16 no no no no no no no 
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17 no no no no no no no 
18 no no no no no no no 
19 no no no no no no no 
20 no no no no no no no 
21 no no no no no no no 
22 no no no no no no no 
23 no no no no no no no 
24 no no no no no no no 
25 no no no no no no no 
26 no no no no no no no 
27 no no no no no no no 
28 no no no no no no no 
29 no no no no no no no 
30 no no no no no no no 
31 no no no no no no no 
32 no no no no no no no 
33 no no no no no no no 
34 no no no no no no no 
35 no no no no no no no 
36 no no no no no no no 
37 no no no no no no no 
38 no no no no no no no 
39 no no no no no no no 
40 no no no no no no no 
41 no no no no no no no 
42 no no no no no no no 
43 no no no no no no no 
44 no no no no no no no 
45 no no no no no no no 
46 no no no no no no no 
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IV. Field Survey Photos 
A. Questionnaire Field Photos 
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Executive Summary 
 

Agricultural land refers here to the share of the country’s total land area that is arable, 

and is used to produce Annual Crops, to cultivate permanent crops, or as permanent pasture. 

The total area of agricultural land in the Lao PDR increased by 53 percent between 1999 and 

2011, from 976,000 ha to 1.49 million ha. The proportion of agricultural land increased from 

4.4 to 7.9 percent of the country’s total land area. Despite this increase, the Lao PDR still has 

a low proportion of agricultural land compared to neighboring countries. This low percentage 
is due to its mountainous terrain, low population density, lack of capital investment for 

agricultural conversion and government policies relating to forest conservation.  

To move forward the sustainable development, causes and effects of agricultural land 

use change need to be analyzed to contribute recommendations to relevant stakeholders at 

regional, national and local levels and share lessons learned as well. This report is prepared to 

support the implementation of Task 1.7.1.1: Piloting Agricultural Land Use Monitoring in the 

Selected Areas under Annual work plan 2018. This task will be focused on agricultural land 

use monitoring in pilot areas of each member countries. It is certain that Bokeo province was 

selected by Lao national experts. This task is under the activity of agriculture and irrigation 

which carried out by Planning Division, MRCS with the support of national teams. 

 Bokeo province is an area that is potential to have land use change impact as result of 

the change of agricultural practice. In the past, local farmers cultivated upland and paddy rice 

as main crops because of the geography. This practice could not generate high production, 

leading to low incomes. Later, they change this agricultural practice in order to grow other 

types of crop which are rubber and banana with the aim to have higher incomes as these two 

crops are highly demanded by international investors. This change pattern stems from the 

commercialization of agricultural products promoted by Lao government and the farming 

contract between local farmers and investors. It can be seen clearly that from this driving 

forces, farmers can generate high incomes as rubber and banana are profitable comparing to 

upland and paddy rice. This fact is because there is a market that demands these two crops.  

While there are some benefits of land use change, drawbacks also exist particularly 

related to environment and social factors.  In terms of environment, the soil tends to be 

infertile as farmers use large amount of chemical fertilizer which will have negative effects 

on soil in the long run and this is also associated with health problem of local farmers.  
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1. Introduction 
1.1. Background and justification 

Agriculture is a very important sector in the Lower Mekong Basin (LMB). It provides 

livelihoods for about 80% of the Mekong Basin’s population.  Food security is one of major 

concerns in this region since about 24% of the regional population considered to be below the 

poverty line. In this context, agriculture is first intervention point to tackle the food security 

and poverty alleviation. Agriculture is the dominant water-related sector, particularly in 

Thailand and Vietnam whereas agriculture in Cambodia and Lao PDR is currently less 

intensively developed. In the whole LMB, the dry-season irrigated area of about 1.2 million 

hectares is less than 10 % of total agriculture area. The expansion of irrigation is limited by 

the availability of dry season water flow and investment capacity. 

During the past decade, agricultural land has been changed with some following trends: 

(i) expanding agricultural area: some areas have become cultivation land from bush forest 

after land clearing for agriculture and improving agriculture facilities especially irrigation 

development, (ii) crops and crop pattern have been changed: due to the improvement of 

irrigation, technology and market orientation, farmers have changed crops and crop pattern. 

In some rice areas, one annual rice crop is changed to two rice crops per year because of the 

irrigation development; (iii) in some area, agriculture land is degraded so that crop cultivation 

is not effective, therefore the farmers let these lands to be fallow; (iv) agricultural land has 

been changed into other use purpose depending on social-economic development. For 

example, these kinds of land would be for hydropower projects, industrial zone, resident’s 

area and transportation etc. The change of agriculture land has transboundary impact; hence 

they need to be monitored. Firstly, these changes lead to change in water allocation for 

agriculture itself and for other purposes. Sustainable water allocation in the whole region and 

sub–basin needs the information on the agriculture development. Secondly, the ensuring food 

security depends on agriculture activities. 

 Agricultural land use change needs to make sure to supply enough food at different 

scales. On other hand, agriculture is main livelihood of the local farmers; therefore, it needs 

to be monitored to identify opportunities and risks to local farmers to seek timely adaptive 

solutions. Furthermore, the land use change has transboundary impact on the hydrology 

process and sediment transportation. They affect directly to other important social-economic 

sectors such as fisheries, navigation etc. 
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In general, land use change may have positive or negative impacts at multiple levels of 

the basin on environment and local people livelihood, land use change needs to be monitored 

to understand the change and its impact to the basin. In order to monitor agricultural land use 

change in regional scale, remote sensing and Geographic Information System (GIS) are used 

as tools to identify the type of land use and also to detect the characteristics of land use 

change in a time period. 

To move forward the sustainable development, causes and effects of agricultural land 

use change need to be analyzed to contribute recommendations to relevant stakeholders at 

regional, national and local levels and share lessons learned as well. This report is prepared to 

support the implementation of Task 1.7.1.1: Piloting Agricultural Land Use Monitoring in the 

Selected Areas under Annual work plan 2018. This task will be focused on agricultural land 

use monitoring in pilot areas of each member countries. It is certain that Bokeo province was 

selected by Lao national experts. This task is under the activity of agriculture and irrigation 

which carried out by Planning Division, MRCS with the support of national teams. 

 The activity will be included the conducting of land use or land cover changes maps 

emphasized on agricultural land, and the identifying driving forces of the changes in the 

selected pilot areas in MCs. The Lao working group has been selecting Bokeo as a study area 

of Lao PDR because there was obviously changed from shifting cultivate to Para-rubber and 

Banana plantations in this province   In addition, there are enough available data for this 

study. Moreover, there are significant historical changes on agriculture land use, and socio-

economic condition highly depending on agriculture as main criteria.   

1.2. Objective of the activity 
The project on “Piloting Agricultural Land Use Monitoring” in the selected sites in the 

Lower Mekong Basin (LMB) aims to update spatial data and information of land use/land 

cover in some selected sites in the LMB of year 2003, 2010, and collect new data and 

information for the most recent update land use/land cover in each country, focusing on 

agricultural activity. The land use/land cover changes will be analyzed to define the hotspot 

areas of changes and for the case studies selection. The field survey for data collection and 

focus group discussion will be used as tools for data analyzing on the driving forces of major 

agricultural land use changes, impacts of land use change to local people’s livelihood to 

provide recommendations on agricultural land use management for farmers, local 

governments and land use planners.   
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The specific objectives of this report are to:  

− Review and improve MRC land use/land cover (LULC) maps of 2003 and 2010 and 

reclassify the maps based on category of MRC LULC Map 2010 in Bokeo provinces; 

− Produce detail agricultural land use maps in Bokeo province of 2015 from MRC 

LULC maps and auxiliary data and information collected by MCs; 

− Detect LULC use change from 2005 to 2015 for the Bokeo province at the main 

LULC category, focusing on agricultural land use; 

−  Analyze driving forces of major agricultural land use changes in Bokeo province as a 

selected pilot area; 

− Analyze impacts of land use change to local people’s livelihood at the household level 

of 25 target villages across five districts as the case study. The land use change from 

shifting cultivation to rubber and banana farming will be selected as a case study. 

− Highlight significant land use changes in Bokeo province, their implications and 

provide recommendations on agricultural land use management for farmers and local 

governments and land use planners as well. 

1.3. Summary of activity implementation 
There are many sub-activities under this task to be implemented which are the 

collection which are described in following table: 

Table 1 Work plan for development and implementation of field survey and focus group 
discussion during June 2018-December 2018 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Appoint core survey team ×

Prepare survey materials ×

Contact local organizations/agencies × ×

Sampling

Set sample design and frame ×

Draw sample ×

Set field work plan ×

Listing/mapping sampling untis ×

Staff meeting ×

National Working team meating to discuss on questionaire and field survey plan × ×

Discussion on results from field survey questionnaires × × ×

Preparation for focus group discussion × ×

Fieldwork × × ×

Field Survey Questionnaries × × ×

Analysis and documentation × ×

Analysis data and from questionnaire data collection × ×

Write Draft report × ×

Analyze data from literature review and fieldwork × ×

Create fulld dataset × ×

Initial data analysis × ×

Write an interim report × × ×

National Consultation Meeting on the interim report ×

Revise the interim report × ×

Final Data Analysis × ×

Final report and documentation × ×

Dec

2018

List of Activities

Jun July Aug Sept Oct Nov
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1.4   Structure of the report 
There are 8 chapters in this report.  

The first chapter is an introduction which will explain the background and justification 

as well as the objective of the activity. Besides that, the summary of activity implementation 

is also provided in detail.  

The second chapter will explain the overview of agricultural land use by summarizing 

history, current and trend of agriculture development at national level, drivers for agricultural 

land use change particularly national's policy and market, and impact of land use/land cover 

change in Lao PDR. 

The third chapter will explain the details of pilot area. This will cover the general and 

specific information of the selected area; the general information includes the geography, 

climate and other conditions, while the specific information is the land use status of the 

selected area including the land use change, driving forces and the impacts. 

The fourth chapter is methodology which describes the procedure to collect both 

secondary and primary data. Furthermore, data analysis as well as a case study is also 

provided.  

The fifth chapter is the result of study which will discuss the results of agricultural land 

use changes, the result of the case study, the driving forces and impacts of agricultural land 

use changes. Besides the driving forces and impacts, the adaptation measures will be also 

provided in order to cope with those impacts of land use change.  

The sixth chapter will be the lessons learnt from this pilot study in order to reflect the 

benefits and shortcoming of the study for further application in other areas. 

The seventh chapter is the conclusion and recommendation which will provide key 

summary of agricultural land use impacts and the suggestion to deal with such impacts.  

The last part is the future direction which will include the future plan for agricultural 

land use monitoring and requirements for future study on agricultural land use issues. 
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2. Overview of Agricultural Land Use 
Agricultural land refers here to the share of the country’s total land area that is arable, 

and is used to produce annual crops, to cultivate permanent crops, or as permanent pasture. 

The total area of agricultural land in the Lao PDR increased by 53 percent between 1999 and 

2011, from 976,000 ha to 1.49 million ha. The proportion of agricultural land increased from 

4.4 to 7.9 percent of the country’s total land area. Despite this increase, the Lao PDR still has 

a low proportion of agricultural land compared to neighboring countries. This low percentage 
is due to its mountainous terrain, low population density, lack of capital investment for 

agricultural conversion and government policies relating to forest conservation. Further, 

since the Lao PDR has limited infrastructure, this also partially limits agricultural expansion 

in some areas. The presence of unexploded ordnances (UXOs) dropped during the American 

bomb raids of the 1970s are also a limiting factor in many areas. UXOs affect all provinces in 

the country and the most affected lands are often left unused due to the risks posed by 

cultivation and development. Agricultural land area calculations also underestimate areas 

used for shifting cultivation, as many fallows are classified as forest land in the 2010/11 

Agricultural Census, despite being an integral part of shifting cultivation, used for cultivating 

fallow species, including a high diversity of Non-Timber Forest Products (NTFPs). 

Most households in rural areas are near-subsistence farmers engaged in rice-based 

agriculture, collecting forest products, and raising livestock. The sector is still dominated by 

smallholders engaged in low-productivity rice production and characterized by low-level use 

of purchased inputs such as improved seeds/breeds and fertilizers. Most rice is consumed by 

the farm households that produce it, with less than 10 percent marketed. Agriculture-based 

products make up approximately 15 percent (in 2007) of total recorded forest products. This 

proportion has declined rapidly in recent years from 25 percent in 2004) as a result of the 

increasing diversification of the export sector, particularly the rapidly-increasing export 

revenues derived from minerals and energy.  

At the national level, there are positive trends in yields of all crops except coffee which 

is similar to the regional level trend. In the central region, both maize, rice and vegetables are 

taken together show positive trends, while rice, maize, vegetables how significant positive 

trends in the northern region. It can be seen that maize yields grew most rapidly (annual rate 

of about 8 percent) because this crop is promoted as a commercial crop highly demanded 

from both domestic and international market. This followed by vegetables accounting for 2.7 

percent and rice accounting for 2.3 percent. The combined crop yield thus grew at a rate 

about 4.3 percent. In the southern region, maize grew at an impressive rate over 8 percent 
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while rice grew at only 1.8 percent. By contrast, coffee recorded a more than moderate fall 

(over 5 percent per annum), while the northern region recorded highest yield growth rates for 

maize, vegetables and rice respectively. As a result, the combined yield growth was also 

highest. However, there are negative trends such as increasing land degradation as a result of 

inappropriate cultivation practices and as emerging impact of climate change. Increased 

precipitation resulting from climate change causes increased erosion, especially on steep 

slopes. Erosion effects are most significant in areas shifting cultivation1 has already led to 

soil degradation, particularly in those areas where population pressure has led to a significant 

decrease in the rotation period or where traditional lowland farmers encroach on neighboring 

uplands to make up for low and often declining yields on their lowland paddy fields. 

Increased land degradation leading to lower productivity may also increase desertification as 

new lands are still threatened by slash and burn cultivation. 

Farmers in Lao People’s Democratic Republic (hereafter Lao PDR or Laos) began to 

experience transition from subsistence agricultural production to cash crop cultivation since 

the market liberalization in 1986. In the last decade, this transformation has been accelerated 

particularly by increased development of infrastructure and institutions that support regional 

trade2.It has also increased economic and investment opportunities for investors from 

neighboring countries to engage in various forms of contract farming. In northern part of the 

country, which is mountainous and where many rural farmers have traditionally been 

engaged in subsistence food production, farmers are quickly converting their swidden and 

fallow fields to cultivate cash crops such as sugarcane, maize, cassava, and rubber (Socio 

Economic Unit 2006, Vernon 2006). Commercialization of agricultural production 

particularly in upland areas is promoted by the Lao government as an alternative to shifting 

cultivation practices and is deemed to eradicate rural poverty at the same time. However, the 

realities in the rural areas are complex. Commercialization of agriculture is pertinent in areas 

along the major road and cities particularly along the national borders. Conflicts over 

productive agricultural lands and resources are also becoming more rampant, often involving 

stakeholders from outside of the village. 

For the future trend, the agriculture sector is expected to contribute even more 

significantly in the future to national economic growth, income, and employment for much of 

                                                      
1 To quantify the remaining extent of shifting cultivation poses methodological problems and is a sensitive issue. Most households which 
used to practice shifting cultivation now practice a more sustainable rotational system. While it is claimed that less than 3,00 households still 
practice shifting cultivation, scientific evidence suggests that swidden agricultural landscapes, involving 17 % of the population dominate 
29% of the country (Messerili, P. et al., 2009); See also Decree 0022 Gol-MAF (2010 d).  
2 (Leebouapao et al. 2005, Thongmanivong and Fujita 2006). 



 

7 | P a g e  
 

the country's population. In the short and medium term, the challenge is to promote sectoral 

growth and to ensure that this growth benefits the majority of the poor in the rural areas in an 

environmentally friendly manner. For the longer term, and as a responsibility to future 

generations of Lao people, and additional challenge is to ensure ecological sustainability of 

agricultural and forestry practices to maintain production potential biodiversity and the 

integrity of natural resources. However, this long term sustainability is threatened by a 

number of factors notably the long term trends in climate change. It is predicted that the 

annual mean precipitation will increase in the last decade of the 21st century by 4.2 percent 

averaged across the Mekong River Basin, with the majority of this increase occurring over 

the Northern part. Annual mean temperatures are also projected to increase by approximately 

2.6 degree Celsius, leading to significant changes in the hydrology. It is also predicted that 

the magnitude and frequency of what are now considered extreme events will increase 

resulting increased risk of flooding. More frequent extreme climatic events may also cause a 

loss of rice productivity in the range of 30 to 50 percent during a moderate flood year3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
3 IFPRI (2009), FAO (2007), World Bank (2010 a), MRC (2009), WFP (2009) 
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3. Pilot Area (Literature Review) 
3.1 General information and situation 
❖ Geography condition 

Bokeo covers an area of approximately 697,546.8 Hectare. It is situated in the north 

latitude between 19o 47/ 16// and 20o 49/ 56// and East longitude between 100o 05/ 48// and 

101o 14/ 52//. This province is subdivided into 5 districts: Mueang Huay Say (capital district), 

Meuang Ton Pheung, Meuang Meung, Meuang Pha Oudom and Meuang Pak. Accoss 5 

districts, there are 255 villages province-wide.   

The provincial boundary is shared borders with Thailand, Myanmar and some provinces 

of Lao People's Democratic Republic (Lao PDR). The details are following (figurre1);  

- Northern border is shared with Myanma 98 km.   

- Southern provincial border is shared with two Province; for example, 

Oudomsai and Sayabouly 145 km.  

- Easthern provincial border is shared with Louang namtha Province 100 km.  

- Westhern border is shared with Thailand 145 km.  

Bokeo Province covers an area of 6,196 square kilometres (2,392 sq mi). Bokeo 

Province borders Luang Namtha Province to the northeast, Oudomxai Province to the  east 

, Xaignabouli Province to the south, and Thailand to the southwest and Burma to the west 

and northwest. The province has five districts (Houay Xay, Tonpheung , Meung 

, Phaodom and Paktha) and is rich in deposits of precious and semiprecious stones. Bokeo's 

provincial capital is Houayxay on the Mekong river. The province is part of the “Golden 

Triangle”, at the crossing with Myanmar and Thailand. There are 34 ethnic groups in the 

province. Houay Xay is the border town with Thailand and regional economic centre 

 
Figure 1 Bokeo province Boundary Area 

https://en.wikipedia.org/wiki/Luang_Namtha_Province
https://en.wikipedia.org/wiki/Oudomxai_Province
https://en.wikipedia.org/wiki/Xaignabouli_Province
https://en.wikipedia.org/wiki/Thailand
https://en.wikipedia.org/wiki/Burma
https://en.wikipedia.org/wiki/Houay_Xay_District
https://en.wikipedia.org/wiki/Tonpheung_District
https://en.wikipedia.org/wiki/Meung_District
https://en.wikipedia.org/wiki/Pha_Oudom_District
https://en.wikipedia.org/wiki/Paktha_District
https://en.wikipedia.org/wiki/Ban_Houayxay
https://en.wikipedia.org/wiki/Mekong
https://en.wikipedia.org/wiki/Myanmar
https://en.wikipedia.org/wiki/Thailand
https://en.wikipedia.org/wiki/Houay_Xay
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The National Highway is the 13th Highway that can be reached via Vientiane Capital 

city Can drive through the Vientiane province, Luang Prabang, Oudomxay and Luang 

Namtha, then through the 3A and 3B to Bokeo. There are also boat trips on both domestic 

and foreign routes, such as Thailand, Myanmar and China, also traveling on domestic flight 

to Vientiane. Domestic roads to travel to cities within the province 

Table 2 Distance from the capital district of Huay sai to other districts 

District  Distance (Kilometers)  

1. Mueang Houay sai the capital district  

2. Mueang Ton pheung 40  

3. Meuang Meuang 86  

4. Mueang Pha oudom 41 

5. Mueang Park tha 57  

In terms of forest cover in Bokeo province, there are three categories forest for 

example: NBCA4 forest, PTA5 forest and PFA6 forest. (Forest Inventory and Planning 

Division, Bokeo Provincial, 2018) 

 
Source: DOF (2005) 

Figure 2 Forest cover in Bokeo province 

                                                      
4 National Biodiversity Conservation Areas 
5 Protection Forest Area 
6 Production Forest Area 
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Table 3 Forest classification in Bokeo province 

No. NBCA: Area (ha) 
1. Namkan 99,962.69 
 PTA:  
1. SaiPhouLom_NamKeung_NamNhone 54,879.42 
2. PhouLanLouang_MokWen_HouaySet 8,712.80 
3. PhaMon_Namkhop 18,117.37 
4. NamTha Water Source 93,732.10 
 PFA:  
1. Phouviengxai 44,849.17 
2. Sammuang 78,706.18 
 Total: 398,959.73 

Source (DOF, 2010) 

❖ Climate Condition 

Laos covers the tropical and subtropical winds which has two seasons: dry season 

which is from November to April and rainy season which is from May to October. It seems 

that the average annual temperature starts from 16.7 degrees C to 34.8 degrees Celsius. While 

the warmest month is April, with an average temperature of 38.4 degrees Celsius, the lowest 

average temperature usually happens in last month is December at 9.6 degrees. The table 5 

illustrates the long-term temperature in Bokeo province for further information.   

Besides the above-mentioned description of temperature, the amount of rainfall from 

2011-2018 is showed in table 4. It likely seems that the average amount of rainfall is 1,795 

millimeters. In August, the rainfall is around 445 milligrams while only 3.8 millimeters of 

rainfall is usually fallen in February.  

Table 4 Mean rainfall volume over the past seven (millimeters) 

Year 
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2011 19,9 - 94,5 83,5 236,2 245,6 278,5 36,9 237,3 3,8 15,4 16,0 1.267,6 

2012 52,3 - 42,4 128,0 252,6 87,5 477,4 455,3 174,6 139,8 53,9 18,9 1.882,7 

2013 42,0 18,9 13,0 17,0 160,1 231,8 840,4 395,7 398,7 84,9 103,3 152,0 2.457,8 

2014 - - 34,6 27,2 162,3 113,5 369,7 553,3 356,5 32,2 95,5 3,3 1.748,1 

2015 104,4 - 28,7 238,7 142,8 7,8 303,4 254,4 155,7 137,4 36,3 79,3 1.488,9 

2016 27,8 7,8 - 15,4 257,9 180,5 376,7 426,5 211,1 77,7 134,0 0,2 1.715,6 

2017 79,1 - 17,3 84,4 191,8 189,4 471,4 478,7 136,1 251,6 65,4  1.965,2 

Average 46,0 3,8 32,9 84,9 200,5 150,9 445,4 371,5 238,6 103,9 72,0 45,0 1.795,4 

Source (DMH, 2017) 
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The effective rainfall is rain water that is remaining in soil. After rain infiltrate into 

the soil, so that soil saturated with water, the water is stored in soil. Plants can use this water 

for growing.  The total effective rainfall is 1,795.40 millimeters. However, the highest 

effective rainfall is 445.40 millimeters in July and the lowest effective rainfall is 3.8 

millimeters in February.  

The above-mentioned factors have significant impacts on agricultural production. It 

seems that agricultural cultivation in this area is based mainly on the availability of rainfall. 

Therefore, if there is a high temperature, this area seems to experience drought. On the other 

hand, during wet season, the intensity of rainfall in this area is quite high, leading to the 

occurrence of flash flood and landslide. Hence, this natural disaster affects negatively the 

agricultural production which are further illustrated in figure 3.  

 
Source: MAF (2018) 

Figure 3 Map of Natural disasters: Flood, drought and landslides in Lao PDR 
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Table 5 Long term temperature in Bokeo province 
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2011 
 Minm 13,5 12 12,3 17 21,1 21,9 22,3 22 22 18 13,5 12,4 17,3 
 Maxim 31 35 37 36,7 34,4 34,1 34,8 33,6 33,9 33,9 31 30,6 33,8 

2012 
 Minm 10,2 12,5 13,8 17,7 21,1 22,4 21,5 22 19,7 19,4 18,5 12,3 17,6 
 Maxim 30,7 35,2 35,7 38,8 38,2 34,5 34 33,7 34 33,6 33,2 31,5 34,4 

2013 
 Minm 13,5 14,2 14,5 18,6 18,5 20 21,7 21,3 17,5 17,3 16,5 6,8 16,7 
 Maxim 32,3 35 37,8 38,7 38 35,7 34 33,7 34,2 33,2 32,5 27,7 31,7 

2014 
 Minm 6,6 11,9 14,8 17,2 19 22,6 22,6 21,5 21,2 17,9 14,7 9 16,6 
 Maxim 29,5 34,2 37,1 38,7 36,5 37,8 33,5 33,5 34,5 33 33,8 31,7 34,5 

2015 
 Minm 10,1 11,4 15 17,4 20 21,9 22 21,8 21,3 17 16,8 13,5 17,4 
 Maxim 31 35,6 36,8 37,4 36,6 35,5 36,6 33,8 35 33,2 33 31,5 34,7 

2016 
 Minm 6,5 8,5 15,3 18 20,1 21,6 22 22 21,6 20,2 15,1 13 17,0 
 Maxim 31,6 34 37,3 41 41,2 34,5 33,2 33,4 33,9 34 32,7 31 34,8 

2017 
 Minm 13,6 11,5 15 17,7 20 22 22,4 22 22,3 15,5 15  16,4 
 Maxim 31 35,7 36,7 37,4 38,3 34,4 34 33,6 34,4 33,6 33,5  31,9 

Average 
 Minm 10,6 11,7 14,4 17,7 20,0 21,8 22,1 21,8 20,8 17,9 15,7 9,6 17,3 
 Maxim 31,0 35,0 36,9 38,4 37,6 35,2 34,3 33,6 34,3 33,5 32,8 26,3 33,7 

Source (DMH, 2017) 
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❖ Hydrological condition 

BoKeo is located in Mekong basin that included one main rivers such as Mekong 

River which is 183 kilometers long shared border with Myanmar and Thailand. There are 16 

sub rivers for examples: Nam Pha, Nam Kha, Nam Youk, Nam Kheung, Nam Lek, Nam 

Ngon, Nam Khan, Nam Ngam, Nam Ngao, Nam Toun, Nam Tin, Nam Gnang, Nam Yao, 

Nam Tha, Nam Hat and Nam souat. 

 
Figure 4 River network in Bokeo province 

3.4 Socio-Economic Information in Bokeo   
3.4.1 Population and Housing Census  

According to assessment based on Prime Minister's Decision N0/ 309/PM, there are 31,448 
households in Bokeo province which account for 175,952 of total population and 87,195 of 
female. The average ratio of male and female is 50.4 percent and 49.6 percent respectively.  

Table 6 Population based on gender in Bokeo Province 
N0 Gender Population Ratio 
1 Male 88,757 50.443871 
2 Female 87,195 49.556129 

Total 175,952 100 
Source: National Statistic Center (2015) 
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When considering each district, the largest number of populations is in Houaxai where the 

capacity of Bokeo province is. This number followed by Tonpheung, Meung, Pha oudom and 

Paktha district respectively showed in the table 7. 

Table 7 Population based on each district in Bokeo Province 

No. Name of District Population 
1 Houaxai 69,805 
2 Tonpheung 29,040 
3 Meung 14,559 
4 Pha Oudom 42,963 
5 Paktha 19,612 

Total 175,979 
Source: National Statistic Center (2015) 

 
3.4.2 Economic Status  

Bokeo province is a place where attracts investors to run many businesses. This is 

because there is the special economic zone namely golden triangle area in Ton Pheung 

district. This project become the commercial and tourism center which can lead to 

employment in this province. In addition, there are many land concessions across the province 

particularly for banana plantation.  

Previously people live along Mekong river and its tributaries and they have a job as a 

farmer. They cultivate rice to supply within the household and sell the surplus production to 

the local market. Besides that, some people live in the mountainous areas and do a shrift 

cultivation as their main job as those areas are not suitable for paddy rice cultivation. In 2010, 

rubber plantation is in the public of eyes, leading to their land use change from upland and 

paddy rice to rubber. However, this type of crop cannot provide the benefits within the short-

period as this crop need to time to grow and it takes time to harvest. Because of this reason, 

Chinese investors are interested to rent the land for banana farming. This crop needs low 

investment and takes a shorter period to harvest. Therefore, local people decide to allow 

Chinese investors to rent the land widely across every district in Bokeo province.  

3.2 Agricultural land use and land use change 
❖ Agricultural land use and land use change in 2005 

In 2005, forests remain the highest portion in Bokeo provinces about 60 %. These forests 

include Broadleaved Evergreen Forest at 15.46 % and Broadleaved Deciduous Forest at 44.19 

%. Apart from those types of Land use, this area has 26.63 % of regenerating vegetation and 

3.58 % of Paddy Rice. Based the above-evidence in both table 8 and figure 5, it can be seen 

clearly that this area remains fertile and the land use has not been changed much. 
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Table 8 Agricultural land use and land use Classification 2005 in Bokeo province 

Type Code  Area_ha %

Broadleaved Evergreen Forest 11 107,862.9 15.46    

Broadleaved Deciduous Forest 12 308,215.6 44.19    

Bamboo Forest 21 216.0          0.03      

Shrubland 22 185,762.1 26.63    

Grassland 41 750.4          0.11      

Shifting cultivation 51 8,817.5      1.26      

Paddy Rice 61 24,940.7    3.58      

Annual Crop 62 49,755.7    7.13      

Urban Area 71 2,481.5      0.36      

Bare Soil 72 471.8          0.07      

Other Land 80 222.9          0.03      

Water Body 81 8,049.5      1.15      

Total: 697,546.8 100.00  
Source: DOF (2005) 

 
Source: DOF (2005) 

Figure 5 Agricultural land use and land use Classification 2005 in Bokeo province 
❖ Agricultural land use and land use change in year 2010 

After five years, land use remained mostly unchanged according the information at table 9 

and figure 6. Two types of forest which are Broadleaved Deciduous Forestand Broadleaved 

Evergreen Forest accounted from 43.417 percent and 15.436 % respectively, while the 
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regenerating vegetation and Paddy Rice field had slightly decreased at 23.946 % and at 3.359 

%. Comparing the land use in year 2005, land use had been gradually changed and decreased 

at 1 percent. some areas were converted to regrown forest. In addition, It seems that some 

areas including upland rice and other agricultural lands had increased slightly as described in 

the below table. The evidence suggest that the conventional agriculture seems to be gradually 

changed comparing the last 5 years.  

Table 9 Agricultural land use and land use Classification 2010 in Bokeo province 

Type Code Area(ha) %
Broadleaved Evergreen Forest 11 107,676.40 15.436   
Broadleaved Deciduous Forest 12 302,851.96 43.417   
Forest Plantation 16 6.43           0.001     
Bamboo Forest 21 237.29       0.034     
Shrubland 22 167,034.34 23.946   
Grassland 41 750.37       0.108     
Shifting cultivation 51 26,898.95   3.856     
Paddy Rice 61 23,433.03   3.359     
Annual Crop 62 57,312.29   8.216     
Urban Area 71 2,584.31     0.370     
Bare Soil 72 469.93       0.067     
Other Land 80 237.44       0.034     
Water Body 81 8,054.01     1.155     

Total: 697,546.77 100.000  
Source: DOF (2010) 

 
Figure 6  Agricultural land use and land use Classification 2010 in Bokeo province 
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❖ Agricultural land use and land use change in year 2015 

In 2015, when the land use has been compared with the last 5 years, the forest areas 

slightly continued decreasing at 1%. However, the regenerating vegetation such as shrubland  

had increased at 3 % because the need of agricultural expansion and the change of natural 

forests. In line with the increase of vegetation, the agricultural land including Paddy Rice field 

and other agricultural land has increased despite the decline of the Shifting cultivation. 

Therefore, this is line with national strategy of agricultural development 2020 which aim to 

decrease the unsustainable cropping in the upland. The method to alleviate the Shifting 

cultivation, the promotion of expanding Paddy Rice field to generate high productivity had 

been conducted.  

Table 10 Agricultural land use and land use Classification 2015 in Bokeo province 

Type Code Area_h %
Broadleaved Evergreen Forest 11 107,283.7 15.38     
Broadleaved Deciduous Forest 12 299,890.3 42.99     
Forest Plantation 16 186.6       0.03       
Bamboo Forest 21 230.5       0.03       
Shrubland 22 186,091.4 26.68     
Grassland 41 753.1       0.11       
Shifting cultivation 51 9,605.2     1.38       
Paddy Rice 61 23,445.6   3.36       
Annual Crop 62 58,631.2   8.41       
Urban Area 71 2,603.4     0.37       
Bare Soil 72 469.9       0.07       
Other Land 80 299.0       0.04       
Water Body 81 8,056.9     1.16       

 Total 697,546.8 100.00    
Source: DOF (2015) 
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Source: DOF (2015) 

Figure 7 Agricultural land use and land use Classification 2015 in Bokeo province 
❖ Agricultural land use history and trend in Bokeo 

Table 11 indicates rice production area in Bokeo Provinces. In bokeo province, increased 

production of paddy rice was achieved during the last two decades through the expansion of 

paddy field. In the meantime, area under swidden cultivation for upland production has declined 

particularly during 1995 and 2000 indicating the impact of government policy on the Land and 

Forest Allocation Programme (LFA) that regulated household access to upland swidden (Figure 

8). 

Table 11 Rice production area in Bokeo provinces 
Unit: ha 

Crops 1985 1990 1995 2000 2004 

Paddy rice 4,056 4,460 5,802 8,500 11,130 

Upland rice 6,208 4,324 7,184 2,000 4,240 

Source: National Statistic Center (2006) 
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Source: National Statistic Center (2006) 

Figure 8 Upland Rice Production in Bokeo Province 
Meanwhile, Figure 6 also indicates between 2000 and 2004, upland swidden area has 

increased in in Bokeo province. This is possibly linked to the expansion of rubber plantations hat 

surged in 2003. Farmers cleared their former swidden and fallow lands for rubber plantation, 

while cultivate upland rice during the first few years on the rubber field. 

Table 12 indicates increasing importance of cash crop production in Bokeo. The table 

particularly focuses on key cash crops (i.e. maize and sugarcane) that are planted on the 

uplands. In Bokeo both maize and sugarcane production steadily increased between 1985 and 

2000. Table 12 also indicates boom and bust cycle of cash crop production in both provinces. 

For instance, in Bokeo, sugarcane production plunged after 2000 indicating a possible decline 

in the market demand for sugarcane in neighboring Thailand. 

Table 12 Maize and Sugarcane Production in Bokeo Province 
Unit: ha 

Crops 1985 1990 1995 2000 2003 

Maize 133 2,500 1,260 4,471 5,577 

Sugarcane 1,436 1,680 1,632 5,250 192 

Source: National Statistic Center (2006) 

Another notable increase over the last five years is the rapid expansion of rubber 

plantation. Tabl e13 indicates areas of rubber plantation in Bokeo province. Based on Forest 
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Research Center (2006) indicate steady increase of rubber plantation in both provinces 

particularly since 2003. Rubber is currently planted in old swidden and fallow land7 which 

corresponds to the increased areas of upland swidden field between 2000 and 2004 shown in 

Table 11. 

Table 13 Rubber Plantation in Bokeo province 

Existing Plantation (ha) Area targeted for rubber up to year 2010 (ha) 

701 15,000 

Source: Forest Research Center (2006) 

One of the main driving forces land use change is the rapid expansion of commercial 

agriculture which results an improved trade relationship with neighboring countries and 

increased flow of investment from countries such as China. Since the early 1990s trade 

relations with neighboring countries, particularly China and Thailand had increased the flow 

of investment and goods from neighboring countries into northern Laos. The first wave of 

contract farming began with rice production in the lowland areas as Chinese companies 

brought hybrid rice varieties to the local farmers. Incurring Chinese investment also promoted 

intensive use of lowland fields as the Chinese farmers and investors sought land to cultivate 

vegetables and watermelons during the dry season (Lyttleton et al. 2004). By mid 1990s, 

contract farming for sugarcane rapidly expanded in the upland areas as the Chinese sugar 

processing companies signed contracts with local villagers. However, in the early 1990s, 

contracts with Chinese investors were very informal often without written form. Also, during 

the early 1990s farmers were often unable to assess how much volume of sugarcane were 

actually being sold to the companies as the products were paid by truckloads in Laos and 

weighed in China. 

Towards the late 1990s and early 2000, Chinese investors began to take interest in 

rubber planting in northern Laos. Investors began to survey different parts during the early 

2000 to identify potential areas for plantation. In the meantime, local villagers’ interest in 

rubber also began to surge after 2000 as they observed increasing price of rubber, and success 

of that planted rubber in the mid 1990s (Alton et al. 2005). While wealthy farmers in many 

districts across bokeo province to invest in rubber on their own8, other farmers began to take 

interest in contract farming with Chinese investors due to shortage of their own capital and 

lack of access to institutional credit. Up to this date, contract farming ranges from informal 

                                                      
7 Based on DAFO, farmers preferred using the old swidden fallow land for rubber plantation. This requires 
slashing and burning of the fallow land before planting rubber.   
8 These farmers started to invest in rubber starting mid 1990s. However, much of the trees were damaged and 
destroyed by the frost during 1999 and 2000.   
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family based contract farming supported by relatives in China (especially Akha and Tai Lu 

ethnic minority groups), to a more formal contract farming relationship with small and 

medium-scale investors. 

3.3 Driving forces of agricultural land use change 
There are three major driving forces of agricultural land use change in Bokeo province 

based on the literature review, including 1) commercialization of agricultural production, 2) 

improving of trade relationship with neighboring countries, and 3) land tenure. The first 

driving force is commercialization of agricultural production. Raintree and Soydara (u.d.) 

describes that the upland farming system in Laos is based on long history of extensive land 

including shifting cultivation practices due to low population density (p3). The upland 

farming systems in Laos is also characterized for its high dependency on forest resources and 

its diversified activities. However, over the last decades, improved economic relations with 

neighboring countries, and infrastructure development is rapidly integrating rural 

communities into market economy and influencing the farming systems. There are greater 

pressures on commercially valuable forest resources, and increased competition for 

agricultural land as more farmers are becoming engaged in commercial agricultural 

production. Commercialization of upland agriculture is also supported by government of Laos 

as an alternative to shifting cultivation practice, which has long been blamed as the source of 

forest destruction (MAF and NAFRI 2005), and a way to alleviate rural poverty particularly 

in upland areas. 

Apart from the two above-driving forces, another force is land tenure, In Bokeo 

province, it can be seen that shift of rural population towards lower elevation, particularly 

along the road. Based on the stakeholders' interviews relocation of upland population to lower 

elevation and to roadside areas began in the 1980s. Relocation was aimed to restrict 

expansion of shifting cultivation, and at the same time was aimed to extend government 

services to rural villages by concentrating them to roadside area. It can be inferred that at 

concentration of population in lower elevation was induced as a result of government policy 

that encouraged consolidation of scattered upland villages. At the same time, increased 

economic opportunities in the lowland areas also attracted more upland farmers to move out 

to roadside areas. Concentration of population in lower elevation and areas along the road 

began to affect communal resource use. While LFA distinguished village boundaries, demand 

for agricultural land began to increase during the last decade as more farmers began to engage 

in commercial agricultural production. 
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3.4. Impacts of agricultural land use change 
The land use change has both positive and negative effects. In terms of the benefits, 

local farmers can earn higher incomes which results from commercialization of agricultural 

production. Previously, farmers are based on the conventional agricultural practice 

particularly shirting cultivation in the upland area of Bokeo province and this practice could 

not generate high rice production, leading to the ability to purchase to the market. However, 

after the government policy is the commercialization of agricultural production, local farmers 

change to grow other crops such as sugarcane, maize, rubber and banana respectively from 

time to time, leading to the higher crop production because of these crops are demanded by 

domestic and international investors and therefore local farmers can generate high incomes 

which can support to upgrade their livelihood.  

However, the land use change also has some negative effects particularly land 

degradation and the health condition of local people. It appears that the demand of the market 

increased. Hence, the land for cropping need to be expanded. In order to expand the farming 

area, local farmers threatened the forest areas resulting in the reduction of forest areas which 

are also described in the table 7 and table 8 respectively. In addition to that, the fertilizer as 

well as insecticide are used to increase the crop production. This also stems from the farming 

contract. Pesticide and herbicide applications caused health related issues, with between 20-

50% of responding farmers from 115 farmers in Bokeo province complaining of headaches or 

other symptoms from the spraying of chemicals. Spray drift from chemical applications were 

reported by many communities. This was particularly evident in the banana case. The 

unintentional diffusion of chemicals into the air often impacted local populations residing 

near plantations (PEI & NERI, 2015).  

Therefore, the impact of land use change can be both merits and drawbacks. The merits 

can be the higher incomes generation which can contribute to the improvement of local 

people's livelihood, while the drawbacks can be the forest reduction, resulting in the loss of 

biodiversity and the health problem issue causing from the use of pesticide in order to spay to 

the crop in order to increase the high crop production.  
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4. Methodology 
4.1 Data collection 
4.1.1 Secondary data 

The secondary data was used to review the existing land use change in the selected area 

and it was to overlook the trend of land use based on the agricultural policy in the area. There 

are many secondary data that were utilized to support this activity including the national 

strategy of agriculture and forestry 2011 to 2020 as well as the strategy of this sector of 

Bokeo province from the Provincial Department of Agriculture and Forestry, the general 

information of Bokeo province from the Lao Statistic Bureau, The agricultural land use data 

of year 2005, 2010 and 2015 from the Department of Forestry. It is certain that this above-

mentioned data will be integrated with the field data which will be described below. 

Table 14 List of secondary data 

 
4.1.2 Field data collection/interview 

The questionnaire was designed to capture the field data based on the MRC format. The 

information was obtained by the target group of local people which reflected the impacts of 

land use change on the livelihood of the people as well as the impacts of land use on the 

environment. In this study, four target households of 25 villages across five districts in Bokeo 

provinces are selected to be interviewed which are showed in the figure 9 and table 15. The 

selected target households are based on their trend of land use for agriculture purposes. Apart 

from that data from the interview, the geospatial data was also collected by using the GPS in 

order to use to be the reference for reclassification of the land use.  

4.1.3 Focus group discussion 
In this study, the focus group discussion is a method to support the national expert team 

to understand deeply and capture fully the current situation happening in the pilot study area. 

It likely seems that this discussion allows the experts to face to face interact in order to 

N0 Type of data Period Source 
1 Land cover/Land use class 2005 DOF 
2 Land cover/Land use class 2010 DOF 
3 Land cover/Land use class 2015 DOF 
4 Administration Shape file 2011 National Geography Department  
5 Population 2015 National Statistic Bureau 
6 Socio-economic Status 2015 National Statistic Bureau 
8 Agriculture status and trend 1999-2011 Atlas, MAF 

9 Future Agriculture trend 2020 Strategy on Agriculture 
Development 2020, MAF 

10 Climate condition 2017 DMH 
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identify the real impacts of land use change on the socio-economic and environment aspects 

in the selected area. In general, the focus group discussion is arranged by dividing the 

participants in 5 groups in each district (illustrated in table 15) in order to ensure the 

constructive discussion between the national experts and target group. It is certain that this 

meeting leads national expert based on the questionnaire and other specific questions to 

obtain the root cause of land use change and the real impact of land use change.  

Table 15 List of target villages 

N0 District Target village Number of Target household 
1 Huaysai Huaythui 4 

    Phonsavang 4 
    Dane 4 
    Nam Ma 4 
    Nam Deua 4 

2 Ton Pheung Nam Keung Mai 4 
    Kor Sang 4 
    Sidonexay 4 
    Nakham 4 
    Donengeun 4 

3 Meung Nam Meung 4 
    Phonsavang 4 
    Lathkhounmuang 4 
    Huaythad 4 
    Xayphathana 4 

4 Paktha Koneteun 4 
    Huaykhod 4 
    Paksoc 4 
    Paksang 4 
    dong 4 

5 Phaoudom Pangthong 4 
    somsavang 4 
    Viengkhamyai 4 
    Homsouk 4 
    Mokso 4 

Total 100 
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Figure 9 Location of household respondents in each districts in Bokeo province 
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4.2 Data analysis  
The secondary data was reviewed by using the primary data to cross-check, leading to 

the accurate data that capture the current situation of land use in the selected area. ArcGIS is a 

tool that is used to classify the land use layers in each period by integrating both field survey 

and Satellite map to ensure the accuracy and precision of the land use classification.  

The impact of land use changes from shifting cultivate to Para-rubber plantation and 

Banana, in each district of BoKeo province to local people’s livelihood will be conducted. In 

this case study, people’s livelihood will be analyzed at household level to get understanding 

of what key economic activities of household (HHs) and the incomes from these activities. 

Data collected from HHs will help to see difference of HHs livelihood before and after land 

use change and how these land use change can affect to their livelihood. In order to qualify 

the change of livelihood, the income of HHs from different sources will be compared between 

before and after land use change.   

1) Import data and information  

The field survey data was input into excel field and the system designed by MRCS. This 

will allow national expert to analyze easily through MRC analysis platform as well as ArcGIS 

program. In addition to that The socio-economic data can be overlaid with land use layers, 

leading to the understanding and capturing the impacts of land use in local selected area.   

2) Analyze specific information  

Firstly, the secondary was reviewed especially the policy of national and province strategy 

related to agriculture and forestry. While the secondary was reviewed, the land use was also 

re-classified and standardized based on the guidelines of MRC. After the classification of the 

land use in each period, the detection of land use change has been implemented in order to 

interpret the change of the land utilization, leading to the identification of trend of land use 

change and impacts of land use respectively. The process to develop land use map is 

illustrated as figure 10 which starts by pre-processing from many satellites images from 

RapidEye (2010), SPOT (2005) and LANDSAT (2000) and finishes by map development. After 

development the map, accuracy assessment is also conducted in order to ensure the accuracy 

of the classification. It is certain that satellites images from Alos/Pansharpen (2010), SPOT 

(2005) and LANDSAT (2000) are used for accuracy assessment. If there is an inaccuracy, the 

error will be corrected. Figure 11 demonstrated three main step of agriculture and land use 

classification.  
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Source: Department of forestry  

Figure 10 Figure 10 the process of developing Land Use Map 

 
Source: Department of forestry  

Figure 11 The step of agriculture and land use classification 
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4.3 Case Study 
Most traditional cultivation was to produce the upland and paddy rice in the past and 

farmers have to be rotate the land to grow the rice. However, this practice could not produce a 

large amount of crop production despite the degradation of forest areas. In this regard, 

farmers have to change the agricultural practice by growing the cash crop such as maize, 

sugarcane, rubber and banana. This change of agricultural practice stems from the 

government policy which would like to promote the commercialization of agricultural 

production.  

The above-mentioned land use change has both advantages and disadvantages based 

on the literature review on chapter 4.  In order to investigate the driving forces and impact of 

land use from the cash crop. Two study cases are selected which are the change of upland rice 

to rubber and the change of both upland rice and rubber to banana. The reason why to select 

these two cases because these two crops influences the economic, socio-cultural and 

environmental condition in Bokeo province. For example, in terms of economic condition, 

rubber and banana can generate high incomes for local farmers as these two crop are 

demanded by investors from neighboring countries resulting from the commercialization of 

agricultural production. Besides that, In terms of socio-cultural condition, farmers seem to 

stop their farming as they allow investors to rent the land through farming and land ownership 

contract and some teenagers go to work in neighboring countries as agriculture career cannot 

meet their financial requirement. Moreover, in relation to environment condition, there are 

some problems which affects bio-diversity. These influences related to three main factors 

which will be further discussed in the chapter 5.  
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5. Result of the Study 
5.1 Agricultural Land Use Changes9 

After detection the land use change from 2005 to 2015, the forests had decreased 

slightly, while the agricultural land had increased at the end of period which are illustrated in 

the table 16. This stems from the human activity as people need to rotate the land for shifting 

cultivation and some areas might be converted into rubber and banana. According to the 

survey, firstly farmers like to grow job's tear, upland rice, paddy rice, maize and rubber. 

Later, they change to grow banana, oil tree, vegetables while they remain growing upland 

rice, paddy rice and rubber. It can seem that maize seems to be converted into other crops 

such as banana and oil tree. The cultivation of such mentioned can be a result of the reduction 

of forest areas. The details of the change of agriculture practice will be described in section 

5.2.  

2005 2010 2015
Type Code  Area_ha % Area_ha % Area_ha %

Broadleaved Evergreen Forest 11 107,863      15.46     107,676      15.44     107,284      15.38     
Broadleaved Deciduous Forest 12 308,216      44.19     302,852      43.42     299,890      42.99     
Forest Plantation 16 -            -        6               0.00       187            0.03       
Bamboo Forest 21 216            0.03       237            0.03       230            0.03       
Shrubland 22 185,762      26.63     167,034      23.95     186,091      26.68     
Grassland 41 750            0.11       750            0.11       753            0.11       
Shifting cultivation 51 8,817         1.26       26,899        3.86       9,605         1.38       
Paddy Rice 61 24,941        3.58       23,433        3.36       23,446        3.36       
Annual Crop 62 49,756        7.13       57,312        8.22       58,631        8.41       
Urban Area 71 2,481         0.36       2,584         0.37       2,603         0.37       
Bare Soil 72 472            0.07       470            0.07       470            0.07       
Other Land 80 223            0.03       237            0.03       299            0.04       
Water Body 81 8,050         1.15       8,054         1.15       8,057         1.16       

Total 697,547      100.00   697,547      100.00   697,547      100.00    
When looking at land change detection in each 5-year period from 2005 to 2010, it can 

be seen clearly that 107,863 ha of Broadleaved Evergreen Forest had been changed to Shrub 

land at 89 ha, Shifting Cultivation at 98 ha and Annual Crop 1 ha which this type of forest 

remained only 107,675 ha. This change means that the forest had been destructed. In addition, 

Broadleaved Deciduous Forest at 308,216 ha had been converted into 2 hectares of 

Broadleaved Evergreen Forest, 5 ha of Forest Plantation, 15 ha of Bamboo Forest, 2,077 ha of 

                                                      
9 For land use classification, 12 out of 13 classes based on FIPD can be changed to the MRC standard. However, 
one class namely “Other Land” might be not able to change as the remote sensing experts are not clear from 
what type of land will be. Those might be crop land, grassland, settlement, bare soil or oil palm. 
 

Table 16 Land use change detection from 2005 to 2015 
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Shrubland, 3,259 ha of Shifting cultivation, 1,273 ha of Annual Crop land such as maize, 

banana, job's tear, vegetables and oil tree and 5 ha of Urban Area. This type of forest 

remained only 301,579 ha. This change also means that the forest area had been declined. 

Table 17 Land use change detection from 2005 to 2010 

Land Cover 2005 11           12           16 21    22           41    51         61         62         71       72    80    81       Total
11                        107,675 89           98         1          107,863 
12                        2            301,579 5   15    2,077      3,259    1,273    5        308,216 
21                        213 3            216        
22                        1,273      1   154,682 23,542   134       6,119    10       3        185,762 
41                        750 750        
51                        9     8,801      7     8,817     
61                        238         23,299 1,399    4        24,941   
62                        1,144      48,520 84       7     49,756   
71                        2,481 2,481     
72                        470 2        472        
80                        223 223        
81                        8,050 8,050     

 Total 107,676 302,852 6   237 167,034 750 26,899 23,433 57,312 2,584 470 237 8,054 697,547 

Land Cover 2010

 
From 2010 to 2015, It can be seen clearly that 107,676 ha of Broadleaved Evergreen Forest 

has been switched into Broadleaved Deciduous Forest at 129 ha, Regenerating  Vegetation at 

66 ha, Shifting cultivation mainly upland rice at191 ha, other lands10 at 3 ha and water at 3 ha. 

This area remained 107,284 ha which indicates that forest area has been declined particularly 

the decrease of the Broadleaved Evergreen Forest about 0.4 %. Apart from that the 

Broadleaved Deciduous Forest has also been changed to other type areas. Specially, 302,852 

ha of Broadleaved Deciduous Forest had been converted into 7 ha of forest Plantation, 1,020 

ha of Regenerating  Vegetation, 2,166 ha of Shifting cultivation, 122 ha of Annual Crop, 21 

ha of Other Land. Eventually, the deciduous forest remained 299,516 ha which can be 

inferred that this area experienced the degradation of forest as this type of forest decreased 1.1 

% from 2010 to 2015.  

                                                      
10 Other land is the land where can be identified by remote sensing experts. This can be crop land, grassland, 
settlement, bare soil or oil palm. 
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Table 18  Land use change detection from 2010 to 2015 

Land cover 2010 11 12 16 21 22 41 51 61 62 71 72 80 81 Total
11 107,284 129         66           191     3     3        107,676 
12 299,516 7     1,020      2,166  122       21    302,852 
16 1        5          6            
21 230 7        237        
22 245         163  159,906 3     6,127  48         513       6        24    167,034 
41 750 750        
51 11    24,941     766    29         1,124    20       8     1        26,899   
61 38           23,368 27         23,433   
62 7     119         342     56,840 1        4     57,312   
71 2            5        2,577 2,584     
72 470 470        
80 237 237        
81 1     8,053 8,054     

 Total 107,284 299,890 187 230 186,091 753 9,605 23,446 58,631 2,603 470 299 8,057 697,547 

Land cover 2015

 
5.2 Case Study 
5.2.1 Description of the case studies 

There are two case studies in this study: (1) change of the upland rice plantation 

(shifting cultivation) into the growing of rubber tree and (2) change of upland rice and rubber 

plantation to the growing of banana tree.  

The reason why the first case study was selected is the increase of rubber plantation in 

the pilot area because farmers think that rubber can provide more benefits than rice because 

they saw the farmers in other province gain benefits because of growing rubbers.  

Apart from the above-mentioned reason for the first case, the second case study is 

selected because of the increase of banana farmland in Bokeo province. This increase stem 

from the influence of Chinese investors who persuade local farmers to grow banana and 

purchase back with high price. In addition, some farmers provide the land for Chinese 

investors to rent which gain high incomes more than growing rice or rubber by themselves.  

5.2.2 Findings from the case studies 
❖ General Information 

After interviewing target households, it can be seen clearly that most of household head 

respondents are male which accounts for 92 percent and the rest is female accounting for 8 

percent as illustrated in figure 12. In relation to ages of respondents based on figure 13, 

respondents are at the age ranging from 50 to 59 which accounts for 34 percent. Apart from 

that, 26 percent are 40 to 49 years old. While 24 percent of respondents are 60 and above 60 

years old. The rest proportions are the respondents who are 30 to 39 years old which accounts 
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for 15 percent and 3 percent of respondents who are less than 30. It seems that there are no 

respondents who are less than 30 years. It can be inferred that household heads seem to have 

experience in agricultural practice this area.  

 
Figure 12 Gender of Respondents 

 
Figure 13 Age range of respondents 

 Apart from considering age and gender, educational status is also taken into account as 

illustrated in figure14. According this evidence, 55 percent of respondents complete less than 

high school, while 26 percent of respondents receive only high school or equivalent diploma. 

It is interesting to note that 18 percent of respondents cannot read or write.  
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Figure 14 Educational Status of respondents 

❖ Agricultural land use information 
In relation to the length of year that target farmers have been cultivating or utilizing 

their land, most of the farmers use their land for agricultural purposes up to 5 to 61 years 

illustrated in figure 15. Mostly farmers change their land use from around 2005 onward. 

According to the interview, 23 numbers of farmers changes the land use change and the two 

crops that they change to grow from upland and paddy rice are banana and rubber. It can be 

inferred that from 2005 to 2012, farmers changed from rice cultivation to rubber plantation 

and from 2013 onward, farmers changed from both rice and rubber plantation to banana 

farming.  

 
Figure 15  Length of Year for agricultural land use 
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Previously, farmers cultivate upland rice as a main crop as this is supported by the answer of 

respondents which accounts for 78 percent. Other crops are also Annual Crop particularly 

maize, paddy rice and industrial plantation such as rubber and oil tree. The proportion of each 

land use type based on the interview is demonstrated in figure 16.  

 
Figure 16 Land use Type in the past 

When comparing to the present situation, land use type is changed.  Annual Crop which 

is banana and vegetable becomes the main crop that are cultivated in this area. In the past, 

Annual crop is maize, but currently farmers change to grow banana and some vegetables such 

as cabbage, lettuce and others and 61 percent of total respondents grow the banana trees. The 

percentage of respondents who grow industrial plantation mainly rubber is also higher 

comparing to the past which account for 31 percent. The rest is orchard, paddy field and 

aquaculture11 in which the percentage of respondents is 4 percent, 2 percent and 1 percent 

respectively showed in the figure 17. 

 
Figure 17 Land Use Type in the present 

                                                      
11 This is based on the data from interview. However, livestock or pasture can also be considered in this class  
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In addition to the land use types change, the market for agricultural products has also 

been changed. It can be seen clearly that in the past, agricultural products particularly upland 

and paddy rice and others are supplied mostly for local market which can be the market 

within each district of Bokeo province. The evidence in figure 18 suggests that 91 percent of 

respondents said that their products are sold in the local market. In addition, previously 

international market (through investors) occupied just only 2 percent, while the exporter 

(direct export by farmers) accounts for 1 percent. The rest is family support accounted for 6 

percent.  

 
Figure 18 Market for Agricultural Products in the past 

While agricultural products are mostly sold in local market in the past, currently local 

market still be the main market. However, the percentage of who sold into international 

market increases sharply which accounts for 46 % showed in the figure 19. This can be 

inferred that the agricultural practice has changed as there are many investors come to invest 

the farms in Bokeo province and they export the agricultural products particularly banana to 

other neighboring countries such as China.  

 
Figure 19 Market for Agricultural Products in the present 
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After considering market in both past and present situation, labour farming data is also line 

with the market trend. In the past, labour is from family. It seems that family members help 

each other to cultivate rice, maize and rubber. The figure 20 indicates that 67 percent of 

respondents answer that labour is from family support and 29 percent is from hiring and 

family support and 4 percent accounts for none labour use. According this evidence, it can be 

inferred that the farming is conducted by local farmers without the external investment.  

 
Figure 20 Labour for farming in the past 

In the current situation, it seems different from the past as 46 percent of respondents answer 

that labour is from hiring and 35 % percent of household said that labour is from family 

support. In addition, 18 percent of respondent state that labour is from both hiring and family 

support. This evidence can be inferred that farming in Bokeo province is invested by external 

investors and they seem to hire local farmers to plant the crop for them.  

 
Figure 21 Labour for farming in the present 
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5.3 Driving forces of agricultural land use changes 

Based on the above-mentioned finding, the driving forces of agricultural land use are 

based on five factors which are economy, institution, location, environment and socio-culture. 

❖ Economic Factors 

 In terms of economic factors, high cost and benefit of current crop production accounts 

for 61 % which indicates in the figure 22. This means that if the current crop production is not 

profitable, the farmers seem to change the land use in order to grow other types of crop which 

gain higher production and incomes. Therefore, local people would like to change from 

upland rice cultivation to rubber as they believe that rubber can generate high incomes 

because it is commercial crop. Unfortunately, rubber is needed long period to harvest. Hence, 

banana is a great choice for them as it required short period to harvest and it is highly 

demanded from Chinese investors. Apart from that, other factors particularly rental fee is 

another factor that farmer tend to change the land use due to the fact that investors rent the 

land of farmers with high price. This high price is more profitable than what farmers gain 

from cultivation. In this regard, local farmers provide land to Chinese investors to rent to 

grow banana and they gain much money from rental fee. In addition to that, the opportunities 

for export is also one of factors. This factor can be inferred that if there is an opportunity for 

export, the farmers certainly will grow the demanded crop types. For example, a ton of 

banana is required by Chinese investors, so farmers would like to grow to get money unlike 

rice which is not demanded highly for export.  

 
Figure 22 Economic factors of land use change driving forces 
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❖ Institutional Factors 

Besides the economic factors, institutional factors especially contract farming and 

government policies. Regarding the figure 23 below, the main driving forces in the relation to 

institutional factors is contract farming which accounts for 63 percent. This also links to 

economic factors as farmers need high profit so they allow investors to rent the land based on 

the condition in the contract. It seems likely that the land that are rent is not totally farmland 

as there are some barren land and other agricultural land. However, investors also expand 

banana farm by utilizing those areas. Another following force is government policies which 

accounts for 33 percent. It appears that Lao government promotes the commercialization of 

agricultural products in order to encourage local farmers to grow the crop to sell as a product. 

This encouragement can make farmers generate high incomes for local farmers from their 

agricultural production. It is certain that this government policy aims to upgrade the 

livelihood of local people and to reduce the poverty in rural areas which will contribute to 

the Millennium Development Goals of Lao PDR. In order to implement this government 

policy, farmers are encouraged to grow the crop types which gain high incomes, resulting in 

the emergence of banana farmland owned by local farmers and international investors.  

 
Figure 23 Institutional factors of land use change driving forces 

❖ Environmental Factors 

Another factor is considered is environment. In this factor, there are 6 main forces: 

disaster, drought, lower soil fertility, land degradation, spreading of crop pets and diseases 

and more period of intensified rainfall illustrated in figure 24. It likely seems that disaster 

particularly flashflood account for 36 % of what target people said. This follows by the 
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drought which accounts for 29 percent. These two driving forces are consistent which the real 

situation in that area as Bokeo province always face flash flood and some areas of this 

province experience drought as well. Apart from those two key driving forces, low soil 

fertility is also another force resulting in the land use change. It can be inferred that shifting 

cultivation lead to poor quality of soil. Hence, farmers have to change to grow rubber and 

banana respectively by improving the soil quality through chemical process. In addition to 

that, some lands are degraded because farmers and farming investors need expanded land to 

grow banana in order to supply sufficiently what investors demand.    

 
Figure 24 Environmental factors of land use change driving forces 

❖ Socio-cultural factors 

A further factor is socio-culture. This factor links to five mains driving forces which 

illustrates in the figure 25 below. It appears that agricultural practices cannot cover costs of 

living of the household, leading to labour forces transferring to other sectors. 25 % said that 

farmers tend to do another work which can earn much money. This can link to the fact that 

farmers allow international investors to rent their land for farming banana. In line with this 

force, obviously people tend to migrate to live or work in  Urban Areaareas as well as 

neighboring countries as Bokeo province are bordered with Thailand, China and Myanmar 

which is easy to travel to such countries.  
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Figure 25 Socio-cultural factors of land use change driving forces 

5.4 Impacts of agricultural land use changes 

5.4.1 Environmental impacts 
❖ Chemical Fertilizer Use 

In relation to the land use change from shifting cultivation to rubber and banana, farmers 

likely to use high amount of chemical fertilizer annually. Previously, most farmers used only 

5 kilograms per hectare per year and some used 59 to 270 kg for rice cultivation illustrated in 

figure 26. The average amount average is 830 kilograms per hectare per year. The amount of 

chemical fertilizer use is suitable to generate production as market demanded.  

 
Figure 26 Previous Chemical Fertilizer Use 

However, currently, banana is highly demanded by investors. The figure 27 shows that 

10 household used fertilizers 720 kg per hectare annually with 908 kg per hectare per year of 
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average amount. When comparing to the previous average amount, the current one increases 

at 6.8 percentage. This evidence suggests that farmers use high amount of chemical fertilizer 

to feed the banana in order to generate high production of banana. 

 
Figure 27 Current Chemical Fertilizer Use 

Apart from the high amount of chemical fertilizer use, the frequency of use has also 

increased. In the past, farmers use chemical fertilizer only one times per year. This is 

supported by 49 households that answers to the survey form related to chemical fertilizer use 

in the pilot study area as showed in figure 28.  

 
Figure 28 Previous Frequency of Chemical Fertilizer Use 

On the other hand, the frequency of chemical fertilizer use has been increased 

significantly. It is certain that the chemical fertilizers are used to feed the crop mainly banana 

six times per year. This fact seems convincing as 40 target households responded that they 

use chemical fertilizer six times per months illustrated in figure 29. In comparison to the 
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previous time, only 11 people used chemical fertilizer six times per hectare per year. This 

evidence suggests that after land use change, chemical fertilizer use has been increased 

significantly, leading to many impacts in the area such as health problem, poor quality of soil, 

poor water quality and others.   

 
Figure 29 Current Frequency of Chemical Fertilizer Use 

❖ Biodiversity problems 

Apart from some negative problems caused by massive chemical fertilizer use, the 

biodiversity condition has changed. Previously, in this area, there were many forest areas 

where the biodiversity was in the good condition. This statement is supported by the answers 

of 100 respondents across Bokeo district. According to figure 30, 95 % of household 

respondents said that there is no a decrease of animal species in the past, while 5 % of 

household respondents mentioned that biodiversity has been threatened. This might stem the 

degradation of forest in the mountainous area for upland rice cultivation.  

 
Figure 30 The decrease of animal species the past 
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Comparing to the current situation, the decrease of animal species tends to exacerbate because 

of the land use change. The survey of this study described in figure 31 shows that 15 of 

respondent view that animal species decrease which is higher than the previous time about 10 

percent. Apart from the degradation of forests happening in the past, the reason why the 

animal species are because farmers grow rubber or banana, leading to the limitation of food 

for animals. Consequently, those species tend to be disappeared. 

 
Figure 31 The decrease of animal species the present 

❖ Soil Erosion problem 
In addition, soil erosion issue has been occurred in the past, but this was not extreme 

severe as 60 % of farmers said soil erosion was still lower, while 40 % mentioned that this 

issue has existed in the area as showed in figure 32. This is a result of the land use for shrift 

cultivation. It is certain that farmers have to clean up the land and there is no vegetation that 

covered the land, leading to the risk to be eroded during the heavy rainfall. Comparing to the 

present situation, this issue tends to be more serious because of the accumulative effects of 

previous land use and the current land use. Currently, farmers grow rubber and rubber and 

they do not need these crops covered by the grass. Therefore, they clean up them. In addition, 

these crop could not absorb the water efficiently, leading to the soil erosion and landside. 

Moreover, the intensity of rainfall seems higher because of climate change, leading to the 

exacerbation of this issue.  This argument can be supported by the finding of survey showed 

in figure 33 as 60 % said that this issue is higher. This evidence is confirmed that the soil 

erosion tends to be serious in this province.  
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Figure 32 Soil Erosion issues in the past 

 
Figure 33 Soil Erosion issues in the past 

5.4.2 Social and economic impacts 
❖ Incomes Generation 

According to the survey from target respondents illustrated in figure 34, there has been a 

significant change in household income from agricultural production before and after their 

land use change. Specifically, before changing land use, farmers gain incomes approximate 

1151.05 on average. This income is mainly from the selling the agricultural products mainly 

upland rice and paddy rice to local market. 
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Figure 34 Household Income Source from agriculture production in the past 

 In contrast, farmers received higher average incomes up 2274 per years from agricultural 

production. The detailed incomes are also illustrated in figure 35.  This evidence can be 

inferred that after changing from upland rice cultivation to banana farming, the incomes of 

local farmers have been increased sharply. This is because there is an international market 

especially from china that demands the banana through the business agreement between local 

farmers and Chinese investors.  

 
Figure 35 Household Income Source from agriculture production in the present 

Apart from the household income from agricultural production, farmers also generate income 

from off farm work. This work can be aquaculture and livestock. Based on the data showed in 

the figure 36, it can be seen clearly that most of the farmers generates income about 470 USD 

up to 4909 USD per year approximately.  
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Figure 36 Household income from off farm work in the past 

In comparison to the household income from off farm work in the current situation, farmers 

gain higher incomes from 587 USD up to 3868 USD per year according to the survey 

illustrated in the figure 37. This off farm work might be the land rental. It can be clearly that 

farmers allow investors to rent some of their land to grow banana. Another work might be the 

labor force in the neighboring countries as Bokeo has the border with China, Myanmar and 

Thailand which are easily travel and this creates the opportunity for local people especially 

farmers to migrate to work in those countries.  

 
Figure 37 Household income from off farm work in the past 

Employment  
In the past, the employment was not secured according to 80 percent of household 

respondents described in figure 38. This fact can be associate with the ownership of land. 

Without land ownership, farmers threatened the forest to do the upland rice cultivation and 
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they must rotate the land regularly in order to grow upland rice. In addition, agricultural job is 

not secured because of market limitation. Farmers do not have large market to sell their own 

products, leading to the shortage of incomes and becoming unemployed.  

 
Figure 38 Secured employment/market in the past 

In contrast, as illustrated in figure 39 currently employment and market are secured as a 

result of land use change, farmers have a variety of market to sell their products. Similarly, 

they also have an agreement with investors which can guarantee the markets for them. Apart 

from that, investors also hire local forces which creates the job opportunity for people in the 

area, leading to be able to generate their incomes.  

 
Figure 39 Secured employment/market in the present 
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❖ Access to safe water supply system 
 In the past, local people could not access to safe water supply system because of the 

unavailability of such systems, resulting from lack of funding. It is certain that they rely on 

natural water which might not safe and clean such as shallow well, spring or rainfalls. 

According to the survey, 43 % of target group people said that it was difficult to access to safe 

water services, while 46 % said that the access to such systems can be consider as a medium 

level and the rest of people accounting for 11 % viewed that it is easy for the accessible of 

water supply system illustrated in figure 40.  

 
Figure 40 Access to safe water supply system in the past 

In the contrast, currently the safe water supply systems are easier to access according to the 

survey. The portion of people who viewed as difficult and medium level has been decreased 

as described in figure 41. This indicates that the infrastructure of water system has been 

improved to support local community, leading to the improved access to such services. 

 
Figure 41 Access to safe water supply system in the present 
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❖ Access to improved health facilities  
Apart from the considering of data on access to safe water supply systems, improved 

health facilities are also taken to account. It likely seems that in the past the health services 

were not improved. This can be confirmed by people in Bokeo province; According to figure 

42, 55 % of target group said that it was difficult to access to health facilities, while 39 % 

target group viewed the access to improved health facilities as a medium stage and 6 % view 

as an easy stage to access.  

 
Figure 41 Access to improved health facilities in the past 

Comparing to the present situation, people can access to improved health facilities easily 

according to the survey illustrated in figure 43. 43 percent of target group said that it is now 

easier to access to health services, while 57 % of target group said that it is medium to access 

to those facilities as there are some problems that prevent to health facilities such as the long 

distances between community and health facilities. It seems that the percent of who is 

difficult to access have been removed. This can be inferred that the health facilities have been 

improved because of the investment in the health sectors of the government and the assistance 

from international organization such as WHO and others.  

 
Figure 42 Access to improved health facilities in the present 
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5.5 Adaption Measures/Practices 
In the pilot study, there are some projects funded by government, ADB, local and 

international nongovernmental organization (NRI) to support local people to deal with 

agricultural land use impact. The projects are varied depended on the fund provider. It likely 

seems that government improve irrigation systems to deliver the water for watering the crop 

as some areas can only grow only wet season and this irrigation system will allow farmer to 

cultivate crop both wet and dry season. Apart from the support in terms of irrigation system, 

agricultural land use monitoring is conducted annually. This includes the collection of soil 

sampling for further land use planning. It is certain that the government try to allocate 

agricultural land systematically for each kind of crop such as rice, rubber and banana in order 

to avoid the land degradation. 

 In addition, the government also promotes the alternative activity apart from farming 

which is livestock and aquaculture. Moreover, alternative crop planation such as tea 

plantation is also promoted by both government and local NGO. Besides the alternative crop 

farming, livestock and aquaculture, the government supported by ADB also promotes the 

forest regeneration in order to increase land cover. This will treat the land degradation which 

threatened by local farmers. Another measures that government has been resolved is the 

scanning of the farming contract between local farmers and investors. Government support 

the information and raise the awareness among local farmers before having a farming contract 

in order to avoid the problems related to economic, socio, environmental aspects of local 

farmers.  

Therefore, from above-mentioned adaptation measures, it can be seen clearly Lao 

government always take the land use change issue into consideration as this issue links to the 

agricultural production and the livelihood of people. 
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6. Lessons Learnt 
Through the implementation of this study, there are many benefits that allow land use 

experts to understand more the dynamic land use change in Bokeo province. In the past, land 

use change classification in Laos has been conducted widely which do not focus specifically 

to special case study. Hence, this study can allow to understand more underlying driving 

forces in particular factors including economy, institution, environment and socio-culture. 

Apart from driving forces, both positive and negative impacts are also highlighted which are 

very useful to understand both benefits and drawbacks in order to support decision maker to 

weigh up for further planning.  

However, this study has some shortcomings particularly the collecting data. Some 

farmers are not willing to share the actual data as they fear that government understand the 

underlying reasons of particular issues and they might be caught. The analysis tool designed 

by MRCS seem to be useful. However, the data interpretation is not well-functioned which 

need to be developed. Apart from that literature review need to be review widely as some 

information is quite limited.  

Nevertheless, technical team will utilize the benefits of this implementation into the 

national activity as there are other areas in northern provinces such as Oudomxay and 

Luangnamtha province face similar situation in which forces, impacts need be identified in 

order to find the adaptation measures for resolving such impacts.  
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7. Conclusion and Recommendation 
7.1 Conclusion 

Bokeo province is an area that is potential to have land use change impact as result of 

the change of agricultural practice. In the past, local farmers cultivated upland and paddy rice 

as main crops because of the geography. This practice could not generate high production, 

leading to low incomes. Later, they change this agricultural practice in order to grow other 

types of crop which are rubber and banana with the aim to have higher incomes as these two 

crops are highly demanded by international investors. This change pattern stems from the 

commercialization of agricultural products promoted by Lao government and the farming 

contract between local farmers and investors. It can be seen clearly that from this driving 

forces, farmers can generate high incomes as rubber and banana are profitable comparing to 

upland and paddy rice. This fact is because there is a market that demands these two crops.  

While there are some benefits of land use change, drawbacks also exist particularly 

related to environment and social factors.  In terms of environment, the soil tends to be 

infertile as farmers use large amount of chemical fertilizer which will have negative effects on 

soil in the long run and this is also associated with health problem of local farmers.  

7.2 Recommendation 
7.2.1 Technical recommendations and further improvement 

The technical recommendations and further improvement are here below: 

- Enhance agricultural and land use monitoring through analyzing of specific case 

study (Rice to maize; Rice to cassava; Forest to Rubber). 

- Strengthen regular data collection of land use of local farmers by using the 

technology and tool to store the data such as the software developed by MRCS.  

-  Classify specifically for agricultural land by identifying the areas of each crop such 

as banana areas, maize areas or rubber areas rather other classifying as an 

agricultural land. 

- Allocate the land for each type of crop by considering the soil quality, water supply 

and profitable crop.  

7.2.2 Plan and policy, mitigation and adaptation measures 

The mitigation and adaption measures can be here below: 

- Raise awareness among local farmers to have sustainable agriculture practice. This 

measure can be related to the promotion of crop varieties that suitable in the areas 

which may generate higher productions without affecting land quality and other 

environmental issues.  
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- Promote the alternative sustainable agriculture practice. This might include the 

promotion of livestock and aquaculture or the integration between livestock, 

aquaculture and agriculture farming.  
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8. Future Direction 

8.1 Future plan for agricultural land use monitoring 

In the future, agricultural land use monitoring should be enhanced. Firstly, technical 

team for land use monitoring in each district and province should be established then this 

team have to collect data and submit to the central team. The central team have to go to the 

field to support local technicians to do. Besides the formulation of the team, the data and 

information systems and analysis tool should be updated and maintained regularly to ensure 

the up to date data and the available tool to use. These should be followed by the regular land 

use analysis and assessment which usually is conducted per five years and the report should 

be published and disseminated to the local farmer to understand the trend of the land use. 

 In relation to this land use monitoring, this work is a priority of ministry of agriculture 

and forestry. There are two main activities to support this work. The first activity will be land 

cover classification which will be based on FAO standard then this land cover will be further 

classified for agricultural land which is also based on FAO standard. The agriculture land 

classification will be used for zoning the land that is suitable for each crop. This will include 

the field work which will be data collection for soil sample, the land use type to cross check 

with interpreted data from satellite.  

8.2 Requirements for future study on agricultural land use issues 

In the future, in order to track agricultural land use issues, agricultural land use map 

should be reclassified. The map should specifically identify the crop type which will help for 

land use planning. In addition to this, land use scenarios should be formulated by considering 

the national agriculture and forestry policy as well as socio-economic plan of the country. 

This scenario will be then assessment to allow decision market to recognize the trend of 

particular land use in the future. Moreover, the land use analysis should be linked to water 

assessment as land use is a main hydrologic response unit that need be considered.  
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Annex.2. Questionnaire and -Data Collection Form  
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Annex 3 Photos during the field survey and data collection 
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Executive Summary 

The project “Piloting Agricultural Land Use Monitoring” in the selected sites in the Lower 
Mekong Basin (LMB) was conducted aims to update spatial data and information of land use/land cover 
in some selected sites in the LMB and studies the impact of the country policy changing on land use 
change, socio-economic and livelihood of people in each country. For this project, Thailand chose 
Bueng Kan as a study area because it locates in Mekong basin. The Mekong River flows along its 
northern border that share with the southern border of Lao PDR. In addition, there was huge land use 
changed in Bueng Kan, especially, from paddy field to Para rubber plantation. Therefore, land use 
change in Bueng Kan may impact on the Mekong River both in the term of water level and agricultural 
chemical contamination. The general information both at provincial and national level were collected 
and analyzed. The GIS databases in this project were derived from both MRC and LDD, and used to 
study the paddy fields were changed to Para rubber plantation areas. Field survey and data collection by 
using 354 questionnaires were done cover all districts of the province. The information in questionnaires 
including general information, agricultural land use, driving forces of agricultural land use change, 
impacts of agricultural land use change, and adaptation measures/activities. Those collected data were 
registered to MRC Mobile Application for data analysis.  The focus group discussion was hold to 
confirm the data and analysis results. The results show that there are some factors affect on the farmers’ 
decision and land use change in the study area; for example, Para rubber plantation areas expansion 
policy of Thai government, the promotion and support from some institutions e.g. The Rubber Authority 
of Thailand (ROAT) who supported loan, some seedling, and training, high Para rubber price, non-
suitable land for rice issue, and influences from the neighbors. The impacts of paddy field change to 
Para rubber plantation are both positive and negative. This change benefited to both farmers and 
environment.  The farmers could get higher and consistency income from Para rubber production. Some 
farmer can return homeland and have secure job. In addition, Para rubber plantation can reduce chemical 
substances utilization, reduce the release of methane into the atmosphere, and control water levels in the 
Mekong River. However, because of Para rubber plantation area expansion, it caused the reduction of 
food production lands and some flora and fauna disappear from those lands. From this change, Thai 
government and people in the study area learn to adapt themselves; for example, the government make 
some policy such as “Zoning by Agri-Map” and passing of Land Development Act to assist the farmers 
and control land utilization and land use change. Thai government and farmers are more concern on land 
use planning to agricultural products over supply production quota, product price assurance, etc. Both 
government and farmers are more concern on environmental issues and carefully using agricultural 
chemical substances that can contaminate to water bodies. Future plan and future study for agricultural 
land use monitoring, LDD is seeking some update and high spatial resolution satellite image for 
enhancing land use classification. In addition, the new challenge of LDD is the monitor and study land 
use in Thailand cover in all aspects; for example, economic aspect and environmental aspect. 
 



1. Introduction 
1.1 Background and justification 

The study of impacts of land use changed from paddy field to Para rubber plantation in 
each district of Bueng Kan province on local people’s livelihood was conducted. In this case, 
people’s livelihood was analyzed at household level to get understanding of what key economic 
activities of household (HHs) and the incomes from these activities. Data collected from HHs 
was help to see difference of HHs livelihood before and after land use change and how these 
land use change could affect to their livelihood. In order to qualify the change of livelihood, the 
income of HHs from different sources were compared between before and after land use change.  

1.2 Objective of the activity 
Objectives of the project on “Piloting Agricultural Land Use Monitoring” in the selected 

sites in the Lower Mekong Basin (LMB) are following;  
- To update spatial data and information of land use/land cover in some selected sites in 

the LMB of year 2003, 2010, and collect new data and information for the most recent update 
land use/land cover in each country, focusing on agricultural activity. The land use/land cover 
changes will be analyzed to define the hotspot areas of changes and for the case studies selection. 
The field survey for data collection and focus group discussion will be used as tools for data 
analyzing on the driving forces of major agricultural land use changes, impacts of land use 
change to local people’s livelihood to provide recommendations on agricultural land use 
management for farmers, local governments and land use planners.  

- To study the impact of the country policy changing on land use change, socio-economic 
and livelihood of people in each districts of Bueng Kan.  

1.3 Summary of activity implementation 
Thai working group selected Bueng Kan as a study area of Thailand because there was 

obviously changed from rice paddy field to Para rubber plantation area in this province.  
In addition, there were enough available data for this study. Moreover, there were significantly 
historical changed on agricultural land use and socio-economic condition that highly depended 
on agriculture as main criteria. The tasks of the piloting agricultural land use monitoring  
in selected Bueng Kan Province, Thailand were shown in table 1. However, there were 4 main activities 
in this project: data collection, spatial data analysis, field data collection/ interview, and focus group 
discussion.  

1.3.1 Data collection 
 Primary and secondary data were collected from the line agency and others office such as 
climate, soil resources, water resources, forest resources, land cover maps of 2003 and 2010 from 
MRCS, national land use/land cover database, maps and documents on land use planning, 
statistics of agricultural area, land use policy, and other basic infrastructure information, etc. 
Information from the land economic section, Land Development Department (LDD), Agricultural 
Development Plan of Bueng Kan Province, and information from related organizations such as 
Department of Internal Trade, Department of Agriculture Office of Agricultural Economics, and others 
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documents. For spatial data that is available, for example; topographic map data, administrative 
boundaries, clusters maps, land use maps, etc. 

1.3.2 Spatial data analysis 
Because LULC databases of Bueng Kan from 2003 to 2015 derived from 2 sources: MRC 

and LDD, LULC classification system were difference. All data needed to normalize followed 
the FAO Land Cover Classification System Version 3 (LCCS3) before performed LULC change 
detection. After all data was normalized, the data was imported and analyzes LULC changed. 
The LULC changed maps were produced in order to determine the changed areas from paddy 
fields to Para rubber plantation areas. These maps were used to study tendency of LULC 
changed in the study area and determined field data collection and interview locations also.  

1.3.3 Field data collection/ interview 
This project was used questionnaires designed to capture the field data based on the MRC 

format for field data collection. The question in the questionnaire consisted of general 
Information, agricultural land use, driving forces of agricultural land use change, impacts of 
agricultural land use change. The sample size was calculated using modified Cochran’s Formula 
(Stephanie, 2018). There were 385 households (samples). The LULC changed maps was used to 
determine the sampling locations across 8 districts of Bueng Kan provinces.   

1.3.4 Focus group discussion 
The focus group discussion is another tool to help the national experts to more 

understand of the situation and circumstance in their pilot study areas. In this case, the focus 
group discussion was hold in order to monitor the  report including  the confirmation on 
historical agricultural land use change and its direction, driving forces of the change in the pilot 
area, linked to the national level, impact of the change in environmental, social, and economics 
aspects on local people’s livelihood (positive and negative), adaptation measures that have been 
implemented or implementing at the provincial level: description on what the option is, outcome 
and lesson leant, and prioritize list of the potential adaptation measures. The participants in the 
focus group discussion were consisted of national consultants, facilitators, farmers from each 
district of Bueng Kan province, and experts on agriculture and rural development at district level. 
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Table 1  The tasks of the piloting agricultural land use monitoring in selected Bueng Kan Province, Thailand  

Activities 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

1. Pilot area selection             

2. Literature review and secondary data 
collection             

3. LU database preparation            

4. Field survey (land use database checking in 
the pilot area)            

5. Famers interview using the questionnaires             

6. Data analysis (analyze the data and 
information from QQ)            

7. Draft final report             

8. Focus group discussion            

9. Submit a final report            

Remark     -   tasks have done in year 2018 

1.4 Structure of the report  
  This section is an overview of the report that explains the key features of the report. This 

report consists of 8 chapters; including, introduction, overview of agricultural land use, pilot 
area, methodology, result of the study, lessons learnt, conclusion and recommendation, and 
future direction. The details of each chapter are following; 

1) Introduction is the first chapter which explains the background and justification as 
well as the objective of this research.  

2) Overview of agricultural land use is a chapter that explain the summarizing of the 
history, current situation, and trend of agricultural land utilization at provincial and national 
level, driving forces of agricultural land use change particularly national's policies and markets, 
and impacts of land use/land cover change in Bueng Kan province, Thailand. 

3) Pilot area is a chapter that explains the general and specific information of the pilot 
area; including, the geography, climate and other conditions, while the specific information is 
land use status in the selected area; including, land use change, driving forces and the impacts. 
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4) Methodology is a chapter which describes the procedures and materials of each 
activity. This research consists of 4 main activities; including; data collection, spatial data 
analysis, field survey and interview, and group discussion.  

5) Results of the study are in a chapter which describes the results and discussion of 
each activity; for example, agricultural land use changes, driving forces and impacts of 
agricultural land use changes. Besides the driving forces and impacts, the adaptation measures 
are also provided. 

6) Lessons learnt is a chapter which shows how the government and people in the 
study area gain from the land use change in order to reflect the benefits and shortcoming of the 
study for further application in other areas. 

7) Conclusion and recommendation is a chapter which is provided key summary of 
agricultural land use impacts and the suggestion to deal with the impacts. 

8) Future direction is the last part which gives the future plan for agricultural land 
use monitoring and requirements for future study on agricultural land use issues of Thailand. 

2. Overview of agricultural land use  
Based on land use data from the Land Development Department, 2006-2007, Thailand found that 

the proportion of land use of agricultural land is the highest, ranked No.1, 52.66 percent  
of the country area or 27,021,952.32 hectares with the area of paddy field is 12,524, 315.2 hectares  
or 24.41 percent of the country area. Followed by annual crop areas such as corn, sugarcane, 
cassava has 6,398,766.56 hectares or 12.47 percent of the country area and the area of industrial 
perennial crop area such as rubber, eucalyptus oil palm, with an area of 4,774,054.72 hectares  
or 9.30 percent of the country area. However, the land use data in 2015-2016, the agricultural area 
increased to 55.41 percent of the country area or 28,430, 270.24 hectares. With the paddy field area 
reduced to 11,733,572 hectares or 22.37 percent of the area of the country. While the area  
of annual crops and industrial perennial crop areas are increase of 6,595,788.48 and 6,859,013.92 
hectares or 12.85 percent and 13.37 percent of the country area respectively. This shows that even 
though  
the agricultural areas are increased. But found that the area of rice farming, which is an important 
agricultural type of country, is decreasing. Because the land use are changed to another land use type 
such as urban areas, water sources or changing to other types of agriculture. Especially the production 
of agricultural products as raw materials entered into industrial factory such as sugarcane, cassava, 
rubber, and oil palm, etc (Land Development Department, 2007). 

The main factor that causes the change of paddy field area to another agricultural crop area  
is prices of the product. According to the price of unmilled jasmine rice in 2007 is 284 US dollar per 
ton (Exchange rate 31.25 baht per 1 US dollar) and the highest increase in 2011, the price is 479 US 
dollar per ton (Office of Agricultural Economics, 2012). Then the price is a tendency to continuously 
decreasing to 336 US dollar per ton in 2016.  

For the Para rubber plantation, when comparing prices for farmers in 2007, air dried rubber 
sheets is 2,248 US dollar per Ton, price of fresh latex is 2,176 US dollar per ton, which has 
increased continuously. Until the highest price is in 2011, the price of air dried rubber sheets is 
4,159 US dollar per ton, and the price of fresh latex is 3,916 US dollar per ton. Causing the 
rubber plantation areas in Thailand were significantly increased during the years 2009-2010 
(Rubber Authority of Thailand, 2016). 
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In addition, in 2004, the government has a project to expand 1 million rais (160,000 hectares)  
of the rubber plantation area, by operating in the northeastern region 112,000 ha and the northern 
region 48,000 ha for 3 years (2004-2006). The objective of this project is to solve poverty. And 
in order to have rubber production in line with the world rubber demand. That is causing more 
rubber plantation areas in Thailand were increased. In some areas, the paddy field has been 
changed to Para rubber plantation area (Rubber Authority of Thailand, 2018). 

3.   Pilot area  
The Provincial agricultural development policy of Bueng Kan  

The 77th province of Thailand, Bueng Kan was established on March 23, 2011 according to the 
resolution of Thai cabinet on August 3, 2010. Previously, Bueng Kan was a district of Nong Khai. 
With 430,500 hectares, Bueng Kan consisted of 8 districts, 53 sub-districts, 634 villages, 
59,703 households, 14 municipals, and 44 sub-district administration organizations. There was 
255,477 hectares land for agriculture in Bueng Kan, and a majority of people has been growing rice, 
field crops, cassava, vegetables, fruit crops, ornamental plants, herbal plants as economic crops. 
However, Para rubber, rice, and oil-palm have been the most important economic crops. Para rubber 
has been planted as economic crop since 1989. Nowadays, there are Para rubber plantation around 
115,507 hectares with 51,181 farmers. Para rubber has been popular in Bueng Kan since 2011 because 
government policy aimed to expand Para rubber plantation land and Para rubber high sale price at that 
time. Bueng Kan has been the first ranked of Para rubber plantation land in the northeastern region  
of Thailand. There were some Para rubber plantation farmers has been supported the budget from  
the government and companies, but some farmers used own budget. At that time, there were a lot of farmers 
decided to grow Para rubber, and the Para rubber plantation has been increased around 17,920 – 20,480 
hectares (Department of Provincial Administration, 2013). In Bueng Kan, Para rubber plantation has been 
grown as a single crop system. Thus, at early period Para rubber was too small the farmers had no income. 
Consequently, most of farmers tried to harvest the very young Para rubber; therefore, Para rubber trees 
were fast deterioration. Moreover, there is a disadvantage for Para rubber plantation in Bueng Kan 
because most of land is shallow, low fertility, and lateritic soil. Soil in Bueng Kan is lower quality than 
soil in the southern region of Thailand where is popular for Para rubber plantation also. Para rubber 
variety “RRIM 408” is suitable for the northeastern region of Thailand; however, there is not enough  
to distribute to farmers. In the past, Para rubber variety “RRIM 600” was popular in the northeastern region. 
However, continuously growing Para rubber variety “RRIM 600” caused the weaken rubber tree  
to Corynespora Leaf Spot disease. Moreover, there are some problems on Para rubber plantation  
in Bueng Kan. For example, low sale price due to over demand of Para rubber. Normally, Para rubber 
sale price in Thailand is a big problem and hard to control because it related to politics. Early 
harvested Para rubber is one important problem in the northeastern of Thailand. The farmers  
in the northeastern usually harvest too young Para rubber tree that very harmful to Para rubber.  
The young Para rubber tree can die around 70 percent if it is harvested. 

In 2003, there was a policy to increase Para rubber plantation area around 160,000 hectares 
and it cause deforestation for Para rubber plantation area expansion because of land limitation of 
farmers. In addition, some economic crops land including rice paddy field, cassava, and orchard 
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changed for Para rubber plantation. Consequently, Para rubber sale price was decreased. The changed 
of rice paddy field to Para rubber plantation area was a problem occurred both in Northern and 
Southern Thailand because the farmers believed that they could get more income from Para rubber 
than rice. However, because supply was over demand, the sale price was decreased. 

Nowadays, Para rubber sale price is still low, but there are a lot of the productive Para rubber 
trees in Bueng Kan. There are some farmers still keep the Para rubber trees, but some farmers has been 
changed their land to grow other more valuable economic crops. The farmers who are still growing 
Para rubber because they have no choice and cannot change because of poor and they are waiting  
for sale price increasing. 

3.1 General information and situation  

3.1.1 Location. 
Bueng Kan covers an area of approximately 430,574.60 Hectare. It is situated in North 

latitude between 17o 46' 11'' and 18o 27' 23'' and East longitude between 103o 14' 33'' and 104o 
11'27''. This province is subdivided into 8 districts; such as, Mueang Bueng Kan (district capital), 
Phon Charoen, So Phisai, Seka, Pak Khat, Bueng Khong Long, Si Wilai, and Bung Khla. The 
districts are further subdivided into 53 sub-districts (Tambon) and 615 villages (Muban)  
(Department of Provincial Administration, 2013).  

3.1.2 Boundaries 
The provincial boundary is shared borders with some provinces of Thailand and some 

provinces of Lao People's Democratic Republic (Department of Provincial Administration, 
2013). The details are following (Fig. 1); 

1) Northern provincial border is shared with Bolikhamsai Province of Lao PDR.  
2) Southern provincial border is shared with three districts of Sakon Nakhon Province; 

for example, Ban Muang, Kham Ta Kla, and Akat Amnuai. 
3) Easthern provincial border is shared with Bolikhamsai Province of People's Democratic 

Republic (Lao PDR) and two districts of  Nakhon Phanom; for example, Ban Phaeng, and Na Thom. 
It opposite the Laotian town of Pakxan of Bolikhamsai Province. 

4) Westhern provincial border is shared with Bolikhamsai Province Lao PDR and two 
districts of  Nongkhai; for example, Ratana Wapi and Fao Rai. 

 



 

 
 

 
Fig. 1  Bueng Kan Boundary Area  
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3.1.3 Geography  

  Bueng Kan province is abundance of natural resources. It is surrounded with mountains and 
rich of beautiful waterfalls; for example, Chet Si Waterfall and Cha Naen Waterfall where are in 
the Phu Wua Wildlife Sanctuary. Moreover some parts of Bueng Kan Province are along the 
Mekong River. General topography of this province is plateau that can divide into 3 main 
characteristics; for example, undulating plain, rolling plain, and mountains.  

2.2.1 The undulating plain area is scattering in every districts of province and is mostly 
used for paddy field, field crops and natural forest.  

2.2.2 The rolling plain area is found in Mueang Bueng Kan, Seka, Bueng Khong Long, Si 
Wilai, Bung Khla, and Phon Charoen. Most of this area is natural forest including dry deciduous 
dipterocarp forest, and mixed deciduous forest. 

2.2.3 The mountain area is situating at 200 meter above the sea level. It is high and steep 
slope mountains. Most of this area is in Mueang Bueng Kan, Bung Khla, Seka, and Bueng 
Khong Long. 

 
3.1.4 Transportation 
 Land transportation; especially car is the main transportation of this province.  From 
Bangkok, the capital city of Thailand, people can drive through the national highway number 1 
until reach Saraburi province, and then drive through the national highway number 2 past 4 
provinces; for example,   Nakhon Ratchasima,  Khon Kaen,  Udon Thani, and Nong Khai. After 
that, from Nong Khai to Bueng Kan drive through two districts of Nong Khai province such as 
Phon Phisai and Rattanawapi and then drive through Pak Khat districts of Bueng Kan province 
to Mueang Bueng Kan that is the capital district of  Bueng Kan. The total distance is 751 
kilometers and spends time around 11 hours. In addition, the distances from the capital district of 
Bueng Kan to other districts is showed in table 2. 

Table 2 Distance from the capital district of Bueng Kan to other districts.  

District Distance (Kilometers) 
1. Mueang Bueng Kan the capital district 
2. Phon Charoen 45 
3. So Phisai 78 
4. Seka 84 
5. Pak Khat 45 
6. Bueng Khong Long 97 
7. Si Wilai 24 
8. Bung Khla 44 

  



 

9 
 

3.1.5 Climate 

 Climate of Bueng Kan is high difference in each season. In cool season, it is cool and dry, 
but, in hot season, it is hot, humid, and has some rain. This province is affected from North-east 
Monsoon Season. There are three seasons as following; 
    Hot season begins in March and end in mid-May.  The weather is hot, muggy, and dry. 
The hottest month is April with temperature 36.2 Celsius. However, the average temperature in 
April is 29.60 Celsius. 
   Rainy season begins in mid-May and end in September. Sometimes, there are heavy 
rains. The average rain is 1,644 millimeters per year. 
   Cool season begins in November and end in February. The weather is cool and 
extreme dry; especially in December and January. The lowest temperature is 17.2 Celsius; 
however, the yearly average low temperature is 22.23 Celsius. 
  The 30 years weather statistics; for example, maximum temperature, minimum temperature, 
average temperature, rainfall, effective rainfall, and relative humidity and potential Evapotranspiration 
that were collected at the Nong Khai meteorology station from year 1988 to 2017 is showed in table 3 
and Fig. 2. The details are following; 

   1) Temperature 
    The yearly average temperature is 26.68 Celsius.  The yearly average maximum 
temperature is 32.44 Celsius, and the highest temperature is 36.20 Celsius in April. The 
yearly average lowest temperature is 22.23 Celsius, and the lowest temperature is 17.2 Celsius 
in December and January. 

   2) Rainfall 
    The average rainfall is 1,644 millimeters. The average maximum rainfall is 317.20 
millimeters in August and the average minimum rainfall is 7 millimeter in December. 

   3) Effective Rainfall (ER) 
    The effective rainfall is rain water that is remaining in soil. After rain infiltrate 
into the soil, so that soil saturated with water, the water is stored in soil. Plants can use this 
water for growing.  The total effective rainfall is 1,001.30 millimeters. However, the highest effective 
rainfall is 156.70 millimeters in August and the lowest effective rainfall is 6.9 millimeters in December. 

   4) Relative humidity and Potential Evapotranspiration 
    The average humidity each year is 74.00 percent and the average potential 
evapotranspiration each year is 103.90 millimeters. The average maximum evapotranspiration is 
127.50 millimeterห in April and the average minimum evapotranspiration is 81.84 millimeters in 
December. 

5) The analysis of seasonal suitability for economic crops plantation. 
    The analysis of seasonal suitability for economic crops plantation is used the monthly 
average rainfall and monthly Evapotranspiration: ETo to calculate. The periods that rainfall line 
is above 0.5 ETo line are suitable for economic crops growing. The result of the analysis is 
shown in fig. 4 and the details are following; 
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       (1) Suitable growing period is the period that soil moisture is appropriately for 
crop growing. Normally, it is in rainy season from mid-March to mid-November. However, in 
mid-November, there is less rainfall, but there is some storage water in soil, so people can grow 
short-lived plants. Moreover, people ought to make well growing plan that depend on their 
location; especially, on rainfed area. 

     (2)  Excessive rain fall period is the period that soil has high moisture due to high 
rainfall. This period is from late-April to mid-October. 

     (3) Unsuitable growing period is the period that less amount of rainfall and 
rainfall scattering. Soil moisture is not enough for plant growing. This period is mostly from 
mid-November to early-April. For rainfed area, this period is unsuitable for crop growing; 
however, people can grow economic crops if they have good irrigation.  

3.1.6 Water resources 

 Bueng Kan is located in Mekong basin that included two main rivers such as Mekong 
River which is 120 kilometers long and Song Kam River. Moreover, the area can divide into five 
sub-basins such as Part 7- Mekong River, Lam Hi, Upper-Song Kam River, Lower- Song Kam 
River, and Hui Kong. The details are shown in Fig. 3. 

 There are 1,030 natural water bodies in Bueng Kan, and they are scattering within all sub-
basins. However, there are 30 percent of them have been maintained and developed for water 
consumption and for drainage to prevent flood purpose. However, there are 70 percent still non- 
maintained and developed and need to develop for both consumption and flood prevention.   

Irrigation systems 

  There are large-, medium-, and small-scale irrigation schemes have been 
developed for agriculture and people consumption. In Bueng Kan, there are some irrigation 
development; specially, in severe drought area. There are three medium- scale irrigation 
schemes, one small- scale irrigation schemes, eight royal irrigation projects, and five Border 
Protection Village Projects. 
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Table 3  The weather statistics collected at the Nong Khai province meteorology station from 
year 1988 to 2017 ** 

Month Rainfall 
(mm.) 

Effective Rainfall *  
(mm.) 

Rain-
day 

Max. Temp.   
(๐ C) 

Min. Temp.   
(๐ C) 

Avg. Temp.   
(๐ C) 

Relative Humidity 
(%) 

Potential Evapotranspiration 
(mm.) * 

Jan 10.4 10.2 1.9 29.8 17.2 22.8 69 84.32 

Feb 19.8 19.2 3 32.1 19 24.9 65 88.20 

Mar 46.8 43.3 5.9 34.5 22.1 27.7 65 112.22 

Apr 79.2 69.2 8.1 36.2 24.4 29.6 67 127.50 

May 229.1 145.1 17 34.4 24.8 28.8 77 126.17 

Jun 250.2 150 19.4 33.2 25 28.4 82 110.10 

Jul 312.7 156.3 21.2 32.4 24.8 27.9 84 107.26 

Aug 317.2 156.7 22.1 32.1 24.6 27.7 85 104.47 

Sep 266.1 151.6 17.6 32.1 24.3 27.6 83 103.50 

Aug 87.5 75.3 8.4 32.1 23.1 27 76 108.50 

Nov 18 17.5 2.3 31.1 20.2 25.1 70 92.70 

Dec 7 6.9 1.1 29.3 17.2 22.6 68 8184 

Total 1,644.00 1,001.30 128.00 - - - - 1,246.78 

Average - - - 32.44 22.23 26.68 74.00 
 

Remark : * by calculation                  **Bueng Kan province does not have meteorology station  
Source : Meteorological Department, 2017     

  
 

Fig. 2  Water balance for agriculture of Bueng Kan province (based on data of Nong Khaiprovince) 
collected from year 1988 to 2017 
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Fig. 3  Bueng Kan Water Resources Area 
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3.1.7 Forest Resources 

 In Bueng Kan, forest resources cover the total area 240,776 hectares. However, the result 
of geo-information system analysis by overlay the forest map on Agricultural Land Reform Map 
shows that the rest of forest resources were in Law Enforcement Forest Area covering the total area 
36,647 hectares (Table 4 and Fig.4)  

 The Law Enforcement Forest Area can classify into 4 classes such as, wildlife sanctuary area 
covered 19,781 hectares or 4.59 percent of provincial area, National Park zone covered 1,575 
hectares or 0.37 percent of provincial area, Non-hunting Area covered 1,998 hectares or 0.46 
percent of provincial area, and National Reserved Forest Area covered 13,293 hectares or 3.09 
percent of provincial area. The National Reserved Forest Area; however, has been classified into 
3 zones according to the cabinet resolution on March 10th, 1992 as following; 

- The Conservation Zone (Zone C) covered 3,344 hectares or 0.78 percent of provincial 
area. 

- The Economic Zone (Zone E) covered 9,910 hectares or 2.30 percent of provincial area. 
- The Agricultural Zone (Zone A) covered 39 hectares or 0.01 percent of provincial area. 

  

Table 4 The Law Enforcement Forest Area in Bueng Kan 

Law Enforcement Forest Area           Area (hectares)              Percentages 

Phu Wua Wildlife Sanctuary Area 19,781 4.59 

Phu Lanka National Park Area 1,575 0.37 

Bueng Khong Long Non Hunting Area 1,998 0.46 

The National Reserved Forest Area 13,293 3.09 

- Conservation Zone (Zone C) 3,344 0.78 

- Economic Zone (Zone E) 9,910 2.30 

- Agriculture Zone (Zone A) 39 0.01 

Total  area 36,647 8.51 

Note : The data was analyst on Geoinformatic software.  

Source : Forest Department (2017); Department of National Parks, Wildlife and Plant Conservation (2017) 



 

 
 

Fig. 4    Bueng Kan Forest Resources Area 
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3.1.8  Socio-Economic Information in Bueng Kan  
1) Population and Housing Census 

 The population and housing census of Bueng Kan are shown in table 5-8 and fig 5-6. It 
shows that the total population on 2016, December 31st was 421,625 people including 212,432 
males and 209,193 females.  The ratio of female to male was 98.5. This ratio shows that there 
were 99 female to 100 male. Most of populations were living in non-municipal area: 78.62 
percent and the rest of them were living in the municipal area: 21.38 percent. Furthermore, the 
population distribution in each district is shown in table 6 and fig. 6. The highest population 
district was Mueang Bueng Kan: 92,216 people or 21.87 percent, and the lowest population 
district was Bung Khla: 14,029 people or 3.33 percent. The population and housing density in 
each district of Bueng Kan from 2003 to 2016 were shown in table 6. An averaged density of 
population was 0.98 people per hectare. The highest population density district was Pak Khat: 
1.61 people per hectare and the lowest population density district was Bung Khla 0.58 people per 
hectare. In addition, there were 128,846 households in Bueng Kan.  

 
2) Gender issue  
In the rural areas of the LMB, women assume major water related responsibilities. The 

reduced availability of rice and fish due to water and related developments often has more 
negative impacts on women as they are responsible for growing and preparing most of the food 
and carry out most home food processing (Paiboonvorachat, 2018) as same as in Bueng Kan 
province that located in the LMB. In this pilot study of agricultural land use monitoring, the 
Thai national team had incorporated the gender issue in the data collection using semi-structure 
interview using questionnaire and focus group discussion. 

Table 5 Population of Bueng Kan classified by sexes and administrative area in 2016 

Administrative area 
Population 

Percent 
Total Male Female 

Total 421,625 212,432 209,193 100.00 

Municipal area 90,142 44,858 45,284 21.38 

Non-municipal area 331,483 167,574 163,909 78.62 

Source: Calculated from the data of Department of Provincial Administration, Ministry of Interior (2016) 
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    Fig. 5 Population proportion in municipal and non-municipal area of Bueng Kan in 2016 

 
 

 

 
      Fig. 6 Population of Bueng Kan classified by district in 2016 
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Table 6  Population and housing census of Bueng Kan in each district of Bueng Kan from 2003 to 2016 

district 
Male Female Total Housing 

2003 2010 2016 2003 2010 2016 2003 2010 2016 2003 2010 2016 

Province 202,806 200,359 212,432 198,673 196,612 209,193 401,479 396,971 421,625 89,988 105,328 128,846 

Seka 41,760 42,019 43,578 40,916 41,118 42,757 82,676 83,137 86,335 18,370 21,673 25,333 

So Phisai 37,580 35,192 36,576 36,518 34,258 35,764 74,098 69,450 72,340 15,479 17,809 20,410 

Bueng Khong Long 17,689 18,188 18,887 17,377 17,620 18,583 35,066 35,808 37,470 8,071 9,697 11,464 

Bung Khla 6,501 6,562 7,025 6,431 6,475 7,004 12,932 13,037 14,029 2,843 3,342 3,938 

Pak Khat 16,871 17,139 17,744 16,633 16,834 17,459 33,504 33,973 35,203 7,476 8,883 11,316 

Phon Charoen 20,527 21,136 22,115 20,460 20,973 21,974 40,987 42,109 44,089 9,137 10,582 12,204 

Mueang Bueng Kan 42,412 40,521 46,370 41,252 40,037 45,846 83,664 80,558 92,216 19,831 22,928 31,530 

Si Wilai 19,466 19,602 20,137 19,086 19,297 19,806 38,552 38,899 39,943 8,781 10,414 12,651 

             
Source: Calculated from the data of Department of Provincial Administration, Ministry of Interior (2003-2016) 
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Table 7 The population and housing density in each district of Bueng Kan from 2003 to 2016 

District 
Male Female Total population Housing 

2003 2010 2016 2003 2010 2016 2003 2010 2016 2003 2010 2016 

Province 0.47 0.47 0.49 0.46 0.46 0.49 0.93 0.92 0.98 0.21 0.24 0.30 

Seka 0.43 0.43 0.45 0.42 0.42 0.44 0.84 0.85 0.88 0.19 0.22 0.26 

So Phisai 0.38 0.36 0.37 0.37 0.35 0.36 0.75 0.70 0.73 0.16 0.18 0.21 

Bueng Khong Long 0.44 0.46 0.47 0.44 0.44 0.47 0.88 0.90 0.94 0.20 0.24 0.29 

Bung Khla 0.27 0.27 0.29 0.26 0.27 0.29 0.53 0.54 0.58 0.12 0.14 0.16 

Pak Khat 0.77 0.79 0.81 0.76 0.77 0.80 1.54 1.56 1.61 0.34 0.41 0.52 

Phon Charoen 0.57 0.58 0.61 0.56 0.58 0.61 1.13 1.16 1.22 0.25 0.29 0.34 

Mueang Bueng Kan 0.54 0.51 0.59 0.52 0.51 0.58 1.06 1.02 1.16 0.25 0.29 0.40 

Si Wilai 0.59 0.60 0.61 0.58 0.59 0.60 1.18 1.19 1.22 0.27 0.32 0.39 

              
*The population and housing density = population and housing per area (hectare) 

Source: calculated from the data of Department of Provincial Administration, Ministry of Interior (2003-2016) 
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Table 8 Population changing rates in each district of Bueng Kan in 2010 and 2016 based on the population in 2003  

District Male Female Total Household 

2010 2016 2010 2016 2010 2016 2010 2016 

Province -0.17 0.36 -0.15 0.40 -0.16 0.38 2.24 2.73 

Seka 0.09 0.33 0.07 0.34 0.08 0.33 2.36 2.45 

So Phisai -0.94 -0.21 -0.91 -0.16 -0.93 -0.18 2.00 2.11 

Bueng Khong Long 0.40 0.50 0.20 0.52 0.30 0.51 2.61 2.67 

Bung Khla 0.13 0.60 0.10 0.66 0.12 0.63 2.31 2.48 

Pak Khat 0.23 0.39 0.17 0.37 0.20 0.38 2.46 3.14 

Phon Charoen 0.42 0.57 0.35 0.55 0.39 0.56 2.09 2.21 

Mueang Bueng Kan -0.65 0.69 -0.43 0.81 -0.54 0.75 2.07 3.50 

Si Wilai 0.10 0.26 0.16 0.28 0.13 0.27 2.43 2.78 

                   Source : Calculated from the data of Department of Provincial Administration, Ministry of Interior (2003-2016) 
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3.1.9 Economics 

 Gross Provincial Product Data: GPP 
 Gross Provincial Product at current market prices by economic activities between 2011 

and 2014 were shown in table 9. The GPP at Current Market Prices in 2014 was 22,459 million 

Baht.  The agricultural sector accounts for 8,684 million Baht and the non-agricultural sector 

accounts for 13,774 million Baht. The per capita GDP was 63,426 Baht. The major sectors of 

GDP were agriculture, hunting and forestry sector, Manufacturing sector, Construction sector, 

real estate, renting and business activities sector and education sector. The most important crops 

were Para rubber and rice. 

Table 9 Gross Provincial Product at current market prices by economic activities between 2011 and 2014 

 Unit : Million Baht 

Industrial Origin 2011 2012 2013 2014 

Agricultural sector 9,378 10,146 10,144 8,684 

Agriculture, Hunting and Forestry 9,232 9,995 9,961 8,479 

Fisheries 146 151 183 205 

Non-agricultural sector 8,111 12,353 13,816 13,774 

Mining and Quarrying 172 233 224 225 

Manufacturing 1,322 3,053 3,900 3,504 

Electricity, Gas and Water Supply 128 212 257 283 

Construction 301 536 686 938 

Wholesale and Retail Trade; Repair of Motor 
Vehicles, Motorcycles and  Personal and Household 
Goods 

1,848 2,319 2,330 2,291 

Hotels and Restaurants 3 26 31 33 

Transport, Storage and Communications 214 362 415 425 

Financial Intermediation 175 388 736 778 
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Table 9 (cont.) 

Unit : Million Baht 

Industrial Origin 2011 2012 2013 2014 

     

Real Estate, Renting and Business Activities 1,080 1,166 1,078 1,109 

Public Administration and Defence; Compulsory 
Social Security 

427 1,181 1,043 832 

Education 1,851 2,172 2,336 2,576 

Health and Social Work 389 478 517 542 

Other Community, Social and Personal Services 
Activities 

185 215 237 237 

Private Households with Employed Persons 16 12 26 1 

Gross Provincial Product (GPP) 17,488 22,500 23,961 22,459 

GPP Per capita (Baht) 48,512 62,763 67,250 63,426 

Population (1,000 persons) 360 358 356 354 

Source: Bueng Kan Provincial Statistical Office (2016a) 
 
 
 Labor Force Status 

Labor force status of population with age 15 years old and over in 2016 is shown in Table 10 

and 11. The number of population with age 15 years old who are in labor force is 150,932 people or 

56.2 percent. However, there are 108,218 people or 40.3 percent were not in labor force. In addition, 

most of labor force population was in agricultural sector with 68 percent, and the rest was in non-

agricultural sector with 32 percent (Fig. 7). The non-agricultural workers are mostly in wholesale, 

retail trade, manufacturing, and government-sector. 
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Table 10  Population with age 15 years old and over classified by labor force and sex of Bueng Kan in 2016 

Labor Force Status Total Male Female 
  

 
People 

      Population with 15 years old and over 268,570 130,818 137,752  

1. Person in labor force 160,351 90,984 69,368  

1.1  Present labor force status 152,428 86,030 66,397  

1.1.1  Employed 150,932 85,193 65,739  

1.1.2  Unemployed 1,496 837 659  

1.2  Seasonally inactive labor force 7,924 4,953 2,970  

2. Person not in labor force 108,218 39,834 68,384  

2.1  Household work 34,643 1,361 33,282  

2.2  Students 18,515 8,402 10,113  

2.3  Others 55,060 30,072 24,989  

 
Percent  

Population with 15 years old and over 100.0 100.0 100.0  
1. Person in labor force 59.7 69.6 50.4  
   1.1  Present labor force status 56.8 65.8 48.2  
      1.1.1  Employed 56.2 65.1 47.7  
      1.1.2  Unemployed 0.6 0.6 0.5  
   1.2  Seasonally inactive labor force 3.0 3.8 2.2  
 2. Person not in labor force 40.3 30.4 49.6  
   2.1  Household work 12.9 1.0 24.2  
   2.2  Students 6.9 6.4 7.3  
   2.3  Others 20.5 23.0 18.1   

Source:  Summary of labor force status survey of Bueng Kan  in 2016 (Bueng Kan Provincial Statistical 
Office, 2016b) 
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Fig. 7 Proportion of population with 15 years old and over in agricultural and non-agricultural 

sector in 2016 

 
Table 11 Number and percent of population with 15 years old and over classified by Industrial origin 

and sex of Bueng Kan in 2016 

Industrial Origin Total Male Female 

  People  

Total 150,932 85,193 65,739 
1. Agriculture, Hunting and Forestry 102,654 59,464 43,190 

2. Mining and Quarrying 95 39 55 

3. Manufacturing 4,360 2,014 2,346 

4. Electricity, gas, steam and air conditioning supply 81 81 - 

5. Water supply; sewerage, waste management and remediation 
activities 

120 - 72 

6. Construction 7,665 5,822 1,843 

7. Wholesale and retail trade; repair of motor vehicles and 
motorcycles 

14,749 7,428 7,322 

8. Transportation and storage 584 535 - 

9. Accommodation and food service activities 3,499 663 2,836 

10. Information and communication 245 131 114 

11. Financial and insurance activities 523 333 190 
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Table 11 (cont.) 

Industrial Origin Total Male Female 

  People  

12. Real estate activities - - - 

13. Professional, scientific and technical activities 169 77 - 
14. Administrative and support service activities - - - 
15. Public administration and defense; compulsory social security 5,542 3,950 1,592 
16. Education 4,236 1,654 2,582 
17. Human health and social work activities 2,790 674 2,115 
18. Arts, entertainment and recreation 666 373 - 
19. Other service activities 2,686 1,729 957 
20. Activities of households as employers; undifferentiated goods    
and services-producing activities of households for own use  174 108 67 
21. Activities of extraterritorial organizations and bodies  - - - 
22. Unknown - - - 
 Percent 

Total 100.0 100.0 100.0 
1. Agriculture, forestry and fishing 68.0 69.8 65.7 
2. Mining and quarrying .. .. .. 
3. Manufacturing 2.9 2.4 3.6 
4. Electricity, gas, steam and air conditioning supply .. .. - 
5. Water supply; sewerage, waste management and remediation 
activities 

.. - .. 

6. Construction 5.1 6.8 2.8 
7. Wholesale and retail trade; repair of motor vehicles and 
motorcycles 

9.8 8.7 11.1 

8. Transportation and storage 0.4 0.6 - 
9. Accommodation and food service activities 2.3 0.8 4.3 
10. Information and communication 0.2 0.2 0.2 
11. Financial and insurance activities 0.3 0.4 0.3 
12. Real estate activities - - - 
13. Professional, scientific and technical activities .. .. - 
14. Administrative and support service activities - - - 
15. Public administration and defense; compulsory social security 3.7 4.6 2.4 
16. Education 2.8 1.9 3.9 
17. Human health and social work activities 1.8 0.8 3.2 
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Table 11 (cont.) 

Industrial Origin Total Male Female 

 Percent 
18. Arts, entertainment and recreation 0.4 0.4 - 
19. Other service activities 1.8 2.0 1.5 
20. Activities of households as employers; undifferentiated goods    
and services-producing activities of households for own use  .. .. .. 
21. Activities of extraterritorial organizations and bodies - - - 
22. Unknown - - - 
Note:  ..  = Few number 
Source: Summary of labor force status survey of Bueng Kan in 2016 (Bueng Kan Provincial Statistical 
Office, 2016b) 
 

Agriculture  
 Types and cultivated area of four important economic crops; for example Para rubber, oil 
palm, rice, and pineapple in Bueng Kan from 2006 to 2015 collected by the Land Development 
Department (2018) were shown in table 12 and Fig. 8. Furthermore, yield statistic of economic 
crops was shown in table 13-15 and Fig. 9-11. The average Para rubber yield per hectare is 1.44 
metric ton, oil palm is 10.51 metric ton, wet-season rice is 1.96 metric ton, and pineapple 26.83 
metric ton. However, Para rubber is the most important economic crop of Bueng Kan. It helps 
people to get jobs and incomes. Majority of households which growing Para rubber is small 
stakeholders and their major income depends on Para rubber production. In addition, most of 
farmers who are planting Para rubber, they had been growing cassava, sugarcane, and rice 
before. For rice growing, most of them grew it for household consumption. 
  
 The statistic of four economic crops cultivated area in Bueng Kan from year 2006 to 
2015 derived from Land Development Department (2018) is shown in table 12. It shows that, 
there were rice paddy 173,208 hectares in 2006 and 117,447 hectares in 2015. From year 2006 to 
2015, the rice paddy was reduced around 12.14 percent. On the other hand, there were Para 
rubber plantation 105,956 hectares in 2006 and 194,385 hectares in 2015. Para rubber plantation 
area from year 2006 to 2015 was increase around 22.96 percent. Furthermore, the area expansion 
of Para rubber plantation was changed from rice paddy (Fig 8).  
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Table 12  Statistic of four economic crops cultivated area in Bueng Kan from year 2006 to 2015 

    
Unit: hectares 

Crop 2006 2008 2010 2015 

Rice 173,208 153,294 135,480 117,447 

Pineapple 541 66 29 32 

Para rubber 105,956 121,209 169,328 194,385 

Oil palm - 355 2,248 5,110 

 Source : Analysis by use LDD statistic database 2018 
 
 
 
 

 
Fig. 8  Rice and Para rubber cultivated area in  Bueng Kan from year 2006 to 2015 
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Table 13 Yield and yield per area of wet-season rice in Bueng Kan from year 2011 to 2016 

Year Yield  
(metric ton) 

Yield per area  
(hectare/ metric ton) 

2011 165,157 2.39 

2012 147,430 2.02 

2013 135,726 1.93 

2014 138,578 1.80 

2015 128,787 1.81 

2016 142,357 1.93 

Changing rate (%) -2.62 -3.90 

Source : Agricultural Information Center (2018a) 
 
 
 
 
 

  
 

Fig. 9 Yield and yield per hectare of rice in Bueng Kan from year 2011 to 2016 
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Table 14 Yield and yield per hectare of Para rubber in each district of Bueng Kan in 2016 

District Yield  
(metric ton) 

Yield per area  
(metric ton/hectare) 

Province 159,693 1.44 

Mueang Bueng Kan 43,766 1.49 

Phon Charoen 14,481 1.41 

So Phisai 28,339 1.40 

Seka 28,040 1.39 

Pak Khat 12,986 1.47 

Bueng Khong Long 12,185 1.46 

Si Wilai 13,913 1.46 

Bung Khla 5,983 1.48 

Source: Office of Agricultural Economics (2017) 
 
 

  
Fig. 10  Yield and yield per hectare of Para rubber in each district of Bueng Kan in 2016 
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Table 15 Total Para rubber yield and yield per area in Bueng Kan from 2011 to 2016 

Year Yield  
(metric ton) 

Yield per area  
(hectare/ metric ton) 

2011 89,505 1.41 

2012 80,559 1.08 

2013 92,165 1.13 

2014 104,162 1.19 

2015 152,780 1.41 

2016 159,693 1.44 

Changing rate (%) 13.73 1.43 

Source: Office of Agricultural Economics (2016) 
 
 
 

 
Fig. 11  Total Para rubber yield and yield per area in Bueng Kan from 2011 to 2016  
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Aquaculture 

 Most of aquaculture in Bueng Kan is freshwater aquaculture with small pond size around 
0.12 – 0.16 hectares. However, freshwater aquaculture is not a main purpose for pond utilization. 
Actually, the farmers make ponds for consumption and growing crops. Thus, it is not too much 
income from aquaculture. In addition, fish in pond are from natural fish and get treat not well. 
Notwithstanding, most farmer may release small fish in rainy season to the pond. After treating  
6-10 month, the fish will be caught for household consumption. This period of fish catching  
is usually the same time of rice harvesting that begins in November and end in April. However,  
the farmers will not catch all fish in their ponds. Some fish will be remained in ponds for the next 
season. Bueng Kan Fisheries Provincial Office (2015) reveals that the most of aquacultures is in Seka: 
1,874 households and the fewest aquacultures are in Bueng Khong Long: 330 households. 
However, Mueang Bueng Kan had the highest freshwater aquaculture yield:  836.54 metric ton 
and Bueng Khong Long had the lowest freshwater aquaculture yield:  38.27 metric ton (Table 
16, Fig. 12-13). 
 
 
Table 16 Number of households that did freshwater aquacultures, the area of fresh water 

aquaculture raising types, and yield in each district in 2015 

District Households 
Area of raising types (hectares) Yield 

(metric ton) Total Pond Fish-cage 

Province 7,524 1,186.83 1,185.24 1.59 1,859.32 

Mueang Bueng Kan 1,316 220.12 219.04 1.08 836.54 

Phon Charoen 392 58.82 58.80 - 56.81 

So Phisai 1,377 263.34 263.22 0.12 208.41 

Seka 1,874 216.27 215.90 0.37 310.75 

Pak Khat 421 50.49 50.49 - 119.03 

Bueng Khong Long 330 52.25 52.25 - 38.27 

Si Wilai 1,378 261.71 261.71 - 232.23 

Bung Khla 436 63.84 63.84 - 57.29 

Source: Bueng Kan Fisheries Provincial Office (2015) 
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Fig. 12  Number of households that did freshwater aquacultures in each district in 2015  

 

 
Fig. 13  Fresh water aquaculture yields in each district in 2015 
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Livestock 
 Livestock in Bueng Kan is not popular. People are usually working as an extra-work. In 
addition, there are various types of animals; for example, indigenous chicken, duck, beef cattle, 
dairy cattle, swine, and buffalo (Table 17, Fig.14). 
Table 17 Livestock classified by district in 2015 

District Cattle Buffalo Swine Goat Goose Chicken Goat 

Province 13,977 8,246 12,624 266 263 613,838 108,830 

Mueang Bueng Kan 2,323 1,080 1,653 - 26 125,065 7,640 

Phon Charoen 1,702 1,048 598 - - 48,655 9,070 

So Phisai 2,292 647 872 5 5 66,716 25,639 

Seka 3,179 2,022 2,160 - - 87,301 6,339 

Pak Khat 274 84 329 97 48 19,857 1,896 

Bueng Khong Long 2,966 2,326 5,354 154 160 52,682 14,897 

Si Wilai 877 584 1,221 - - 200,628 40,962 

Bung Khla 364 455 437 10 24 12,934 2,387 

Source: Bueng Kan Provincial Statistical Office (2015) 

Chicken
81%
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14%
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Fig.14 Livestock in Bueng Kan  classified by type in 2015 
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3.2 Agricultural land use and land use change 

Agricultural Land Use in 2003 
 According to the MRC database, with the total area 397,590 hectares of Bueng Kan, in 
2003 land utilization can be classified to 8 types. The details are following (Fig. 15);   

 1. Annual crop; for example, maize, cassava, vegetables, etc covered totally 24,587 hectares or 6.18 
percent of provincial total area. The annual crop was mostly found in Mueng Bueng Kan, So Phi Sai and 
Pak Khat. 

 2. Rice paddy field covered totally 245,428 hectares or  61.73 percent of provincial total area.  Rice 
paddy field was the most land use type in Bueng Kan and it was scattered in all districts.  

 3. Orchard; for example, mango, orange, banana, rambutan, longan, and tamarind covered totally 
1,228 hectares  or  0.31 percent of provincial total area, and was scattered in all districts. 

 4. Urban area; for example, village, Road, and Industrial land covered totally 12,519 hectares  or  3.15 
percent of provincial total area, and was scattered in all district. 

 5. Industrial plantation; for example, sugarcane, cotton, oil palm and Para rubber covered totally 
59,485 hectares or 14.96 percent of provincial total area. The industrial plantation was mostly found in 
Bungkha, upper part of  Seka, and some part of Mueng Bueng Kan, So PhiSai, and Pak Khat. 

 6. Forest area; for example, broadleaved deciduous forest and broadleaved evergreen forest 
covered totally 33,418 hectares or 8.41 percent of provincial total area. It was found in 
Bungkha, Si Wilai, and southern part of  Bung Khlong Long 

 7. Aquaculture; for example, fish farm covered totally  163 hectares  or  0.04 percent of 
provincial total area, and was mostly found in Seka 

 8. Water Body; for example, artificial water bodies including farm pond, reservoirs, and 
irrigation canal and  natural water bodies including lakes, canals, and rivers  covered totally 
20,762 hectares  or  5.22 percent of provincial total area, and was mostly found in all districts. 

 Agricultural Land Use in 2010 

 According to the MRC database that classified land use\land cover in Lower Mekong River 
Basin using LANDSAT-5 TM in 2010. Land use in Bueng Kan can be classified to 13 types. The 
details are following (Fig. 16);    
 1. Annual Crop; for example, maize, cassava, vegetables, etc covered totally 12,906 
hectares or 3.25 percent of provincial total area. The annual crop was mostly found in Bungkha, 
Bung Khlong Long, Seka, and Phon Chareon. 
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 2. Rice paddy field covered totally 132,644 hectares or 33.36 percent of provincial total 
area. Rice paddy field was the second most land use type in Bueng Kan, and was found 
scattered in all districts.  
 3. Orchard; for example, mango, orange, banana, rambutan, logan, and tarmarind covered 
totally 846 hectares  or  0.21 percent of provincial total area, and was found scattered in many 
districts excepted Bungkha. 
 4. Grassland is area in which the vegetation is dominated by a nearly continuous cover of 
grasses, or which are dominated by grasses, often 3 to 6 feet (or around 1-2 meters) tall at 
maturity covered totally 7,375 hectares or  1.85 percent of provincial total area, and was found 
scattered in all districts. 
 5. Shrubland is a plant community that diverse assortment of vegetation types sharing 
common physical characteristic, dominated by shrubs covered totally 20,578 hectares or  5.18 
percent of provincial total area, and was found scattered in all districts. 
 6. Urban Area; for example, villages, road, and industrial land covered totally 15,840 
hectares  or 3.98 percent of provincial total area, and was found scattered in all districts. 
 7. Bare Soil is the land is not covered by (semi-) natural or artificial cover covered totally 
466 hectares or 0.12 percent of provincial total area. The bare soil land was found scattered near 
Mekong river bank and in Phon Chareon. 
 8. Industrial Plantation; for example, sugarcane, cotton, oil palm, and Para rubber covered 
totally 153,373 hectares  or  38.57 percent of provincial total area, and was found scattered in 
all districts. 
 9. Forest area; for example, broadleaved deciduous forest, broadleaved evergreen forest, 
and forest plantation covered totally 27,353 hectares or  6.88 percent of provincial total area, 
and was found Bungkha,  Si Wilai, and southern part of Bung Khlong Long. 
 10. Bamboo Forest covered totally 336 hectares or 0.09 percent of provincial total area and 
was found in southern part of Seka and Bung Khlong Long. 
 11. Marsh/Swamp Area is the land that have vegetative cover is significantly influenced by 
water and dependent on flooding covered totally 5,443 hectares  or  1.37 percent of provincial 
total area, and was found at both sides of the river bank that scattered in all districts. 
 12. Aquaculture; for example, fish farm covered totally 92 hectares  or  0.02 percent of 
provincial total area, and was found in Seka and Phon Charoen. 
 13. Water Body; for example,   artificial water bodies including farm pond, reservoirs, and 
irrigation canal and  natural water bodies including lakes, canals, rivers  covered totally  20,338 
hectares  or  5.12 percent of provincial total area, and was found scattered in all districts. 

Agricultural Land Use in 2015 

 According to the LDD database that classified land use\land cover in Bueng Kan using 
LANDSAT-5 TM in 2015. Land use in Bueng Kan can be classified to 13 types. The details are 
following (Fig. 17); 
    



 

35 
 

 1. Annual Crop; for example, maize, cassava, vegetables, etc covered totally 2,072 hectares or 
0.54 percent of provincial total area. The annual crop was mostly found in Bungkha, Bung Khlong 
Long, Seka, and Phon Chareon. 
 2. Rice paddy field covered totally 108,449 hectares or 27.27 percent of provincial total area. 
Rice paddy field was the second most land use type in Bueng Kan, and was found scattered in all 
districts.  
 3. Orchard; for example, mango, orange, banana, rambutan, longan, and tamarind covered totally 
437 hectares  or  0.10 percent of provincial total area, and was found scattered in many districts 
excepted Bungkha. 
 4. Grassland is area in which the vegetation is dominated by a nearly continuous cover of 
grasses, or which are dominated by grasses, often 3 to 6 feet (or around 1-2 meters) tall at maturity 
covered totally 2,906 hectares or 0.73 percent of provincial total area and was found scattered in all 
districts. 
 5. Shrubland is a plant community that diverse assortment of vegetation types sharing common 
physical characteristic, dominated by shrubs covered totally 15,924 hectares or 4.01 percent of 
provincial total area, and was found scattered in all districts. 
 6. Urban Area; for example, villages, road, and industrial land covered totally 16,772  hectares  
or 4.22 percent of provincial total area, and was found scattered in all districts. 
 7. Bare Soil is the land is not covered by (semi-) natural or artificial cover covered totally 123 
hectares or 0.03 percent of provincial total area. The bare soil land was found scattered near Mekong 
river bank and in Phon Chareon. 
 8. Industrial Plantation; for example, sugarcane, cotton, oil palm, and Para rubber covered totally 
200,391 hectares  or  50.40 percent of provincial total area, and was found scattered in all districts.  
 9. Forest area; for example, broadleaved deciduous forest, broadleaved evergreen forest, and 
forest plantation covered totally 24,012  hectares or  6.04 percent of provincial total area, and was 
found Bungkha,  Si Wilai, and southern part of Bung Khlong Long. 
 10. Bamboo Forest covered totally 249 hectares or 0.06 percent of provincial total area and was 
found in southern part of Seka and Bung Khlong Long. 
 11. Marsh/Swamp Area is the land that have vegetative cover is significantly influenced by water 
and dependent on flooding covered totally 4,243 hectares  or  1.07 percent of provincial total area, and 
was found at both sides of the river bank that scattered in all districts. 
 12. Aquaculture; for example, fish farm covered totally 216  hectares  or  0.05 percent of 
provincial total area, and was found in Seka and Phon Charoen. 
 13. Water Body; for example,   artificial water bodies including farm pond, reservoirs, and 
irrigation canal and  natural water bodies including lakes, canals, rivers  covered totally  21,796 
hectares  or  5.48 percent of provincial total area, and was found scattered in all districts. 



 

 

 Fig. 15   Land Cover Map of Bueng Kan Province in 2003 
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Fig. 16  Land Cover Map of Bueng Kan Province in 2010 
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Fig. 17  Land Cover Map of Bueng Kan Province in 2015 
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Table 18 Land Use Change from 2003 to 2015 

Land Use Type Area Area 
ha % ha % 

Annual crop 24,587 6.18 12,906 3.25 
Rice paddy field  245,428 61.73 132,644 33.36 
Orchard   1,228 0.31 846 0.21 
Urban area   12,519 3.15 15,840 3.98 
Industrial plantation    59,485 14.96 153,373 38.57 
Forest area   33,418 8.41 27,353 6.88 
Aquaculture  163 0.04 92 0.02 
Water Body     20,762 5.22 20,338 5.12 
Grassland    

  
7,375 1.85 

Shrubland    
  

20,578 5.18 
Bare Soil    

  
466 0.12 

Marsh/Swamp Area  
  

5,443 1.37 
Bamboo Forest    

  
336 0.09 

Grand Total 397,590 100 397,590 100 

Source: modified from LDD database 2018’ 

 
3.2.1 The Para rubber plantation land changing analysis of Bueng Kan between 2006 and 2015 

According to land use/ land cover in 2003 and in 2010 database of MRC, it is found that 
industrial plantation land and rice paddy field were obviously changed. For the industrial 
plantation land, there was increased 93,888 hectares that was increased 157.82 percent of the 
remained proportion in 2006. On the other hand, paddy rice field was decreased 112,784 hectares 
that was decreased 45.97 percent of the remained proportion in 2006.  Therefore, this study was 
analyzed further using land use/ land cover of Bueng Kan in 2003 and in 2010 database map 
scale 1:25,000 of Land Development Department, Thailand. The result shows that Para rubber 
was an obviously increased industrial plantation crop. There was 98,503 hectares in 2006 (Table 
18 and fig. 18) that was mostly planted in Seka, Mueng Bueng Kan, and Si Wilai. 
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Table 19  Para rubber plantation in each district of Bueng Kan in 2006 

District 
Areas 

hectares Percentage 

Mueng Bueng Kan          19,863             20.16  

Khlong Long            9,985             10.14  

Bungkha            6,537              6.64  

Pak Khat            4,043              4.10  

Phon Chareon            5,668              5.75  

Seka          30,013             30.47  

Si Wilai          14,063             14.28  

So Phisai            8,331              8.46  

Total        98,503         100.00  
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Fig 18  Para Rubber Plantation Area of Bueng Kan Province in 2006 
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In addition, the land use classification from the database of LDD, there was 179,173 ha in 2015 
(Table 19-20 and Fig. 19). The Para rubber plantation areas were increased 80,670 ha or  81.90 
percent of the remain area 98,503 hectares in 2006. It was mostly planted in Mueng Bueng Kan, 
Seka, So Phisai, Si Wilai, Phon Chareon, and Bung Khlong Long. 

Table 20  Para rubber plantation in each district of Bueng Kan in 2015 

District 
Areas 

Area (hectares) Percentage 

Mueng Bueng Kan       47,055             26.26  

Bung Khlong Long       13,877              7.75  

Bungkha         7,784              4.34  

Pak Khat       14,333              8.00  

Phon Chareon       18,002             10.05  

Seka       38,405             21.43  

Si Wilai       18,737             10.46  

So Phisai       20,980             11.71  

Total   179,173         100.00  

 Furthermore, the results of spatial analysis by overlay the land use/ land cover map of  2006 
and 2015 derived from LDD database  were shown in fig. 19. Rice paddy field was the most land use 
type changed to Para rubber plantation area, 51,952 hectares. In addition, the changed occurred in 
Mueng Bueng Kan, So Phisai, and Phon Chareon.  Annual crop including cassava, maize, and 
sugarcane was the second most land use type changed to Para rubber plantation area 17,446 hectares. It 
occured in Seka, Mueng Bueng Kan, So Phisai, and Pak Khat.  The other land including grassland, 
shrubland, abandoned mind, etc was hanged to Para rubber plantation area total 14,540 hectares that 
mostly occurred in Mueng Bueng Kan, Seka, Phon Chareon, and So Phisai. 
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Fig. 19  Para Rubber Plantation Area of Bueng Kan Province in 2015 
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Fig. 20   Land Cover Types in 2006 that Changed to Para Rubber Plantation Area in 2015 

44 

 



 

45 
 

 

3.3 Driving forces of agricultural land use change 

In this study, there were 5 factors; such as, economic, institution, location, environment, and 
sociocultural were the driving force of land use change from paddy field to Para rubber. The details  
of each factor are following; 

3.3.1 Economic factor  
There were some characteristics of economic factor that were driving force of land use 

change from paddy field to Para rubber plantation; such as, the farmers wanted to get high 
benefit from Para rubber, rice production has high cost, they could get consistency income 
from Para rubber production (they could sell rubber almost every month), they got low 
income from rice production, and they got low rice yield. 

3.3.2 Institutional factor 
There were some characteristics of institutional factor that were driving force of land 

use change from paddy field to Para rubber. Some farmers changed land use type because of 
persuasion or supported from some institutee. For example, The Rubber Authority of 
Thailand (ROAT) supported the farmers in this area by training and provided some seedling.  
In addition, Land Development Department (LDD) and Ministry of Agriculture and 
Cooperatives (MOAC) supported the farmers by training or providing some input. Bank of 
Agriculture and Agricultural Cooperatives (BAAC) supported the farmers by provided loan 
and fertilizers. Administration Organization (SAO) supported the farmers by training. 

3.3.3 Location factor 
There were some characteristics of location factor that were the driving force of land 

use change from paddy field to Para rubber. For example, some farmers changed because of 
the existence of the factories nearby. Moreover, they changed because of convenience of 
transportation. Some farmers changed because of existence of village’s cooperatives, 
inconvenience of transportation, markets nearby, easy to sell their products to middle men in 
village, and their land is proper for Para rubber. 

 

3.3.4 Environmental factor 
There were some characteristics of environmental factor that were the driving force of 

land use change from paddy field to Para rubber. For example, some farmers changed their 
land use because of drought. In addition, there were some farmers change because of non-
suitable land; such as, high land non-suitable for rice, flood, and infertile land. Furthermore, 
there some farmer change because Para rubber less pests than rice. 

3.3.5 Sociocultural factor 
There were some characteristics of sociocultural factor that were the driving force of 

land use change from paddy field to Para rubber. For example, some farmers changed 
because of persuasion of neighbor or they found that the neighbors could get high income 
when they cultivated Para rubber. Moreover, some farmers wanted to get higher income, 
some farmers were poor and insufficient expenditure,    some farmers wanted to move back 
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to their hometown, some farmers changed because it is inheritance work, and some farmers 
changed because they had no inheritor rice cultivation. 

3.4 Impacts of agricultural land use changes 
3.4.1  Environmental impacts 

- Positive impact  

1. Petsri et al. (2013) found that the environmental impacts of land use change from 
paddy rice to Para rubber can reduce the release of methane into the atmosphere. The 
management of rice paddy fields affects greenhouse gas emissions. How rice paddy fields are 
managed significantly influences the release of GHGs, a recent study concludes. Permanently 
flooded soils release more methane than soils that are flooded and then dried between 
production periods, for example. In general, the researchers recommend growing other crops 
in dried soil between production cycles, as well as limiting nitrogen fertilizers, to minimize 
the release of methane and nitrous oxide. Rice paddy fields are a source of the GHGs carbon 
dioxide (CO2), methane (CH4) and nitrous oxide (N2O). The extent of GHG emissions 
depends on: how the land is used; whether/which other plants are grown in rotation with the 
rice; organisms living in the soil; soil chemical and physical properties; and climate. The 
management of rice paddy fields influences the amount of CH4 and N2O emitted. When fields 
are flooded, anaerobic (no oxygen) soil conditions produce CH4. N2O can be produced by soil 
microbes in both aerobic (oxygenated) and anaerobic soils and emissions are largely 
dependent on nitrogen inputs (e.g. fertilizer). Typically, N2O emissions are low in 
permanently flooded fields but CH4 emissions are high, and there is a trade-off between them, 
depending on rice paddy water-management practices 

Moreover, the Para rubber trees can reduce GHGs by absorbing the GHGs from 
atmosphere and stock in biomass of the rubber trees plantations.  Petsri et al. (2013) found 
that the carbon stocks in rubber tree plantations were continuously increasing until the rubber 
trees reached an age of 22–25 years. On average, the carbon stock in the 25 years of a rubber 
tree biomass was about 128.4 t C ha−1. Although the carbon stock in latex also increased in a 
similar way to that of rubber trees, it was much less than that in the biomass of the rubber 
trees. Based on calculations involving Thailand's total rubber planting area (with various ages 
of rubber trees), the yearly average carbon stock change was the net increase of 1.71 Mt C y−1.  
On the other hand the yearly average greenhouse gas emission from cultivation of rubber tree was 
0.32 Mt C-e y−1. Compared to the increment of biomass carbon, the carbon emissions from rubber 
cultivation activities, mainly from fertilizer and herbicide application, were relatively small.  

2. The land use change from paddy rice to Para rubber may reduce the flooding in 
monsoon season.  The water levels in the Mekong River that continue to rise in monsoon season, 
prompting local authorities in Bueng Kan that locate in the North East of Thailand to warn 
riverside communities of possible flooding (Thadaphrom, 2018). From the result of some 
research of Wangpimool et al (2017) found that the Para rubber expansion impact on stream 
flow and other water balance components by reduced water balance in the basin. So it means 
that the flooding may not occurred in sometime because of high water requirement in Para rubber 
plantation.  

  



 

47 
 

 

- Negative impact  

 1. Para rubber expansion can impact on stream flow and other water balance 
components. Wangpimool et al (2017) found that there are some impact of Para rubber 
expansion on stream flow and other water balance components of the Nam Loei River Basin, 
Thailand. Due to the government’s support and promotion as well as economic reasons, the 
expansion of Para rubber plantations in the northeast has increased rapidly. This support has 
occurred without accounting for suitable cultivation of Para rubber conditions, particularly in 
areas with steep slopes and other factors which have significant impacts on hydrology and 
water quality. The results from their study has shown that the displacement of original local 
field crops and disturbed forest land by Para rubber production resulted in an overall increase 
of evapotranspiration (ET) of roughly 3 percent. The major factors are the rubber canopy and 
precipitation. Moreover, the water balance results showed an annual reduction of about 
percent in the basin average water yield, especially during the dry season. The major factors 
that influenced this result were the rubber canopy and precipitation. Moreover, runoff results 
reduced water balance in the basin by an annual average of about 3 percent, especially during 
the dry season. However, the effect of ET on water resources has increased complexity and 
uncertainty; the consideration of many Parameters of Para rubber and a reflection on the past 
will help the understanding of the dynamic changes. (Wangpimool et al, 2017) 

 2. Impact of herbicides and insecticides to water resources of Thailand. 

As an agricultural country and one of the world’s major food exporters, Thailand 
relies heavily on the use of pesticides to protect crops and increase yields. During the past 
decade, the Kingdom of Thailand has experienced an approximate four-fold increase in 
pesticide use. This increase presents a challenge for the Royal Thai Government in 
effectively managing and controlling pesticide use based upon the current policies and legal 
infrastructure.  

1) In the past Thailand belong to the largest user of pesticides worldwide. Now 
Thailand try to reduce the amount of chemical use and care more for environment protection 
and increased awareness about environmental pollution has changed people attitudes 
considerably and people in Bueng Kan province are really concerned about pollutions. So 
that mean the pesticide from Para rubber along the Mekong River might impact to the 
Mekong river health.  

2) Crop production and fertilizer use have been identified as a main source of 
diffuse pollution in water resources. Nutrient uptake by crops and loss by leaching is much 
greater than the nutrients applied. The result from interview found that the Land use change 
diffuse pollution in Mekong river and water area in Bueng Kan.  

3) Land degradation and soil depletion result in low crop yields and pollution of 
environment, soil erosion and landslide are found in Thailand when they use the steep slope 
for Para plantation.  

For 2008, farmers were affected by government policies. The rubber policy of 1 million rais 
(160,000 hectares) also affected the environment because of forest intrusion. Loss of 
cultivation area for other economic crops and led to the biodiversity loss. (Rubber Authority 
of Thailand. 2018) 
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4. Methodology 
 This research was performed in Bueng Kan province. There are 4 activities in this research 
which started in early April and end in November of 2018. The details of each activity are 
following; 

4.1 Data collection 
4.1.1  Primary and secondary data 

 The primary and secondary data e.g. climate, soil resources, water resources, forest 
resources,  and documents on land use planning, statistics of agricultural area, land use 
policy, and other basic infrastructure information, etc. were collected from the line agency 
and other offices including  the information from the land economic section, Land Development 
Department (LDD), Agricultural Development Plan of Bueng Kan Province, and information from 
related organizations such as Department of Internal Trade, Department of Agriculture Office of 
Agricultural Economics, and other documents / journals. 
 

4.1.2 The GIS data  
 Spatial data that is available, for example; topographic map data, administrative 
boundaries, land use maps, etc. were derived from LDD and other agencies in Thailand. Land 
cover maps of 2003 and 2010 were derived from MRCS and land use database of Bueng Kan 
Province modified from the database 2006, 2010, and 2015 of LDD. The list of spatial data 
which collected for the PALUM project showed in table 21. 

Table 21 The list of spatial data having collected for the PALUM project 

No. GIS Data Source Time Task 
1 Land Cover information 

of Bueng Kan province 
MRC (2003 
and 2010), 
LDD (2015) 

2003, 2010, 
and 2015 

Land Cover Classification  

2 Land Use information of 
Bueng Kan province 

LDD 2006, 2010, 
and 2015 

Land Use Classification 
and Standardization 

3 The Law Enforcement 
Forest Area database  of 
Bueng Kan 

Forest 
Department, 
department of 
national parks, 
wildlife and 
plant 
conservation  

2017 The law enforcement forest 
area analysis 

4 Administrative 
boundaries 

Department of 
Provincial 
Administration 

2013 Creating an administrative 
map  

5 Slope class Land 
Development 
Department 

2018 Creating a topographic map  

6 Irrigation information of 
Bueng Kan 

Royal 
Irrigation 
Department 

2016 Irrigated areas analysis   
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4.2 Spatial data analysis 

4.2.1 Data normalization 
For land use/land cover (LULC) classification and standardization we will follow the 

guidelines for data collection and focus group discussion of the MRCs. (Paiboonvorachat, 2018) 
- Classification is defined as ‘the ordering or arrangement of objects into groups or sets 

on the basis of relationships. These relationships can be based upon observable or inferred 
properties’. The term ‘classification system’ includes not only the definition of the domain 
investigated and the classification process of the objects, but also a considered set of 
principles, or methodology, to assign individual land uses to land use classes and their 
arrangement according to a set of adopted rules  

- Data standardization, which is defined as ‘the use of a single standard basis for 
classification of a specific subject, could help the Member Countries to directly compare their 
existing classes and reclassify national categories in harmonization with the regional 
categories.  

Land use/Land cover data of Bueng Kan from 2003 to 2015 derived from 2 sources such as 
MRC database and LDD database. However, LULC classification system of LDD is difference from 
MRC that is based on the FAO Land Cover Classification System Version 3 (LCCS3). Thus, before 
using the data, the LULC data from LDD has been modified to LCCS3. The LULC classes of LDD 
has been grouped based on LCCS3; such as, Annual Crop (AC) and Shifting Cultivation (SC) has 
been grouped to Crop (C).  Orchard (Or) and Industrial Plantation (IP) has been grouped to Perennial 
Plantation (P), Grassland (GR), Shrubland (SH), Broadleaved Deciduous Forest (BD), Bamboo 
Forest (BaF) and Marsh/Swamp Area (M/S) have been grouped to Natural & semi-natural vegetated 
areas (N), Aquaculture (AQ)  and  Water Body  (WA) have been grouped to Artificial &natural water 
bodies  (W). Finally, LULC of Bueng Kan from LDD can be classified to 7 classes based on LCCS3s 
(Table 22). 

Table 22  Grouping of  LULC in Bueng Kan  from LDD database based on LCCS3 

LULC Group class Group label LDD class Class 
Crop C Annual Crop AC 

Shifting Cultivation SC 
Paddy Rice PR Paddy Rice PR 
Perennial Plantation P Orchard Or 

Industrial Plantation IP 
Urban Area U Urban Area UA 
Bare Soil B Bare Soil BS 
Natural & semi-natural 
vegetated areas 

N Grassland GR 
Shrubland SH 
Broadleaved Deciduous Forest BD 
Bamboo Forest BaF 
Marsh/Swamp Area M/S 

Artificial &natural water 
bodies 

W Aquaculture AQ 
Water Body WA 

Source : Paiboonvorachat (2018) 
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To study LULC change in Bueng Kan, LULC maps of the year 2006, 2010, and 2015 
from land use database 2018 of LDD have been overlaid. Then, the LULC change maps have 
been generated; for example, LULC change map between 2006 and 2010, LULC change map 
between 2003 and 2015. From the analysis, it is found that there are 43 types of LULC 
change. Each type of LULC change has been determine by a code; for example, NoC is not 
change area, CPR is the area that field crop change to paddy rice, CP is the area that field 
crop change to perennial plantation, CU is the area that field crop change to urban area, CB is 
field crop change to bare soil, etc. (Table 22). 

Land Use Spatial Data (Paiboonvorachat, 2018) 

The Thai national team monitoring the LULC changed detection by following the MRC 
manual as table 23-24. 

Name: LUC_Name of pilot area_CC_0310LY 
Country code (CC): Cambodia (KH), Lao PDR (LA), Thailand (TH), Vietnam (VN) 
Year: latest year (LY) – last two digits of the latest land use data  

Example: LUC_Buengkan_TH_031016   
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Table 23   Data field structure for land use change data 

Field name Data 
type 

Filed 
size 

Definition Unit Explanatory note 

LCCODE_03 Text 2 Map code of 
FAO LCCS3 for 
the year 2003 

-  

TYPE_03 Text 50 Specific type of 
LULC under 
each single class 
of LCCS3 in 
2003 

- More details of LULC to 
correspond with each single 
class of LCCS, following the 
guidelines of 
attributes/explanations in Table 
1: Land Cover Types under 
FAO Land Cover Classification 
System Version 3 (LCCS3). 

LCCODE_10 Text 2 Map code of 
FAO LCCS3 for 
the year 2010 

-  

TYPE_10 Text 50 Specific type of 
LULC under 
each single class 
of LCCS3 in 
2010 

- More details of LULC to 
correspond with each single 
class of LCCS, following the 
guidelines of 
attributes/explanations in Table 
1: Land Cover Types under 
FAO Land Cover Classification 
System Version 3 (LCCS3). 

TYPE_LY Text 50 Specific type of 
LULC under each 
single class of 
LCCS3 in the latest 
year 

- More details of LULC to 
correspond with each single class 
of LCCS, following the guidelines 
of attributes/explanations in Table 
1: Land Cover Types under FAO 
Land Cover Classification System 
Version 3 (LCCS3). 

AREA Number 10 LULC area Hectare 
(ha) 

Value calculated from the polygon 
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Table 24 Codes of  LULC change classes and its description. 

No Code Description  
1 NoC Non-change  
2 CPR Change from Crop to Paddy Rice  
3 CP Change from Crop to Perennial Plantation 
4 CU Change from Crop to Urban Area 
5 CB Change from Crop to Bare Soil  
6 CN Change from Crop to Natural & semi-natural vegetated areas 
7 CW Change from Crop to Artificial &natural water bodies 
8 PRC Change from Paddy Rice to Crop 
9 PRP Change from Paddy Rice to Perennial Plantation  
10 PRU Change from Paddy Rice to Urban Area 
11 PRB Change from Paddy Rice to Bare Soil  
12 PRN Change from Paddy Rice to Natural & semi-natural vegetated areas 
13 PRW Change from Paddy Rice to Artificial &natural water bodies 
14 PC Change from Perennial Plantation to Crop 
15 PPR Change from Perennial Plantation to Paddy Rice  
16 PU Change from Perennial Plantation to Urban Area  
17 PB Change from Perennial Plantation to Bare Soil 
18 PN Change from Perennial Plantation to Natural & semi-natural vegetated areas 
19 PW Change from Perennial Plantation to Artificial &natural water bodies 
20 UC Change from Urban Area to Crop 
21 UPR Change from Urban Area to Paddy Rice 
22 UP Change from Urban Area to Perennial Plantation  
23 UB Change from Urban Area to Bare Soil 
24 UN Change from Urban Area to Natural & semi-natural vegetated areas 
25 UW Change from Urban Area to Artificial &natural water bodies 
26 BC Change from Bare Soil to Crop  
27 BPR Change from Bare Soil to Paddy Rice 
28 BP Change from Bare Soil to Perennial Plantation 
29 BU Change from Bare Soil to Urban Area 
30 BN Change from Bare Soil to Natural & semi-natural vegetated areas  
31 BW Change from Bare Soil to Artificial &natural water bodies 
32 NC Change from Natural & semi-natural vegetated areas to Crop  
33 NPR Change from Natural & semi-natural vegetated areas to Paddy Rice 
34 NP Change from Natural & semi-natural vegetated areas to Perennial Plantation 
35 NU Change from Natural & semi-natural vegetated areas to Urban Area 
36 NB Change from Natural & semi-natural vegetated areas to Bare Soil 
37 NW Change from Natural & semi-natural vegetated areas to Artificial &natural 

water bodies  
38 WC Change from Artificial &natural water bodies to Crop 
39 WPR Change from Artificial &natural water bodies to Paddy Rice  
40 WP Change from Artificial &natural water bodies to Perennial Plantation 
41 WU Change from Artificial &natural water bodies to Urban Area 
42 WB Change from Artificial &natural water bodies to Bare Soil  
43 WN Change from Artificial &natural water bodies to Natural & semi-natural 

vegetated areas 
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4.2.2  Spatial change detection 
 Change detection is defined as the process of identifying differences in  the state of 

an  object or phenomenon by observing it at different times. The general goal of change 
detection in remote sensing includes identifying the geographical location, recognizing and 
quantifying the type of changes and finally assessing the accuracy results (Paiboonvorachat, 
2018). Change detection analysis and mapping of paddy fields to Para rubber plantation areas 
is focused on the area of paddy fields in 2003 change to Para rubber plantation areas in 2010 
and 2015. Paddy fields map of year 2003 was overlaid on Para rubber plantation maps of 
year 2010 and 2015. Then, two maps of paddy fields changed to Para rubber plantation have 
been generated; for example, the change map between 2003 and 2010 and the change map 
between 2003 and 2015. The generated maps have been used for field survey and determine 
the sample location on farmer interview process. 

4.3 Field data collection/ interview 
This project was used questionnaires (see annex 1) for field data collection. The 

question in a questionnaire consisted of general information of the farmer, agricultural land 
use status, driving forces of agricultural land use changed, impacts of agricultural land use 
changed.  In addition, the GIS database was used to determine the changed areas from rice 
paddy to Para rubber plantation. Then, those changed areas were randomly selected across all 
districts of Bueng Kan as the locations for field interview.  

4.3.1  Sample size determination 
The larger sample size can ensure and reflect truly answers of the total of populations; 

however, too large samples use more time, resources and money, on the other hands, too small 
samples lead to inaccurate result. There are various statistical formulas and techniques; however, a 
common-use formula for the sample size calculator, using modified Cochran’s Formula (Stephanie, 
2018) can be applied for this study (CRS, 2018; Raosoft, 2018; SurveyMonkey, 2018). 
 

 

Where:  
e is the desired level of precision (i.e. the margin of error),  
p is the (estimated) proportion of the population which has the attribute in question,  

n0 is Cochran’s sample size recommendation,  

 We don’t have much information on the subject to begin with, so we assume that half of the 
total households give us maximum variability.  So proportion of the population which has the attribute 
in question (p) = 0.5.  Now let’s say we want 95% confidence, and at least 5 percent—plus or 
minus—precision. A 95 % confidence level gives us Z values of 1.96, per the normal tables, so we get 

    ((1.96)2 (0.5) (0.5)) / (0.05)2 = 385 

 So a random sample of 385 households in our target population should be enough to give us 
the confidence levels we need. 

We had received much information of household income records from Local Statistic Office 
and Agricultural Development Plan of Bueng Kan Province during 2000-2010 from Office of 
Agriculture of this province. 
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Table 25    The Thai survey team members with roles and responsibility  

Location 
(district’s name) 

Questionnaires allocation 
of sample size 

Survey Team ( name/ position) 

Mueang Bueng Kan 114 1. Mrs. Nathamon Phongphaew  : Policy and 
Plan Analyst 

2. Mr. Totsanat Rattanakaew : Agricultural 
Research Officer 

Si Wilai 39 3. Ms. Usuma Chalaewan : Soil Surveyor 

Phon Charoen 57 1. Miss Kanchorn Boonyawatthana : 
Agricultural Research Officer 

So Phisai 63 2. Mr.Anusorn Suppasri  : Economist 

Pak Khat 35 3. Mr. Chatchai Boonmee : Agricultural 
Research Officer 

4. Ms. Junjira Ongart : Agricultural 
Research Officer 

Seka 45 1. Ms. Amonrat Sapet : Agricultural 
Researcher Officer 

Bueng Khong Long 20 2. Ms. Phatsalunporn Luangraluk : 
Agricultural Research Officer 

Bung Khla 12  

Total Questionnaires 385  

Remark 

All staff have a responsibility to: site survey, conduct interview, data analysis, focus group discussion 
meeting set up, and write a report.  

The Thai National Mekong Committee (TNMC) has a responsibility as a project coordinator to 
control and check the project performance. 

 

4.3.2  Field survey and interview  

4.3.2.1 Questionnaire.  

This project was used a questionnaire (see annex 1) for field data collection. The 

question in the questionnaire consisted of general Information, agricultural land use, driving 

forces of agricultural land use change, impacts of agricultural land use change. The GIS 

database was used to determine the changed area from rice paddy to Para rubber plantation. 

After that, the land use changed area was used to determine the location for field interview. 

Field interview performed cover all sub-districts (Tambon) of the province with totally 385 samples.  

The field data collection was conducted in July 2018 by LDD officers. 
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The questionnaire was designed to capture the field data based on the MRC format. 

The information was obtained by the target group of local people which reflected the impacts 

of land use change on the livelihood of the people as well as the impacts of land use on the 

environment. The sample size was calculated using modified Cochran’s Formula (Stephanie, 2018). 

There were 385 households (samples). The LULC changed maps was used to determine  

the sampling locations across 8 districts of Bueng Kan provinces were selected to be 

interviewed as shown in the table XX. The selected target households were based on their 

trend of land use for agriculture purposes. Apart from that data from the interview, the 

geospatial data was also collected by using the GPS in order to use for site specific reference 

for reclassification of the land use. The question in the questionnaire consisted of general 

Information, agricultural land use, driving forces of agricultural land use change, impacts of 

agricultural land use change. 

4.3.2.1 Mobile Application 

Mobile application; define as the application tool for data collection was developed to 
use for Android and can use this mobile application on the laptop/PC by using it with the 
“Android Emulator”. This to help national working group for the data collection, data 
analysis, and monitoring of the causes and impacts of land use changes and completion of the 
national report. (Paiboonvorachat, 2018) 

By each user/interviewer can download the APK file in the following link to install 
the application in Android mobile phone. 

MRC assigned the Web admin (at national level) as a leader/supervisor will be able to 
check the filled in information from the field surveyors, review the data and report (summary 
in graphs) of each country. 

By the MRC gave usernames and passwords for national team leaders, who can 
access this function. 

4.3.3  Focus Group Discussion 
 There are 3 objectives of  the focus group discussion; such as, identify driving forces 

of agricultural land use change, analyze the impacts of land use change on local people’s 
livelihood, determine potential adaptation measures for the farmers and policy suggestions 
for the government. (Paiboonvorachat, 2018) 

 In this study, the focus group discussion is another tool to help the national experts to 
more understand of the situation and circumstance in their pilot study areas. Focus group 
discussion will allow the experts to understand things in deeper level than the surveys. It can 
better expose information that you would like to know in more details and deep insight, forming a 
comfortable environment that would allow participants to considerately response to questions in 
their own ways. In general, the focus group discussion was organized recruited participants 
around 5 to 10 people per group. The meeting was organized at ease environment and condition, 
regularly in circle seating, and able to be tape-recorded. The moderator plays an important role. 
The analysis and report from the group discussion would be systematic, supportable, and proper 
reporting. This section had provided guidelines for the arrangement of the focus group discussion 
was supported information for national working group.  (Paiboonvorachat, 2018) 
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4.3.3.1 Team Composition 
All staff have a responsibility to: site survey, conduct interview, data analysis, focus group 

discussion meeting set up, and write a report.  

The Thai National Mekong Committee (TNMC) has a responsibility as a project coordinator to 
control and check the project performance. 

 (1) National focal point  
- Mr. Thaninthorn Mangkhalakheeree.  Foreign Relations Officer,TNMC 
- Dr. Winai Wangpimool,  Foreign Relations Officer,TNMC 

 (2) The national working group 
The national working group will consist of four to five members as bellows: 

-  Mrs. Nathamon Phongphaew , Policy and Plan Analyst worked as the supervisor.  

-  Miss Kanchorn Boonyawatthana : Agricultural Research Officer, 
 Miss. Amonrat Sapet : Agricultural Researcher Officer 
 Dr. Totsanat Rattanakaew : Agricultural Research Officer   

worked as   technicians on agricultural land use/land cover change mapping 
-  Miss Phakapha Sornjarassuwan was the researcher on socio-economic aspect of rural 

development. 

(3) Participants of Group Discussion   
The participants in the focus group discussion as following;  

-The focus group discussion team on the case study (national consultants), a person 
responsible for logistics of the meeting;  

- Representative of National Mekong Committee ;  
- Farmers from each district of Bueng Kan province total 20 people (Table 20).  

- Experts on agriculture and rural development at district level;  

The Thai working group had setting up a meeting and chooses farmers around 10 percent of 
household that had been gotten an interview in each district. Representatives of each household which 
has been changing from rice growing to Para rubber plantation and has been interviewed were invited. 
For the methods were used for conducting field data collection/interview, has details as table 20  
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Table  26  The focus group discussion 

Location Farmers from each district 
(people) 

   
Mueang Bueng Kan 10 

Phon Charoen 4 

So Phisai 1 

Seka - 

Pak Khat 2 

Bueng Khong Long - 

Si Wilai 2 

Bung Khla 1 

Total  20 

 

5. Result of the Study 

5.1 Agricultural Land Use Changes 
Agricultural land use change anaylysis was used land use maps from LDD database to 

analyze because the LULC maps from the database of MRC did not give the details in 
specific crops. There were three available LU maps during the study period: 2006 and 2010 
and 2015. Therefore, according to LDD database, with the total area 397,590 ha of Bueng Kan,  
in 2006 land utilization can be classified to 7 major types; for example, crop, paddy rice, perennial 
plantation, urban area, bare soil, natural & semi-natural vegetated area, and aquaculture & 
natural water bodies (Table 27 and Fig. 21). The details are following;   
 1. Crop covered totally 18,834 ha or 4.74 percent of provincial total area. Crop is 
including maize, cassava, pineapple, and other annual crop.  
 2. Rice paddy field covered totally 160,792 ha  or  40.40  percent of provincial total 
area.  Rice paddy field was the most land use type in Bueng Kan and it was scattered in all 
districts.  
 3. Perennial Plantation covered totally 119,384 ha or 29.99 percent of provincial 
total area. It is including some trees and industrial plantation; for example, Para rubber 
mango, orange, banana, rambutan, longan, tamarind, etc.  
 4. Urban area; for example, village, Road, and Industrial land covered totally 11,993 
ha or 3.01 percent of provincial total area, and was scattered in all district. 
 5. Bare soil covered totally 79 ha or 0.02 percent of provincial total area. 
 6. Natural & Semi-natural vegetated area; for example, grassland, shrubland, 
broadleaved deciduous forest, etc. It covered totally 66,967 ha or 16.82 percent of provincial 
total area. 
 7. Aquaculture & natural water bodies; for example, aquaculture and water body covered 
totally 19,977 ha or 5.02 percent of provincial total area, and was mostly found in all districts.  
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Table 27   Land use of Bueng Kan province in 2006 

Land use/Land cover type Area 
Hectare (s) percentage 

Crop             18,834                4.74  
Cassava               5,435                1.37  
Maize               1,334                0.34  
Pineapple                  499                0.13  
Other annual crop             11,122                2.79  
Paddy Rice           160,792              40.40  
Paddy Rice           160,792              40.40  
Perennial Plantation           119,384              29.99  
Coconut                      1                    -    
Longan                    26                0.01  
Mango                    39                0.01  
Orange                      5                    -    
Rambutan                    11                    -    
Tamarind                      1                    -    
Other orchard               1,671                0.42  
Eucalyptus             10,089                2.53  
Oil Palm                    82                0.02  
Para- rubber           101,769              25.57  
Sugarcane               1,060                0.27  
Teak                  415                0.10  
Other industrial plantation               4,215                1.06  
Urban Area             11,993                3.01  
Urban Area             11,993                3.01  
Bare Soil                    79                0.02  
Bare Soil                    79                0.02  
Natural & Semi-natural vegetated 
area             66,967              16.82  
Grassland                  215                0.05  
Shrubland             20,588                5.17  
Broadleaved Deciduous Forest             35,239                8.85  
Bamboo Forest                      1                    -    
Marsh/Swamp Area             10,924                2.75  
Aquaculture & natural water 
bodies             19,977                5.02  
Aquaculture                  189                0.05  
Water Body             19,788                4.97  

Total           398,026            100.00  

Source : Modified from land use database 2006 of LDD  
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Fig. 21    Land use of Bueng Kan Province in 2006  
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 In 2010 land utilization can be classified to 7 major types; for example, crop, paddy 
rice, perennial plantation, urban area, bare soil, natural & semi-natural vegetated area, and 
aquaculture & natural water bodies (Table 28 and Fig. 22). The details are following;   
 1. Crop covered totally 2,526 ha or 0.64 percent of provincial total area. Crop is 
including maize, cassava, pineapple, and other annual crop.  
 2. Rice paddy field covered totally 124,949 ha or 31.39 percent of provincial total 
area.  Rice paddy field was the second most land use type in Bueng Kan and it was scattered 
in all districts.  
 3. Perennial Plantation covered totally 176,753 ha or 44.41 percent of provincial total 
area. It is including some trees and industrial plantation; for example, Para rubber mango, 
orange, banana, rambutan, longan, tamarind, etc. It is found that perennial Plantation in 2010 
was increased; especially, Para rubber and it was the most land use type in Bueng Kan. 
 4. Urban area; for example, village, Road, and Industrial land covered totally 16,538 
ha or  4.16 percent of provincial total area, and was scattered in all district. 
 5. Bare soil covered totally 93 ha or 0.02 percent of provincial total area. 
 6. Natural & Semi-natural vegetated area; for example, grassland, shrubland, 
broadleaved deciduous forest, etc. It covered totally 53,993 ha or 13.56 percent of provincial 
total area. 
 7. Aquaculture & natural water bodies; for example, aquaculture and water body 
covered totally 23,174 ha or 5.82 percent of provincial total area, and was mostly found in all 
districts. 
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Table 28  Land Use of Bueng Kan Province in 2010 

Land use/Land cover type Area 
hectare (s) percentage 

Crop           2,526                   0.64  
Cassava             784                   0.20  
Maize             129                   0.03  
Pineapple               26                   0.01  
Tomato               80                   0.02  
Other annual crop           1,507                   0.38  
Paddy Rice        124,949                 31.39  
Paddy Rice        124,949                 31.39  
Perennial Plantation        176,753                 44.41  
Banana                 3                      -    
Coconut                 1                      -    
Litchi                 7                      -    
Longan               49                   0.01  
Mango               50                   0.01  
Rambutan               28                   0.01  
Tamarind                 8                      -    
Other orchard             387                   0.10  
Eucalyptus         18,161                   4.56  
Oil Palm           2,292                   0.58  
Para- rubber        155,181                 38.99  
Sugarcane             379                   0.10  
Teak             133                   0.03  
Other industrial plantation               74                   0.02  
Urban Area         16,538                   4.16  
Urban Area         16,538                   4.16  
Bare Soil               93                   0.02  
Bare Soil               93                   0.02  
Natural&Semi-natural vegetated 
area         53,993                 13.56  
Grassland           4,413                   1.11  
Shrubland         19,491                   4.90  
Broadleaved Deciduous Forest         24,771                   6.22  
Bamboo Forest             281                   0.07  
Marsh/Swamp Area           5,037                   1.26  
Aquaculture&natural water 
bodies         23,174                   5.82  
Aquaculture             204                   0.05  
Water Body         22,970                   5.77  
Grand Total       398,026               100.00  
 
Source : Modified from land use database 2010 of LDD 
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Fig. 22        Land Use of Bueng Kan Province in 2010 
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 In 2015 land utilization can be classified to 7 major types; for example, crop, paddy 
rice, perennial plantation, urban area, bare soil, natural&semi-natural vegetated area, and 
aquaculture&natural water bodies (Table 29 and Fig. 23). The details are following;   

 1. Crop covered totally 1,814 ha or 0.46 percent of provincial total area. Crop is 
including maize, cassava, pineapple, and another annual crop.  

 2. Rice paddy field covered totally 108,285 ha or 27.21 percent of provincial total 
area.  Rice paddy field was the second most land use type in Bueng Kan and it was scattered 
in all districts.  

 3. Perennial Plantation covered totally 200,730 ha or 50.42 percent of provincial total 
area. It is including some trees and industrial plantation; for example, Para rubber mango, 
orange, banana, rambutan, longan, tamarind, etc. It is found that perennial Plantation in 2010 
was increased; especially, Para rubber and it was the most land use type in Bueng Kan 

 4. Urban area; for example, village, Road, and Industrial land covered totally 16,780 
ha or 4.22 percent of provincial total area and was scattered in all district. 

 5. Bare soil covered totally 121 ha or 0.03 percent of provincial total area. 

 6. Natural&Semi-natural vegetated area; for example, grassland, shrubland, broadleaved 
deciduous forest, etc. It covered totally 23,223 ha or 5.83 percent of provincial total area. 

 7. Aquaculture&natural water bodies; for example, aquaculture and water body 
covered totally 23,223 ha or 5.83 percent of provincial total area, and was mostly found in all 
districts. 
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Table 29    Land Use of Bueng Kan Province in 2015 

Land use/Land cover type Area 
Hectare percentage 

Crop           1,814             0.46  
Cassava             782              0.20  
Maize               95              0.02  
Pineapple               30              0.01  
Tomato               38              0.01  
Other annual crop             869              0.22  
Paddy Rice       108,285            27.21  
Paddy Rice        108,285            27.21  
Perennial Plantation        200,730            50.42  
Banana                 3                      -    
Coconut                 1                      -    
Longan               54              0.01  
Mango               35              0.01  
Rambutan               19                -    
Tamarind 4                      -    
Other orchard             325              0.08  
Eucalyptus         18,161                   4.56  
Oil Palm           4,703              1.18  
Para- rubber        179,172            45.02  
Sugarcane             256              0.06  
Teak             134              0.03  
Other industrial plantation               26              0.01  
Urban Area         16,780             4.22  
Urban Area         16,780              4.22  
Bare Soil             121             0.03  
Bare Soil             121              0.03  
Natural&Semi-natural vegetated 
area         47,073            11.83  
Grassland           2,849              0.72  
Shrubland         15,782              3.97  
Broadleaved Deciduous Forest         23,968              6.02  
Bamboo Forest             248              0.06  
Marsh/Swamp Area           4,226              1.06  
Aquaculture&natural water 
bodies         23,223             5.83  
Aquaculture             215              0.05  
Water Body         23,008              5.78  
Grand Total       398,026          100.00  
 
Source : Modified from land use database 2015 of LDD 
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 Fig. 23    Land Use of Bueng Kan in 2015    
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 Land use/Land cover change detection analysis is analyzed by using the LULC maps  
of the year 2006 to overlay on LULC maps of the year 2010 and 2015. Thus, the spatial 
change can be identified results of the analysis are following;  

5.1.1 The LULC change between 2006 and 2010 

The LULC change between 2006 and 2010 is show in table 30 and Fig. 24. From the 
total area of Bueng Kan 398,026 hectare, there is no change area 285,555 hectare or 71.74 
percent of the provincial area and there is change area 112,471 hectare or 28.29 percent of the 
provincial area. There are 5 major types of LULC in 2006 have been changed to other LULC 
major types in 2010. The details are following; 

1) Crop land: there are 17,618 ha or 4.43 percent of the total provincial area is 
identified as the areas of crop land have been changed to other LULC between 2006 and 
2010. Crop land in 2006 mostly have been changed to perennial plantation with 13,737 ha or 
3.45 percent of the total provincial area; especially, Para- rubber. 

2) Paddy Rice: there are 52,494 ha or 13.18 percent of the total provincial area is 
identified as the areas of paddy rice have been changed to other LULC between 2006 and 
2010. Paddy Rice in 2006 mostly have been changed to perennial plantation with 45,473 ha 
or 11.42 percent of the total provincial area; especially, Para- rubber 

3) Perennial Plantation: there are 18,359 ha or 4.61 percent of the total provincial area 
is identified as the areas of perennial plantation have been changed to other LULC between 
2006 and 2010. Perennial plantation in 2006 mostly have been changed to paddy rice with 
9,273 ha or 2.33 percent of the total provincial area and Natural&Semi-natural vegetated area 
with 6,373 ha or 1.60 percent of the total provincial area 

4) Bare Soil: there are 79 ha or 4.61 percent of the total provincial area is identified as 
the areas of bare soil have been changed to other LULC between 2006 and 2010. Bare soil in 
2006 mostly have been changed to perennial plantation with 52 ha or 0.01 percent of the total 
provincial area and Natural&Semi-natural vegetated area with 26 ha or 0.01 percent of the 
total provincial area 

5) Natural&Semi-natural vegetated area: there are 23,921 ha or 6.02 percent of the total 
provincial area is identified as the area of Natural&Semi-natural vegetated areas have been 
changed to other LULC between 2006 and 2010. Natural&Semi-natural vegetated area in 
2006 mostly have been changed to perennial plantation with 16,456 ha or 4.14 percent of the total 
provincial area and Paddy Rice with 4,628 ha or 6.02 percent of the total provincial area 
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Table 30   Land Use/Land Cover Change of Bueng Kan Provine between 2006 and 2010 

Land use/Land cover type Area 
Hectare percentage 

No change 285,555 71.74 
Crop 17,618 4.43 

to Paddy Rice            2,749                  0.69  
to Perennial Plantation          13,737                  3.45  
to Urban Area               302                  0.08  
to Natural&Semi-natural vegetated area               738                  0.19  
to Aquaculture&natural water bodies                 92                  0.02  

Paddy Rice 52,494 13.18 
to Crop               735                  0.18  
to Perennial Plantation          45,473                 11.42  
to Urban Area            1,657                  0.42  
to Bare Soil                 17                      -    
to Natural&Semi-natural vegetated area            3,795                  0.95  
to Aquaculture&natural water bodies               817                  0.21  

Perennial Plantation 18,359 4.61 
to Crop               391                  0.10  
to Paddy Rice            9,273                  2.33  
to Urban Area            1,525                  0.38  
to Bare Soil                 53                  0.01  
to Natural&Semi-natural vegetated area            6,373                  1.60  
to Aquaculture&natural water bodies               744                  0.19  

Bare Soil 79 0.02 
to Perennial Plantation                 52                  0.01  
to Natural&Semi-natural vegetated area                 26                  0.01  
to Aquaculture&natural water bodies                   1                      -    

Natural&Semi-natural vegetated area 23,921 6.02 
to Crop               184  0.05                  
to Paddy Rice            4,628                  1.16  
to Perennial Plantation          16,456                  4.14  
to Urban Area            1,059                  0.27  
to Bare Soil                 23                  0.01  
to Aquaculture&natural water bodies            1,557                  0.39  
to Paddy Rice                   1                      -    
to Perennial Plantation                 10                      -    
to Urban Area                   2                      -    
to Natural&Semi-natural vegetated area                   1                      -    

Total 398,026 100.00 

Source : Land use database 2018 of LDD
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 Fig. 24    Land Use Change of Bueng Kan between 2006 and 2010 
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5.1.2 Land use/Land Cover Change Between 2010 and 2015 

The LULC change between 2010 and 2015 is show in table 31 and Fig. 25. From the 
total area of Bueng Kan 398,026 hectare, there is no change area 372,228 hectare or 93.52 
percent of the provincial area and there is change area 25,798 hectare or 6.48 percent of the 
provincial area. There are 6 major types of LULC in 2010 have been changed to other LULC 
major types in 2015. The details are following; 

1) Crop land: there are 17,844 ha or 4.48 percent of the total provincial area is 
identified as the area of crop lands have been changed to other LULC between 2010 and 
2015. Crop land in 2015 mostly have been changed to Aquaculture&natural water bodies 
with 16,721 ha or 4.20 percent of the total provincial area. 

2) Paddy Rice: there are 477 ha or 0.13 percent of the total provincial area is identified 
as the area of paddy rice have been changed to other LULC between 2010 and 2015.  Paddy 
Rice in 2015 mostly have been changed to urban area with 223 ha or 0.06 percent of the total 
provincial area and natural&semi-natural vegetated area with 120 ha or 0.03 percent of the 
total provincial area 

3) Perennial Plantation: there are 656 ha or 0.16 percent of the total provincial area is 
identified as the area of perennial plantation have been changed to other LULC between 2010 
and 2015. Perennial plantation in 2015 mostly have been changed to aquaculture&natural 
water bodies 440 ha or 0.11 percent of the total provincial area. 

4) Bare Soil: there are 6,756 ha or 1.7 percent of the total provincial area is identified as 
the areas of bare soil have been changed to other LULC between 2010 and 2015. Bare soil in 
2015 mostly have been changed to perennial plantation with 6,606 ha or 1.66 percent of the 
total provincial area. 

5) Natural&Semi-natural vegetated area: there are 23,921 ha or 6.02 percent of the total 
provincial area is identified as the area of Natural&Semi-natural vegetated areas have been 
changed to other LULC between 2010 and 2015. Natural&Semi-natural vegetated area in 
2015 mostly have been changed to perennial plantation with 16,456  or  4.14 percent of the 
total provincial area and Paddy Rice with 4,628  or  6.02 percent of the total provincial area 

6) Aquaculture&natural water bodies: there are 17,830 ha or 4.48 percent of the total 
provincial area is identified as the area of aquaculture&natural water bodies have been 
changed to other LULC between 2010 and 2015. Aquaculture&natural water bodies in 2015 
mostly have been changed to Natural&Semi-natural vegetated area with 16,721 ha or 4.20 
percent of the total provincial area. 
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Table 31    Land Use/Land Cover Change of Bueng Kan Province between 2010 and 2015 

Land use/Land cover type Area 
Hectare percentage 

No change 372,228 93.52 
Crop 17,844 4.48 

to Paddy Rice            14                 -    
to Perennial Plantation          911              0.23  
to Urban Area          100              0.03  
to Natural&Semi-natural vegetated area            98              0.02  
to Aquaculture&natural water bodies     16,721              4.20  

Paddy Rice 477 0.13 
to Crop            77              0.02  
to Perennial Plantation            10                 -    
to Urban Area          223              0.06  
to Bare Soil            21              0.01  
to Natural&Semi-natural vegetated area          120              0.03  
to Aquaculture&natural water bodies            26              0.01  

Perennial Plantation 656 0.16 
to Crop            35              0.01  
to Paddy Rice            81              0.02  
to Urban Area              3                 -    
to Bare Soil              2                 -    
to Natural&Semi-natural vegetated area            95              0.02  
to Aquaculture&natural water bodies          440              0.11  

Bare Soil 6,756 1.7 
to Perennial Plantation       6,606              1.66  
to Natural&Semi-natural vegetated area          130              0.03  
to Aquaculture&natural water bodies            20              0.01  

Natural&Semi-natural vegetated area 372307 93.53 
to Crop            45              0.01  
to Paddy Rice              6                 -    
to Perennial Plantation              2                 -    
to Urban Area            12                 -    
to Bare Soil    372,228            93.52  
to Aquaculture & natural water bodies            14                 -    

Aquaculture & natural water bodies 17,830 4.48 
to Paddy Rice          911              0.23  
to Perennial Plantation          100              0.03  
to Urban Area            98              0.02  
to Natural&Semi-natural vegetated area     16,721              4.20  

Total       398,026             100.00  
Source : Analysis from land use database 2010 and 2015 of LDD 
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Fig. 25     Land Use Change of Bueng Kan between 2010 and 2015 
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5.1.3  Land use/Land Cover Change Between 2006 and 2015 

The LULC change between 2006 and 2015 is show in table 32 and Fig. 26. From 
the total area of  Bueng Kan 398,026 hectare, there is no change area 285,555 hectare or 
67.64 percent of the provincial area and there is change area 128,801 hectare or 32.36 percent 
of the provincial area. There are 6 major types of LULC in 2006 have been changed to other 
LULC major types in 2015. The details are following; 

1) Crop land: there are 18,105 ha or 4.55 percent of the total provincial area is 
identified as the areas of crop land have been changed to other LULC between 2006 and 
2015. Crop land in 2015 mostly have been changed to Perennial Plantation with 14,602 ha or 
3.67 percent of the total provincial area. 

2) Paddy Rice: there are 66,787 ha or 16.78 percent of the total provincial area 
is identified as the areas of paddy rice have been changed to other LULC between 2006 and 
2015.  Paddy Rice in 2015 mostly have been changed to Perennial Plantation with 60,546 ha 
or 15.21 percent of the total provincial area and natural & semi-natural vegetated area with 
3,080 ha or 0.77 percent of the total provincial area 

3) Perennial Plantation: there are 15,238 ha or 3.83 percent of the total 
provincial areas are identified as the areas of perennial plantation have been changed to other 
LULC between 2006 and 2015. Perennial plantation in 2015 mostly have been changed to 
Paddy Rice 7,611 ha or 1.91 percent of the total provincial area and Natural & Semi-natural 
vegetated area 4,896   ha or 1.23 percent of the total provincial area. 

4) Bare Soil: there are 79 ha or 0.02 percent of the total provincial area is 
identified as the area of bare soil have been changed to other LULC between 2006 and 2015. 
Bare soil in 2015 mostly have been changed to perennial plantation with 52 ha or 0.01 
percent of the total provincial area. 

5) Natural & Semi-natural vegetated area: there are 28,566 ha or 7.18 percent of 
the total provincial area is identified as the area of Natural & Semi-natural vegetated area 
have been changed to other LULC between 2006 and 2015. Natural & Semi-natural vegetated 
area in 2015 mostly have been changed to perennial plantation with 21,373 ha or 5.37 percent 
of the total provincial area and Paddy Rice with 4,228 or 1.06 percent of the total provincial 
area 

6) Aquaculture & natural water bodies: there are 26 ha of aquaculture & natural 
water bodies is identified as the area of Aquaculture & natural water bodies have been 
changed to other LULC between 2006 and 2015.  
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Table 32    Land Use/Land Cover Change of Bueng Kan Province between 2006 and 2015 

Land use/Land cover type Area 
Hectare percentage 

No change 269,225 67.64 
Crop 18,105 4.55 

to Paddy Rice 2,433              0.61  
to Perennial Plantation 14,602              3.67  
to Urban Area 312              0.08  
to Natural&Semi-natural vegetated area 665              0.17  
to Aquaculture&natural water bodies 93              0.02  

Paddy Rice 66,787 16.78 
to Crop 565              0.14  
to Perennial Plantation 60,546            15.21  
to Urban Area 1,741              0.44  
to Bare Soil 26              0.01  
to Natural&Semi-natural vegetated area 3,080              0.77  
to Aquaculture&natural water bodies 829              0.21  

Perennial Plantation 15,238 3.83 
to Crop 343              0.09  
to Paddy Rice 7,611              1.91  
to Urban Area 1,581              0.40  
to Bare Soil 59              0.01  
to Natural&Semi-natural vegetated area 4,896              1.23  
to Aquaculture&natural water bodies 748              0.19  

Bare Soil 79 0.02 
to Perennial Plantation 52              0.01  
to Natural&Semi-natural vegetated area 26              0.01  
to Aquaculture&natural water bodies 1                 -    

Natural&Semi-natural vegetated area 28,566 7.18 

to Crop 177              0.05  
to Paddy Rice 4,228              1.06  
to Perennial Plantation 21,373              5.37  
to Urban Area 1,151              0.29  
to Bare Soil 36              0.01  
to Aquaculture&natural water bodies 1,601              0.40  

Aquaculture&natural water bodies 26 - 
to Paddy Rice 7                 -    
to Perennial Plantation 12                 -    
to Urban Area 2                 -    
to Natural&Semi-natural vegetated area 5                 -    

Total       398,026             100.00  

Source : Analysis from land use database 2006 and 2015 of LDD 
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Fig. 26        Land Use Change of Bueng Kan between 2006 and 2015 
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5.1.4 Para rubber plantation and Paddy Rice 

 From LULC change detection analysis of Bueng Kan  by using LU maps of Ldd, 
between year 2006, 2010 and 2015, it is found that perennial plantation has been dramatically 
increased. In 2006, there was 29.29 percent of the provincial area, and it dramatically 
increased to 50.42 percent of the provincial area in 2010 and it still increased in 2015.  The 
increasing of perennial plantation mostly was Para- rubber.  On the other hand, it is found 
that Paddy Rice area has been dramatically decreased. It decreased 40.40 percent of the 
provincial area. In addition, it is found that Paddy Rice area in 2006 mostly has been changed to 
Para rubber Plantation in 2010. Found that the area of rice fields in 2006 changed to the Para 
rubber Plantation 38,644 hectares area in 2010. Furthermore, Bung Kan District is the most changed 
of Paddy Rice to Para rubber with 12,717 hectare or 32.91 of the total area of Paddy Rice that 
changed to Para rubber Plantation. Follow by So Phisai and Phon Chareon respectively (table 33 and 
Fig. 27). 

Table  33    Para rubber Plantation area in 2010 change from paddy rice area in 2006 

District  
Area 

 Hectare   Percentage  

Bung Kan District    12,717            32.91  

Bung Khlong Long District      1,856              4.80  

Bungkha District      1,340              3.47  

Pak Khat District      3,719              9.62  

Phon Chareon District      5,151            13.33  

Seka District      3,832              9.92  

Si Wilai District      4,279            11.07  

So Phisai District      5,750            14.88  

Total    38,644          100.00  
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Fig. 27  Para Rubber Plantation Area in 2010 Changed from Paddy Rice in 2006 
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From 2010 to 2015, paddy rice area still continuously changes to Para rubber plantation with 
13,498 hectares. In addition, it is found that  Bung Kan District was the most area that paddy 
rice change to Para rubber plantation area with 2,829 hectare or 20.96 of the total paddy rice 
area that change to Para rubber plantation follow by Phon Chareon and So Phisai respectively 
(Table 34 and Fig. 28). 

Table 34 Para rubber Plantation area in 2015 change from Paddy rice area in 2010 

District  Area 

 Hectare   Percentage  

Bung Kan        2,829             20.96  

Bung Khlong Long           799               5.91  

Bungkha           427               3.16  

Pak Khat        1,074               7.95  

Phon Chareon        2,415             17.90  

Seka        2,917             21.62  

Si Wilai        1,161               8.60  

So Phisai        1,876             13.90  

Total     13,498           100.00  

From 2006 to 2015, paddy rice area was dramatically changed to Para rubber Plantation. 
There was 51,958 hectare of paddy rice changed to Para rubber Plantation. Bung Kan District is 
the most change with 15,445 hectare or 29.72 percent follow by So Phisai and Phon Chareon with 
16.28 and 14.96 percent (Table 35 and Fig. 29). 

Table 35  Para rubber plantation area in 2015 change from paddy rice area in 2006 

District  Area 

 Hectare   Percentage  

Bung Kan          15,445               29.72  

Bung Khlong Long            2,706                 5.21  

Bungkha            1,594                 3.07  

Pak Khat            4,680                 9.01  

Phon Chareon            7,775               14.96  

Seka            6,068               11.68  

Si Wilai            5,233               10.07  

So Phisai            8,457               16.28  

Total         51,958             100.00  
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 Fig. 28  Para Rubber Plantation Area in 2015 Changed from Paddy Rice in 2010 
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5.2 Case study 
The project “Piloting Agricultural Land Use Monitoring in Selected areas in MCs” of 

Thailand was conducted in Bueng Kan Province by using the GIS database analysis and field 
survey. The project was studied the land use changed impact on both people and environment in 
the study area. In this case, it was studied on the areas that changed from paddy field to Para 
rubber plantation. The GIS database was used to determine the changed area from rice paddy to 
Para rubber plantation. In addition, questionnaires were used to collect cover all sub-districts (Tambon)  
of the province. There were totally 354 questionnaires. The information in questionnaires including general 
information, agricultural land use, driving forces of agricultural land use change, impacts of agricultural 
land use change, and adaptation measures/activities. The details are following; 

1) Age of the respondents 
Age of the respondents who were participated in this project has shown in table 36. The 

result shows that most of the respondents are in the range of age between 50-59 year olds with 
31.36  percent of total respondents follow by  the range of age between 40-49 year olds, and age 
over 60 year olds with 30.79 and 27.68 percent of total respondents respectively. 

Table 36  Age of respondents 

Range of age Numbers Percent 

< 30 5 1.41 

30-39 31 8.76 

40-49 109 30.79 

50-59 111 31.36 

≥ 60 98 27.68 

Total 354 100 

 

2) Gender and Age of Household Headship 

The proportion of gender of head of households in the study area is shown in Fig. 30. It is 
found that head of households mostly are men: 86.2 percent and few are women: 13.8 percent. In 
addition, most of them have age over 60 years with 37.6 percent, and age between 50-59 year olds 
with 34.7 percent (Fig. 31).  
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Fig. 30 The proportion of gender of household head. 

 

Fig. 31  The proportion of age of household head. 

3) The status of respondents   

The result shows that most of the respondents of the interview are head of the family with 
64.7 percent of the total respondents. Furthermore, most of the respondents are in the range of age 
between 50-59 year olds with 31.4 percent of total respondents follow by the range of age 
between 40-49 year olds, and age over 60 year olds with 30.20 and 29.70 percent of total 
respondents respectively. The nationality of them is Thai. Most of them are Buddhists; the highest 
education is high school with 82.8 percent of the total respondent. The majority of household has 
2-4 people with 54.2 percent of the total respondent, and most of them hold their land 51-100 
years with 42.1 percent follow by hold their land 31-50 years with 37.0 percent (Fig 30-31) 
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Fig. 32 Status of the respondent with the head of household 

 

 

Fig. 33 Age of the respondents  

Educational status of respondents, who were participated in this project, has shown in 
table 37 and Fig 34. The result shows that most of the respondents are graduated just in 
elementary school with 31.36 percent of total respondents follow by the respondents graduated in 
High school and the respondents who cannot read and write with 19.21 and 8.19 percent of total 
respondents respectively. 
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Table 37 Educational status of respondents 

Education Numbers Percent 
Cannot read and write 29 8.19 

Elementary school 243 68.64 

High school 68 19.21 

Diploma 6 1.69 

Bachelor 7 1.98 

Over bachelor 1 0.29 

Total 354 100 

 

 
Fig. 34 Status of the respondent in the household Educational status 

 
4) Household members 

 Numbers of members in each household in this project are shown in Fig.35. The result shows 
that most of households member were have 2-4 people with 54.2 percent of the total samples.  
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Fig. 35 Number of members in household 

5) Land tenure 

Years of land tenure of the families who participated in this project is shown in table 38. 
The results show that the most of the families occupied the cultural land over 50 years with 53.95 
percent of the total samples. It is follow by the families occupied the cultural land between 30 and 
39 years and between 40 and 49 years with 16.95 percent of the total samples. Moreover, there are 
12.15 percent of the total samples occupied their land less than 30 years because they moved from 
other provinces. 

Table 38  Years of land tenure 

Years of land tenure Numbers Percent 

< 30 43 12.15 

30-39 60 16.95 

40-49 60 16.95 

> 50 191 53.95 

Total 354 100 

 

54.2%

39.9%

5.9%

 - 

 - 

 -  
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Fig. 36 Period of time of each family hold cultivation land 

 

6) Time of Land use change 
Time of Land use change from rice paddy to Para rubber plantation is shown in table 39.  

The result shows that the most of farmers in the study area changed rice cultivation to Para rubber 
plantation between 2003 and 2008 with 68.93 percent of the total samples, followed by changed 
after 2008 with 20.05 percent of the total samples. 

Table 39  Land use change from rice paddy to Para rubber plantation   

Year Numbers Percent 

Before 2003 39 11.02 

Between 2003 and 2008 244 68.93 

After 2008 71 20.05 

Total 354 100 

 
  

18.6%

37.0%

42.1%

2.3%

 -  

  -  

  -   
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7) Land holding   
According to this project is study on the impact of Land use changed from paddy rice to 

Para rubber plantation, so the question is including the information of rice cultivation in the past 
and present land use Para rubber plantation. The results show that, land holding data of each 
family that have been changed rice paddy to Para rubber plantation was shown in Fig 37, 
previously, most of them have been used land for paddy rice averaged 3.46 ha. However, 
currently, they have been used land for Para rubber plantation averaged 5.44 ha. The research of  
Petsri et al. (2013) shown the result that when farmer grow the rubber tree their farmland mainly 
from fertilizer and herbicide application, were relatively small. So, the negative impact of Land 
use changed from paddy rice to Para rubber plantation on environment side quite low. 

 

 

Fig. 37 Average land holding for cultivation per household 

The most of farmers have been used RD6 rice variety for rice cultivation with 72.3 percent 
and RRIM600 Para rubber variety for Para rubber plantation with 93.5 percent. The majority of 
the cultivation land is non-irrigated. The most of farmlands obtain by inheritance and have official 
documents on the land (Fig. 38-40). 

  

3.46 

5.44 

 -

 1.00

 2.00

 3.00

 4.00

 5.00

 6.00

Total area (ha) (Previous) Total area (ha) (Current)



 

87 
 

 

Fig. 38 Crop type/variety  (Paddy Rice) 

 

 

Fig. 39 Crop type/variety  (Para Rubber) 
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8) Irrigation 
Irrigation status in farm land of each family was shown in Fig.40. The results show that 

the majority of the area that changes from rice paddy to Para rubber plantation was non-irrigated 
area with 97.2 percent in previous time and 98.6 percent in current time. However, there were 
some irrigated area with 2.8 percent in previous cultivation and 1.4 percent in current cultivation. 

 

 

  Fig. 40  The proportion of farmland located in irrigated or non-irrigated areas. 
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Fig. 41 The proportion of farmland acquisition methods 

 

9) Land acquisition 

Land acquisition of farmers in the study area shows that the most of farmers obtained their 
land by inheritance. There were 80.2 percent of the total samples (Fig.41). In addition, there were 
15.9 percent of the total samples buy land and other proportion; got the land from government 
land allocation, rent, and clearing the land for crop cultivation. Most of farmer have an official 
documents on the land both previous time and current. 
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Fig. 42 Official documents on the land 
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10) Crops and varieties  
Rice and Para rubber varieties that cultivated in the study area were shown in table 39 and 40. 

In the past, most of farmers grown the glutinous rice type (Oryza sativa var. Glutinosa), such as, 
indigenous strain, RD4, RD 6, and RD 10. There was 1.39 percent cultivated normal rice (Oryza sativa): 
Jasmine 105. However, the most farmers were grown RD 6 follow by indigenous strain, and RD 4 with 
61.77, 17.73, and 7.48 percent of the total samples. For Para rubber, most of farmer cultivated the 
promoted strain by the government; such as, RRIM 600 and RRIT 251. However, the most 
popular stain was RRIM 600 follow by RRIT 251 with 95.76 and 3.95 percent of the total samples. 
There was a farmer or 0.29 percent of the total samples cultivated the other stain (Table 40-41).  

 

Table 40  Rice varieties 

Strain Numbers Percent 

Indigenous 64 17.73 

RD 4 27 7.48 

RD 6 223 61.77 

RD 10 12 3.32 

Jasmine  105 5 1.39 

Other 30 8.31 

Total 361 100 

Note Some of farmers grow the various varieties rice in their farm led the total numbers more than 
the total questionnaires.    
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Table 41   Para rubber varieties 

Para rubber Numbers Percent 

RRIM 600 339 95.76 

RRIT 251 14 3.95 

Other 1 0.29 

Total 354 100 
 

Previously, the most of farmers got an average rice yield 1.30 tons/ha. An average cost of rice 
production was 209.15 USD/ha. Currently, most of them get an average Para rubber yield 3.51 tons/ha 
and an average cost of Para rubber production is 818.02 USD/ha. Thus, the cost is increased around 
291.12 percent. From the past to present the most farmers sell their products at the local market.  
The majority of them use household workers for cultivation. There are 48.2 percent use household 
workers for rice cultivation and 56 percent use household workers for Para rubber cultivation. 
 

 

Fig. 43 Annual average yields and annual production cost 

11) Yield of Crops  
In this study, yields of rice before change to Para rubber and yields of Para rubber were 

collected by asking the respondents. The average yield of rice were  98.02 percent of total samples 
got an average yield lower than 4.16 ton per hectare  and  1.98 percent of total samples got an 
average yield higher than 4.16 ton per hectare. For Para rubber, there were  10.17 percent of total 
samples got an  average yield lower than 1.32 ton per hectare and  89.83 percent of total samples 
got an  average yield higher than 1.32 ton per hectare.    
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12) Labour 
The sources of labour in farm of each family were shown in table 42. The result show that 

the most of the samples worked by themselves. There were 53.39 percent of total samples. 
Furthermore, there were 40.11 percent of total samples hired and worked by themselves, and 6.50 
percent of total samples hired labor for crop production. 

 

 

 

Fig. 44 Sources of labors for previous crop (rice) and current crop (Para rubber) 
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Table 42  Source of labor for crop production 

Labour Numbers Percent 

Hire 23 6.50 

Family 189 53.39 

Hire and Family 142 40.11 

Total 354 100 

 

13) Secure employment and market 
The satisfactions of the secure employment and market after the farmers change from rice 

paddy to Para rubber were shown in table 43. The result shows that the most of farmers were 
satisfy. There were 88.98 percent of the total samples. In spite of the price of rubber was 
decreased. It is because most of farmer did not get income from rice production. Thus they had to 
move to other places to be a labor after rice harvesting. However, there were 11.02 percent of the 
total samples did not satisfy after the farmers change from rice paddy to Para rubber. 

Table 43 Secure employment and market 

Secure employment and market Numbers Percent 

Satisfy 315 88.98 

Non-satisfy 39 11.02 

Total 354 100 
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5.3 Driving forces of agricultural land use change 
 
In this study, there were 5 factors ; such as, economic, institution, location, environment, 

and socioculture  were the  driving force of land use change from paddy field to Para rubber. The 
details of each factor are following; 

5.3.1 Economic factor  
There were some characteristics of economic factor that were driving force of land use 

change from paddy field to Para rubber plantation; such as, the farmers wanted to get high benefit 
from Para rubber, rice production has high cost, they could get consistency income from Para 
rubber production (they could sell rubber almost every month), they got low income from rice 
production, and they got low rice yield. 

5.3.2 Institutional factor 
There were some characteristics of institutional factor that were driving force of land use 

change from paddy field to Para rubber. Some farmers changed land use type because of 
persuasion or supported from some institutee. For example, The Rubber Authority of Thailand 
(RAOT) supported the farmers in this area by training and provided some seedling. In addition, 
Land Development Department (LDD) and Ministry of Agriculture and Cooperatives (MOAC) 
supported the farmers by training or providing some input. Bank of Agriculture and Agricultural 
Cooperatives (BAAC) supported the farmers by provided loan and fertilizers. Administration 
Organization (SAO) supported the farmers by training. 

5.3.3 Location factor 
There were some characteristics of location factor that were the driving force of land use 

change from paddy field to Para rubber. For example, some farmers changed because of the 
existence of the factories nearby. Moreover, they changed because of convenience of 
transportation. Some farmers changed because of existence of village’s cooperatives, 
inconvenience of transportation, markets nearby, easy to sell their products to middle men in 
village, and their land is proper for Para rubber. 
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5.3.4 Environmental factor 
There were some characteristics of environmental factor that were the driving force of 

land use change from paddy field to Para rubber. For example, some farmers changed their land 
use because of drought. In addition, there were some farmers have changed their land use because 
of non-suitable land; such as, high land non-suitable for rice, flood, and infertile land. 
Furthermore, there some farmer change because Para rubber less pests than rice. 

5.3.5 Sociocultural factor 
There were some characteristics of sociocultural factor that were the driving force of land 

use change from paddy field to Para rubber. For example, some farmers changed because of 
persuasion of neighbor or they found that the neighbors could get high income when they 
cultivated Para rubber. Moreover, some farmers wanted to get higher income, some farmers were 
poor and insufficient expenditure,    some farmers wanted to move back to their hometown, some 
farmers changed because it is inheritance work, and some farmers changed because they had no 
inheritor rice cultivation. 

The factors that are the Driving forces of agricultural land use change can be classified  to 5 
aspects.  

1) Economic factor:   Most of the farmers agree that they change from rice cultivation to 
Para rubber plantation because of production cost, high benefit , export opportunity and reduce 
some production cost. They reveal that Para rubber plantation reduce the chemical fertilizer and 
herbicide 90 percent (Fig.45). 

 

Fig. 45  Economic factors impact on land use change decision 
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2) Institutional factor:  Most of the farmers agree that some government policy and 
projects affect them on the decision on land use change. There are 82.1 percent of farmers change 
because the government support and promote them; for example, provide some budget (Fig 46). 

 

Fig. 46  Institutional factor impact on land use change decision 

 

3) Location factor : Most of the farmers agree that more efficiency of transportation made 
them change from paddy rice to Para rubber plantation. There are 52.9 of farmers believe that the 
high efficiency of transportation bring them to new markets (Fig.47). 

 

Fig. 47  Location factor impact on land use change decision 
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4) Environmental factor: Most of the farmers agree that Environmental factor made them 
change from paddy rice to Para rubber plantation. There are 43.1 percent of farmers told that 
drought is a main problem (Fig.48). 

 

Fig. 48  Environmental factor impact on land use change decision 

5) Sociocultural factor: Most of the farmers agree that sociocultural factor made them 
change from paddy rice to Para rubber plantation; especially, changes in people’s lifestyles with 74.3 
percent of the farmers (Fig.49). 

 

Fig. 49  Sociocultural factor impact on land use change decision  
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5.4 Impacts of agricultural land use changes 

Chemical inputs utilization in the study area was shown in table 44. The result show that the 
most of farmers used chemical substances for rice and Para rubber production. There were 64.69 
percent of the samples using chemical substances such as herbicide and insecticide. There were 
35.31 percent of the samples did not use chemical substances for rice and Para rubber production. 
The amount of chemical fertilizer, number of times input chemical fertilizer, and the amount of 
organic fertilizer that farmers applied to their farmland were showed in Fig.50-52.  

 

Table 44  Chemical inputs utilization 

Chemical substance Numbers Percent 

Used 229 64.69 

None 125 35.31 

Total 354 100 

 

 

 

Fig. 50 The amount of chemical fertilizer (kg/ha/year) 
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Fig. 51 Number of times input chemical fertilizer (times/year) 

 

 

Fig. 52 The amount of Organic fertilizer (kg/ha/year) 
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The national working group got much information from field survey including general 
information, agricultural land use, driving forces of agricultural land use change, impacts of 
agricultural land use change. We have studied the impact of the country policy changing on land 
use change, socio-economic and livelihood of people in each districts of Bueng Kan by farmer 
interview.   

The working group got some information on positive impact of land use changed from 
paddy field to Para rubber plantation in each district of Bueng Kan province. We found that paddy 
field, rice release high GHGs. So, land use changed from paddy field to Para rubber plantation can 
reduce GHGs. Petsri et al. (2013) found that the environmental impacts of land use change from 
paddy to Para rubber can reduce the release of methane into the atmosphere. The management of 
rice paddy fields affects greenhouse gas emissions. Moreover, the Para rubber trees can reduce 
GHGs by absorbing the GHGs from atmosphere and stock in biomass of the rubber trees 
plantations. Moreover, the researcher found that the carbon stocks in rubber tree plantations were 
continuously increasing until the rubber trees reached an age of 22–25 years.  

5.5 Adaptation Measures/Practices 

The measurements for land utilization and land use change control as following; 
 Land utilization and land use change in Thailand, in the past, were quite not be seriously 
concerned. However, nowadays, Thai government perceives the problems related on improper 
land utilization and land use change. Therefore, some measurements that related on agricultural 
land utilization and change are making and implementing. Those measurements are including the 
aspect of policy and land management, marketing measurements, and environmental control. The 
details of each measurement which relate to this case study are following;   
1. Policy and land management measurements: in the past, most of Thai farmers were less 
concerning on land utilization and land use change. Usually, they cultivated crops not meet the 
potential of lands and non-circumspect changed the land use types.  For example, in this case, the 
farmers changed the paddy fields to Para rubber plantation without the potential of lands 
concerning. Therefore, some areas; for example, the low lands that suitable for rice, and some 
steep sloping lands that suitable to preserved for forest, the farmers changed them to Para rubber 
plantation areas. Currently, Thai government creates a measurement called “Zoning by Agri-
Map” to deal with improperly land utilization and land use change, mostly focus on agricultural 
land. This measurement is operated by the Ministry of Agriculture and Cooperatives. The 
conceptual framework of Zoning by Agri-Map is started with the suitability of land for each land 
use type is assessed. Then, study the present land use. The high or moderate-suitable areas of each 
crops are preserve promote and improve for sustainable land utilization. In addition, Thai 
government more interested and resume on the passing of Land Development Act (Act BE.2551). 
The Land Development Act will be used cooperate with the Zoning by Agri-Map. By using 
Zoning by Agri-Map and Land Development Act, the farmers who grow crops in the high and 
moderate suitable zones will be promoted and got some privileges; such as, material support, loan, 
and price insurance, etc. However, if the farmers grow crop on low suitability land; for example in 
this case, if farmers grow Para rubber the government promote them cut and grow new crops that 
more suitable for their lands and support them by pay compensation, new crops production 
training, marketing support, etc. 
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 2. Marketing measurements: the marketing measurement is one that Thai government and 
farmers should concern on for the direction of land utilization and land use change. Most of Thai 
farmers grow crops it is inherited work from the ancestors. In addition, they usually arbitrary 
decide to change crops depend upon the crops price from the previous season, neighbors’ 
persuasion, and see neighbors’ success in those crops production. They do not concern on product 
demand; consequently, usually the products are over supply, price decrease, and the farmers face 
with the loss in the production. Thai government tries to solve this problem by making some 
marketing measurements; for instance, production quota, product price assurance, etc.  

 3. Environmental control measurements: in this case, the farmers revealed that Para rubber 
plantation need less chemical substances when compare to rice production because of less pests 
and less weeds. Para rubber needs herbicide just at the early growth stage, but rice need 
herbicide and pesticide every growing season.  In addition, the agencies who involved in 
agricultural sector of Bueng Kan are more concern on environment impact of land use and land 
use change. They are carefully using agricultural chemical substances that can contaminate to 
water bodies; especially, Mekong river. Organic crops production and Good Agricultural 
Practice (GAP) are applied. In the focus group discussion of this project, some farmers told that 
they create buffer zone by grow some plants; for example, some grass species that can use to 
make bloom, shrubs and woods to absorb chemical substances that can contaminate to water 
before the water release to water bodies. 

 
5.6 Focus group discussion 

A focus group discussion was held after field survey and data analysis. The stakeholder 
who participated in the discussion consisted of national consultants, LDD team as a moderator, 
local government officers, farmer leaders, and farmers from the case study. The discussion topics 
was including an overview of the pilot area, agricultural land use changes, direction of change 
occurred in the community, the driving forces of change, impact of the change, and the suggestion 
to deal with the land use change  for sustainable land utilization. The details and results from the 
group discussion are following; 

- All participants agreed with the general information collected from the survey. It is 
correct that rice paddy was change to Para rubber during the past 10-20 years. Most of farmers 
obtained their land by inheritance. However, there were some farmers buy or rent land for 
farming. Rice yields in the changed area were low; in addition, most of the yields were consumed 
in family. Therefore, they received low income from rice sale.  For Para rubber yields, currently, 
farmers sell them to local markets and middlemen in the villages.  In the past, sources of labors 
for rice paddy and Para rubber were from family and hiring.  However; currently, although the 
sources of labors for Para rubber are still from family and hiring, farmers prefer to work 
themselves because low of RUBR price and they want to reduce cost. In addition, some families 
adapt themselves on hiring by sharing the products as wages to labors because of the labor 
shortage situation. Usually, they give 50 percents or more of the products to the labors in order to 
attract them for long time hiring. 
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- There are several main factors that are the driving forces of land use changed from rice 
paddy to Para rubber. For example, the land is highland and non-suitable for rice paddy but 
suitable for RUBR. In addition, at that time, the government had a champagne to promote RUBR 
in the area by provide both seedling and inputs. High price of RUBR, most of farmers need to 
elevate their income and social status, so they do not hesitate to change from rice paddy to Para 
rubber.    

- Impacts of agricultural land use changes from rice paddy to Para rubber occurred in 
many aspects. For instance, environmental Impact, it has been found that ecosystem and 
biodiversity is changed. When the land was used for rice paddy there were some animal such as 
fishes, crabs, and aquatic plants, but they disappeared when the land is used to RUBR. However, 
there are new kind of animal living in the area such as foxes, snakes, and reptiles. In addition, 
Para rubber use less herbicides and insecticides than rice paddy; especially, when RUBR mature, 
so it is useful for environment. For socio-economic impact, the farmers are more satisfy after they 
changed from rice paddy to Para rubber because they feel more stable from constantly incomes, 
the farmers harvest Para rubber almost every day for 9 to 12 months each year, when compare to 
rice paddy they can harvest just one time a year and some year they cannot get yield or get not 
enough yield for consumption.  

The participants suggest some methods to deal with the land use change in order to more 
sustainable land utilization and better life. Because of the low of Para rubber price, some 
participants adapt themselves by cooperate to make organic fertilizers to use in their farms. Using 
of homemade bio-extract that is liquid substantial instead acid, the farmers add it in the liquid 
RUBR to make crude RUBR. Not only the homemade bio-extract help to reduce production cost, 
but also it order less and environmental harmless.  Because some locations of the land changed 
from rice paddy to Para rubber are non-suitable for both rice paddy and RUBR. It is the edge of 
lowland and highland. The participants suggest that the farmers have to choose the other suitable 
crops for those locations such as banana or a kind of grass for make broom. In addition, this grass 
can prevent acid drain to water bodies. The farmers incidentally pour acid to the ground when the 
make crude RUBR. In addition, they can get more incomes from banana and grass. Most of 
farmers prefer to continue grow Para rubber although low price, but they request help from the 
government on Para rubber price. They need more stable price, and not lower than 25 baht per 
kilogram because it is a breakeven point.  Currently, the RUBR price is drooped to 14 baht per 
kilogram. Previously, in July and August during the field survey, the price of Para rubber 
remained at 18-20 baht per kilogram. 
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6. Lessons Learnt 
The results of this project show that there are some factors influences on the farmers’ decision 

on land use change. Land use change has both positive and negative impacts on socio-economic 
and environment. In addition, people and institutions in the study area learn to adapt themselves to 
the land use change. The details of all above are following; 

1) Factors influences on the farmers’ decision on land use change 
Before 2003, most of farmers in Bueng Kan cultivated rice as a major crop, and since 

2003, the paddy fields had been gradually changed to Para rubber plantation. In this case, there 
were many factors influences on the farmers’ decision; for example, crops price, government 
policy, institutions, land location, and socio-culture. Price of crops yields was one that highly 
influence on the farmers’ to change the land use type. The farmers in the study area actually had 
been grown rice for consumption, and sole the rest for long times. However, rice’s price was low, 
so the farmers had got low income. When compare to the high price of Para rubber at that time, 
most of farmers in Bueng Kan decided to change their agricultural lands; including, paddy fields 
to Para rubber plantation. The government policy at that time was influence on the farmers’ 
decision on land use change also. At that time, the government had a policy to expand Para rubber 
plantation areas. In addition, there were some organizations both from public and private sectors 
promote and support some materials and budgets to pursue the farmers to grow Para rubber.  Land 
location impacts on the paddy field change to Para rubber. Some location did not suitable for rice 
growing; for example, uplands or sandy lands that risk from water shortage, thus the farmers 
changed those lands to Para rubber plantation because Para rubber consume water less than rice. 
Furthermore, some famers got the impacts of sociocultural factor. Normally, Para rubber grows 
well in the eastern and southern regions of Thailand. In 2003, Para rubber just introduced to the 
northeastern region of Thailand. The farmers had no confidence to grow Para rubber at that time. 
However, there were some farmers tried to grow Para rubber and got the success. The neighbors 
saw the success, and then they changed their lands to Para rubber plantation also. 

2) Impact of land use change on socio-economic and environment Land use  
Land use change may result both positive and negative impacts on socio-economic and 

environment. In this case, land use change is strongly impact on the people and economic in 
Bueng Kan. Most of people are satisfy on the change from paddy fields to Para rubber plantation 
because they can return to their homeland and live with the family. In the past, most of people in 
the study area moved to other provinces to work as labors in construction sites after rice 
harvesting. The standard of living of farmers is elevated because they get consistency income 
from Para rubber products. However, because there is too much Para rubber products, the price 
decrease, and result in Thai farmers are facing with this problem. For environmental impact, 
Para rubber plantation may good for environment because the farmer use few chemical substance  
if compare to rice. However, because of land use change there are some animals and plants that live in 
the paddy fields were disappear, but there are some new kind of animals are living in Para rubber 
plantation instead. 
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3) Farmers adaptation to land use change 
Para rubber may be a good choice that farmers decide to change instead of rice. However, 

because land uses change, the farmers have to adapt themselves. In this case, it is show that the 
farmers tried to adapt themselves since in the past. They choose crops that more suitable to their 
lands and can give more income to them. In addition, they learn to improve their land by using 
organic fertilizers, organic soil amendment, and organic liquid (using in the raw rubber production 
process), etc. that good for themselves and environment.  Climate change issue forces the farmers 
to prevent from high frequency and more severe of drogue and flood. They make some pond to 
reserve water and some areas they raised beds to grow plant and prevent flood at the lowlands.   

7. Conclusion 
The land use change from paddy field change to Para rubber plantation study in Bueng 

Kan under the project on “Piloting Agricultural Land Use Monitoring” in the selected sites in the 
Lower Mekong Basin (LMB) of MRC shows that the factors affected on the change from paddy 
field change to Para rubber plantation were including Thai government policy, institutions, 
economic, location, environment, and socio-culture.  The Thai government policy was a crucial 
influence on land use change in this case because at that time the government had a project to 
expand Para rubber plantation areas.  In addition, some institutions; for example, the Rubber 
Authority of Thailand persuaded the farmers to participate in the Para rubber plantation areas 
expansion project, and supported them by training and providing some seedling. For economic 
aspect, the farmers wanted to get higher benefit from Para rubber because rice production was 
costly. Furthermore, they could get consistency income from Para rubber production. Some 
farmers changed paddy fields to Para rubber plantation areas because of the location and 
environmental factors; for example, the lands are non-suitable for rice: high-, sloping-, low- or 
sandy lands, and occasionally drought and flood. Finally, sociocultural factor, some farmers 
change land use type because of the persuasion of neighbors or they saw the success of neighbors 
on new crops.  

The impacts of paddy field change to Para rubber plantation are both positive and 
negative. This change gives benefits to both farmers and environment.  The farmers can get higher 
and consistency income from Para rubber production. Some farmer can return to home land and 
have secure job. In addition, Para rubber plantation can reduce chemical substances utilization, 
reduce the release of methane into the atmosphere, and control water levels in the Mekong River. 
However, because of Para rubber plantation area expansion, it caused the reduction of food 
production lands and some flora and fauna disappear from those lands. 

From this change, Thai government and people in the study area learn to adapt themselves; 
including the aspect of policy and land management, marketing measurements, and environmental 
control. For the policy and land management, Thai government make some policy such as 
“Zoning by Agri-Map” and passing of Land Development Act to assist the farmers and control 
land utilization and land use change. For marketing measurements, Thai government and farmers 
are more concern on the direction of land utilization and land use change. The Thai government 
solves this problem by making some marketing measurements: production quota, product price 
assurance, etc. Finally, environmental control measurements, both the government and farmers 
are more concern on environmental issues and carefully using agricultural chemical substances 
that can contaminate to water bodies; especially, Mekong river, organic crops production and 
Good Agricultural Practice (GAP) are applied, and some farmers grow plants as a buffer zone to 
prevent the chemical contamination in water before the water release to water bodies. 
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8. Future Direction/ Recommendation  
 There are some organizations in Thailand has a responsibility to monitor land use and land 
use change in Thailand. LDD is one that has a direct responsibility to monitor land use; 
especially, agricultural lands. Land use map of each province in Thailand has been revised every 
two years by LDD. However, LDD desires to revise land use map of each province every year, 
but there are some limitations including budgets, materials, and knowledge of staff. LDD need 
some more effective materials; for example, update and high spatial resolution satellite image. 
Nowadays, LDD uses LANDSAT-8 images to update land use maps. The problems are; firstly, 
sometimes there is no available images; especially, in rainy season. Secondly, the spatial 
resolution of LANDSAT-8 images is too coarse that not suitable for making large scale land use 
maps. Therefore, LDD is seeking the sources that can provide high spatial resolution satellite 
images and images in rainy season; for example, RADAR satellite images to classify crops in the 
production season. In addition, for faster and more update of land use map, LDD try to transfer 
land use survey technique to the local staff in order to they can monitor and send the information 
to head office. Although, LDD monitors land use and land use change, the economic aspect and 
environmental aspect is really not assessment. Therefore, this is the new challenge of LDD to 
monitor and study land use in Thailand cover in all aspects  
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Executive summary 
 

The report reviews land use changes in Kien Giang province as a pilot area, their 
driving forces and impacts. From this literature review, the research examines the land use 
change from 2 paddy crops to paddy shrimp farming in An Bien district, its driving forces 
and impacts to local livelihoods.  

During the period 2005-2015, there have been significant changes in agricultural land 
uses in Kien Giang province, notably from paddy rice to rice shrimp farming, to 
aquaculture, and to flooded forest; from flooded forest and aquaculture to rice paddy and 
rice shrimp farming; and from bare soil to aquaculture. These land use changes have been 
results of 7 groups of driving forces; however, their weight are not the same in different 
sub-regions in this province. Also, the literature review showed that these land uses changes 
have significantly contributed to the socio-economic development and environmental 
protection; however, these changes have also brought drawbacks in environmental aspects. 

50 households having their land use change from 2 paddy crops to paddy shrimp 
farming in An Bien district was randomly selected for household interviewing from 18 June 
to 27 June 2018. A focus group was also held with participants including representatives 
from the local governments and farmers who are individually interviewed previously. The 
case study confirmed that during the last periods, the land use change from 2 paddy crops to 
paddy shrimp farming in An Bien district has largely occurred even encroached on inland 
areas. Respondents have provided 12 drivers forcing this land use change and these driving 
forces also in groups of driving forces that were previously reviewed in Kien Giang 
province. Out of 12 driving forces, higher profits of paddy shrimp farming compared to 2 
paddy crops, affecting by salt water, and governmental policies or program to support and 
promote the cultivation are three main drivers for the land use change of local farmers. This 
land use change has brought positive impacts on socio-economic and environmental aspects 
as well as negative effects on soil quality. Respondents participating in the household 
interview and the focus group said that they need the government support them for 
technique in shrimp farming such as training on shrimp nursery construction and how to 
select high quality post larva,..  

More case studies and pilot areas should be conducted in each region in the Mekong 
delta to deeply examine land use changes and their driving forces as well as their impacts 
on environment and local people livelihoods. 
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1. Introduction 
1.1 Background and justification 

1.1.1 Agro-Ecological Zones in the Lower Mekong Basin (LMB)  

Van and McNeely (2005) divided the Lower Mekong Basin into five agro-ecological 
zones as bellows:  

i) The Northern Highlands comprises northern Laos and parts of northern and 
Northeast Thailand, and is a mountainous region of steep and rugged topography containing 
only a few sizeable upland plains. It is covered at higher elevations mostly with hill 
evergreen forest (much of it now replaced by grasslands because of widen agriculture), and 
at lower elevations with dry evergreen and deciduous forests with only the valley floors 
usable for cropping (mainly rice).  

ii) The Annamite Chain is a mountainous zone from 50 to 300 km wide which 
extends some 800 km within the basin in a northwest-southeast direction, and separates the 
Mekong drainage on the west from the South China Sea drainage on the east. While 
previously heavily forested, many areas have been cleared for widen agriculture and are 
now covered with unproductive grasslands. The opportunities for agricultural development 
are mostly limited to the tributary valleys.  

iii) The Southern Uplands comprise the Elephant and Cardamom mountains 
separating the Cambodian part of the Mekong Plain from the Gulf of Thailand. The rainfall 
is very heavy and the region has little scope for agricultural development.  

iv) The Korat Plateau comprises Northeast Thailand and adjacent parts of the Lao 
PDR from Pa Mong south to Pakse. The plateau is a large (550km x 500 km) inter-
mountain basin, with thick underlying salt deposits, and much of the area is somewhat dry 
due to the rain shadow effect of the surrounding mountains. Deforestation was extensive 
during the last two decades of frontier development and has resulted in recurrent floods and 
droughts. The plateau’s much of the area changed from natural forests to unproductive 
shrub or grassland.  

v) The Mekong Plain is the vast low-lying area (800 km N/S by 600km E/W) 
traversed by the Mekong River, comprising most of Cambodia, the Mekong Delta and a 
small part of the Lao PDR. The Vietnamese portion of the Mekong Plain is the most 
densely populated part of the basin, with rice grown on 50 per cent of the land area. While 
the present agricultural productivity is substantial, the potentials are excellent for much 
higher production by means of water resources development.  

1.1.2 Agriculture and land use in LMB  

Agriculture is a very important sector in the Lower Mekong Basin (LMB). It provides 
livelihoods for about 80% of the Mekong Basin’s population. Food security is one of major 
concerns in this region since about 24% of the regional population considered to be below 
the poverty line. In this context, agriculture is first intervention point to tackle the food 
security and poverty alleviation.  

Agriculture is the dominant water-related sector, particularly in Thailand and 
Vietnam whereas agriculture in Cambodia and Lao PDR is currently less intensively 
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developed. In the whole LMB, the dry-season irrigated area of about 1.2 million hectares is 
less than 10 % of total agriculture area. The expansion of irrigation is limited by the 
availability of dry season water flow and investment capacity.  

During the past decade, agricultural land has been changed with some following 
trends: (i) expanding agricultural area: some areas have become cultivation land from bush 
forest after land clearing for agriculture and improving agriculture facilities especially 
irrigation development, (ii) crops and crop pattern have been changed: due to the 
improvement of irrigation, technology and market orientation, farmers have changed crops 
and crop pattern. In some rice areas, one annual rice crop is changed to two rice crops per 
year because of the irrigation development; (iii) in some area, agriculture land is degraded 
so that crop cultivation is not effective, therefore the farmers let these lands to be fallow; 
(iv) agricultural land has been changed into other use purpose depending on social-
economic development. For example, these kinds of land would be for hydropower 
projects, industrial zone, resident’s area and transportation etc.  

The change of agriculture land has transboudary impact; hence they need to be 
monitored. Firstly, these changes lead to change in water allocation for agriculture itself 
and for other purposes. Sustainable water allocation in the whole region and sub–basin 
needs the information on the agriculture development. Secondly, the ensuring food security 
depends on agriculture activities. Agricultural land use change needs to make sure to supply 
enough food at different scales. On other hand, agriculture is main livelihood of the local 
farmers; therefore it needs to be monitored to identify opportunities and risks to local 
farmers to seek timely adaptive solutions. Furthermore, the land use change has 
transboundary impact on the hydrology process and sediment transportation. They affect 
directly to other important social-economic sectors such as fisheries, navigation etc.  

In general, land use change may have positive or negative impacts at multiple levels 
of the basin on environment and local people livelihood, land use change needs to be 
monitored to understand the change and its impact to the basin. In order to monitor 
agricultural land use change in regional scale, remote sensing and Geographic Information 
System (GIS) are used as tools to identify the type of land use and also to detect the 
characteristics of land use change in a time period.  

MRC Information and Knowledge Management Programme (IKMP) was mapping 
the land cover of 2010 by using LandSAT imageries with ground surveys that have been 
implemented by line agencies of MRC member countries (MCs). This project of land cover 
mapping is done in 2014. In addition, the similar activity has done for land cover map in 
2003 under IKMP. Therefore, the identification of agricultural land use change can be 
benefited by using the products of these IKMP projects.  

To move forward the sustainable development, causes and effects of agricultural land 
use change need to be analyzed to contribute recommendations to relevant stakeholders at 
regional, national and local levels and share lessons learned as well. 

1.2 Objective of the activity 

The objectives of this activity are to: 

• Review and improve MRC land use/land cover (LULC) maps of 2003 and 2010 and 
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reclassify the maps based on category of MRC LULC Map 2010 in the selected pilot areas;  

• Produce detail agricultural land use maps in the selected pilot areas of the most 
updated year (between 2014 and 2016) from MRC LULC maps and auxiliary data and 
information collected by MCs;  

• Detect LULC use change for the selected pilot areas at the main LULC category, 
focusing on agricultural land use;  

Due to the data availability and accuracy (scale of maps), Sub-NIAPP has used three 
maps of current agricultural land use in 2005, 2010 and 2015 which were generated in two 
projects namely Agricultural land use planning and rural development in Kien Giang 
province (Decision 2693/QD-UBND date 8 December 2010) and Agricultural land use 
planning in association with agricultural restructuring in Kien Giang (Decision 41/QD-
UBND date 09 January 2017). Based on three above maps, maps of agricultural land use 
change in the period 2005-2010 and 2010-2015 are then generated as well.  

• Analyze driving forces of major agricultural land use changes in Kien Giang 
province as a selected pilot area;  

• Analyze impacts of land use change to local people’s livelihood at the household 
level in An Bien district as the case study. The land use change from 2 paddy crops and 
paddy shrimp farming will be selected as a case study. 

• Highlight significant land use changes in Kien Giang province, their implications 
and provide recommendations on agricultural land use management for farmers and local 
governments and land use planners as well.  

1.3 Summary of activity implementation 

At first, the activity will conduct mapping of LULC changes emphasized on agricultural 
land use and identifying driving forces of the changes in Kien Giang province. Kien Giang 
province was chosen as a pilot area because it can meet requirements as following: have data 
available enough for the study, significant historical changes on agriculture land use, and socio-
economic condition highly depending on agriculture as main criteria.   

Then, an agricultural land use change from 2 paddy crops to paddy-shrimp farming in An 
Bien district was selected as a case study. In this case study, people’s livelihood will be 
analyzed at household level to get understanding of what key economic activities of household 
(HHs) and the incomes from these activities. Data collected from HHs will help to see 
difference of HHs livelihood before and after land use change and how these land use change 
can affect to their livelihood. In order to qualify the change of livelihood, the income of HHs 
from different sources will be compared between before and after land use change.  

Following is the list of detailed tasks having done to conduct the pilot and the case 
study with its process and stakeholders: 
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No. Tasks Time period Stakeholders 

1 Contact with local 
governments and 
Insitutes to collect data 
(Kien Giang province 
and An Bien district, 
South Institute of Water 
Resources Planning) 

 

28th May to 31st 
May 2018 

(1). Kien Giang Statistical Office: 
Statistical Yearbooks in Kien Giang 
province 

(2). Department of Agriculture and 
Rural Development: Policy of land 
use shifts; Data for agricultural land 
use types;… 

(3). Department of Natural Resources 
and Environment: Data for land use 
types; Data for land use planning; 
Policy of land use shifts;… 

4th June to 8th 
June 2018 

(4). People Committee at the 
communal level: Land use changes at 
the communal level: data and spatial 

(5). An Bien Statistical Office: 
Statistical Yearbook at An Bien 
district 

(6). Division of Agriculture and 
Rural Development: Policy of land 
use shifts; Data for agricultural land 
use types;… 

(7). Division of Natural Resources 
and Environment: Data for land use 
types; Data for land use planning; 
Policy of land use shifts;… 

1st June to 2nd 
June 2018 

(8) South Institute of Water 
Resources Planning: Data for water 
control system (canals, dykes, 
culverts,...) 

2 Household surveying 18th June to 27th 
June 2018 

Households at the An Bien district 

3 Focus group 28th June to 29th 
June 2018 

Households and local government at 
An Bien district 

1.4 Structure of the report  

There are three main parts in the report, including: 

(1). Part 1: Overview of Agricultural land use (page 5-15, the main report): This 
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part reviews land use change at the national level that mainly focuses on agricultural land 
use change in the Central Highland and the Mekong Delta. Data of land use change by 
province and relevant policies are reviewed and analyzed, driving forces for land use 
changes are briefly mentioned as well. 

(2). Part 2: Land use changes and their driving forces in Kien Giang province as 
the pilot area: Based on data extracted from the maps of land cover in 2005, 2010 and 
2015 and the maps of land cover change between 2005 and 2010, between 2010 and 2015, 
this part analyses agricultural land use change in Kien Giang of each land use/land cover 
type (page 39-49, the main report). Also, data of land use and land use change sources from 
Kien Giang DORNE and DARD is also analyze to compare the trend of land use changes 
between official data and data extracted from the maps (page 17-18, the main report). This 
part also reviews driving forces and impacts of land use changes as well (page 18-35, the 
main report). 

(3). Part 3: Land use change from 2 paddy crops to paddy-shrimp farming and 
its driving forces in An Bien district as the case study: Based on findings from the house 
hold survey and the focus group discussion, this part examines the land use change from 2 
paddy crops to paddy shrimp farming in An Bien district, its driving forces and its impacts 
on local people’s livelihood (page 47-71, the main report).  

Moreover, the report also proposes lessons learnt from the research in the pilot area 
and the case study as well as recommendations for further research.  

2. Overview of Agricultural Land Use 
2.1.1 Overview of land use change (Mekong Delta and Central Highland, by 
provinces) 

Due to the availability of data in 2003, this report will first review the land use 
change in the period 2003-2010 with focusing on four land use types, namely: agricultural 
production land, forestry land, specially used land and homestead land (Table 1). 

(1). Agricultural production land: during the period 2003-2010, this land use type 
went up by 282 thousand hectare. However, in the Central Highland, this increased number 
was 625.96 thousand hectare while in the Mekong Delta this land type decreased by 344.07 
thousand hectare. The main reason for this decline is a transformation from agricultural 
production land to aquaculture, particularly in Soc Trang, Kien Giang, Bac Lieu, Ca Mau. 
Moreover, two key processes of land-use change can be distinguished as a source for 
increasing agricultural production: First, agricultural expansion into previously uncultivated 
areas, which usually takes place at an extensive and constant technological level; and, 
second, agricultural intensification on already cultivated land. Intensification involves the 
substitution of labor-intensive and capital-intensive inputs for land-intensive production 
techniques by means of technological changes such as the introduction of better irrigation 
facilities, of improved crop varieties and fertilizer. 

(2). Forestry land: there has been a decline of forestry land with a decrease area of 
249.64 thousand hectare in 12 out of 18 provinces. This dramatic decline is at Dak Lak 
(384.19 thousand hectare), Gia Lai (85.7 thousand hectare), Lam Dong (42.61 thousand 
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hectare), and Kien Giang (27.61 thousand hectare). The cause of this decrease is due to a 
shift from forestry land to agricultural land. However, as a result of a shifting land from 
non-used to use-land in this period, area of forestry land significantly increased in Dak 
Nong with an area of 143.45 thousand hectare. 

(3). Specially used land: although there were a decline in this land use type in Kien 
Giang (17.95 thousand hectare), Bac Lieu (5.21 thousand hectare) due to a change of 
statistical indicators, this land use type rose by 9.21 thousand hectare in the Mekong Delta 
and 39.59 thousand hectare in the Central Highland.  

(4). Homestead land use: Compared to other land use types, this land use type just 
accounted for a small portion of total increased land type in the Mekong Delta and in the 
Central Highland. Provinces having a significant increase are Long An (12.79 thousand 
hectare), Gia Lai (5.29 thousand hectare), and Kon Tum (4.64 thousand hectare). 
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Table 1: Land use change in the period 2003-2010, by province 

     Thousand hectare 
  

Total  area 
Of which 

No. Provinces Agricultural production 
land 

Forestry land covered 
by trees 

Specially used 
land Homestead land 

 Total 97.60 281.89 -249.64 48.80 37.39 
I Mekong Delta 80.88 -344.07 -60.88 9.21 21.63 
1 Long An 0.13 -14.21 -14.63 13.01 12.79 
2 Tien Giang 14.13 -1.22 -6.49 3.48 1.26 
3 Ben Tre 3.86 -24.50 -2.05 -1.32 0.63 
4 Tra Vinh 12.62 -31.43 0.58 3.53 1.14 
5 Vinh Long 2.18 -0.99 0.00 0.41 1.15 
6 Dong Thap 13.09 10.03 -3.18 3.37 0.24 
7 An Giang 13.07 16.26 0.91 -2.20 0.21 
8 Kien Giang 8.05 34.33 -27.61 -17.95 0.68 
9 Can Tho 1.89 -3.24 0.23 1.49 1.65 

10 Hau Giang -0.56 -3.59 1.50 2.28 0.33 
11 Soc Trang 8.86 -50.81 -0.24 0.29 0.84 
12 Bac Lieu -5.73 -105.82 -0.66 -5.21 0.25 
13 Ca Mau 9.29 -168.88 -9.24 8.03 0.46 
II Central Highland 16.7 625.96 -188.77 39.59 15.77 
14 Kon Tum 7.46 88.85 44.22 12.38 4.64 
15 Gia Lai 4.19 211.60 -85.70 2.62 5.29 
16 Dak Lak 4.04 108.39 -384.19 15.59 2.17 
17 Dak Nong 0.16 143.45 279.51 7.02 1.75 
18 Lam Dong 0.85 73.67 -42.61 1.98 1.92 

Source: Statistical Yearbook of Vietnam (2003, 2010).    
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To be more specific of agricultural land use change, this report will look at each agricultural 
land use type with their significant changes during the last periods 2000-2010 and 2010-2015. 
Overall, as a result of the expansion to the unused land in both two regions and in the mudflat area 
in the coastal provinces in the Mekong Delta, there has been an increase in both agricultural land 
and non-agricultural land in the Central Highland and the Mekong Delta during the last periods. In 
the Mekong Delta, agricultural land and non-agricultural land increased by 88.6 thousand hectare 
and 97.8 thousand hectare, respectively in the period 2000-2010 and these numbers are 2.95 
thousand hectare and 12.13 thousand hectare respectively in the period 2010-2015. These numbers 
in the Central Highland are 474.7 thousand hectare and 109.8 thousand hectare in the period 2000-
2010, respectively. However, at the provincial level, there are several provinces having a decrease 
in agricultural land; including: Long An with a decrease of 15.1 thousand hectare, Vinh Long, Tra 
Vinh and Can Tho with average of 2 thousand hectare decrease.  

First, during the period of 2000-2010, there has been a decrease in the land for 
agricultural cultivation in the Mekong Delta while this kind of land increased in the Central 
Highland, -123,652 ha and + 672,290 ha, respectively. In the Central Highland, this area 
increased as a result of mainly changing from forest land and unused land. In the Mekong 
Delta, as a result of changing to aquaculture land and non-agricultural land, this area 
decreased in 10 out of 13 provinces, a significant decrease in Ca Mau (69 thousand hectare) 
and Bac Lieu (62 thousand hectare). Three provinces in the Mekong Delta experienced an 
increase of this land use are Kien Giang (63 thousand hectare), An Giang (24 thousand 
hectare) and Dong Thap (nearly 10 thousand hectare). 

Second, there has been a significant decrease in land for rice cultivation. In the period 
2000-2010, while in the Central Highland, this area went up 32,572 hectare mainly thanks to 
irrigation system development; in the Mekong Delta, this area significantly decreased by 
158,065 hectare mainly due to a shifting to land for aquaculture. In the period 2010-2015, in 
the Mekong Delta, there was an overall decrease of 16,911 hectares of this land use type; in 
which, only there were significant increases in two provinces Kien Giang and Long An with 
8,066 hectares and 18,453 hectares, respectively; there were decreases in provinces such as 
Tien Giang, Ca Mau, Tra Vinh, Ben Tre as a result of changing to other land use types such 
as perennial crops or aquaculture. During the period 2000-2010, there have been different 
trends in agricultural land use (rice paddy) in the Mekong Delta. While area of 3 paddy crops 
increased 371.7 thousand hectare invested infrastructure and technologies, two and one paddy 
crops decreased by 205.2 thousand hectare and by 324.6 thousand hectare, respectively.  

Third, the forest land decreased in both Mekong Delta and Central Highland, 
significantly in the Central Highland. Forest land shifted to agricultural land, namely Land 
for planting perennial crops in the Central Highland and to Land for rice cultivation and land 
for aquaculture in the Mekong Delta. This is a popular trend of land use change in this period 
thanks to driving forces that will be analyzed below. 

Land for aquaculture increased in all 16 provinces, 4,768 ha in the Central Highland 
and 238,133 ha in the Mekong Delta. This rise occurred significantly in coastal provinces, 
such as: Ca Mau (69,987 hectare), Bac Lieu (69,273 ha), Soc Trang (43,537 ha). While in the 
Central Highland, this land use type went up as a result of using ponds and lakes or low-lying 
areas; in the Mekong Delta, this shift is a result of shifting from paddy areas, muddy flat 
areas or from areas exploited from mangrove areas. 
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Table 2: Land use change during period 2000-2010 and 2010-2015, by provinces (Unit: hectare) 

Provinces Agricultural  
land 

Land for 
agricultural 
cultivation 

Land for 
planting 
annual 
crops 

Land for 
rice 

cultivation 

Pastoral 
land for 
raising 

livestock 

Land for 
planting 

other annual 
crops 

Land for 
planting 
perennial 

crops 

Forest 
land 

Land for 
aquaculture 

Non-
agricultural 

land 

A. The period 2000-2010           
Central Highland 474,760 672,290 293,109 32,572 -31,052 291,589 379,180 -201,840 4,768 109,750 
Kon Tum 157,551 103,765 54,890 2,505 342 52,043 48,875 53,853 423 19,100 
Gia Lai 144,256 228,068 150,637 14,870 -384 136,152 77,431 -84,740 823 26,920 
Dak Lak 122,503 138,827 53,771 13,690 -1,869 41,950 85,056 -17,491 1,133 19,147 
Dak Nong 37,765 154,235 57,336 2,125 -6 55,216 96,899 -117,641 1,419 16,113 
Lam Dong 12,685 47,396 -23,524 -617 -29,135 6,228 70,920 -35,821 970 28,469 
Mekong Delta 88,585 -123,652 -182,636 -158,065 707 -25,279 58,984 -27,344 238,133 97,768 
Long An -15,110 -20,535 -22,300 -17,058 340 -5,582 1,764 -1,670 6,970 34,785 
Tien Giang 1,328 -1,052 -19,048 -19,793 4 741 17,997 -1,958 4,502 7,851 
Ben Tre 3,357 -1,010 -22,933 -12,152 206 -10,988 21,923 -2,013 7,222 3,409 
Dong Thap 9,605 9,664 1,680 4,489 -73 -2,736 7,984 -2,894 2,808 4,735 
Vinh Long -2,483 -3,020 -8,661 -8,192 38 -506 5,640  503 4,612 
Tra Vinh -2,851 -12,231 -12,980 -13,902 56 866 750 1,014 8,382 14,885 
Can Tho -2,310 -3,248 -4,024 -3,417 17 -624 776 -32 1,015 3,751 
Hau Giang 315 -2,518 -6,353 -6,918 -22 586 3,836 1,887 1,020 2,423 
Soc  Trang 2,169 -44,907 -43,607 -41,482 20 -2,145 -1,301 1,372 43,537 8,733 
An Giang 29,465 23,788 18,615 13,970 5 4,640 5,173 2,123 3,345 -4,841 
Kien Giang 51,036 62,894 59,264 61,917 112 -2,766 3,631 -31,484 19,570 -1,499 
Bac  Lieu 6,061 -62,039 -54,741 -53,672 3 -1,072 -7,298 -1,139 69,273 1,581 
Ca Mau 8,001 -69,437 -67,548 -61,856  -5,691 -1,889 7,449 69,987 17,344 
B. The period 2010-2015           
Mekong Delta 2,949 3,753 -35,840 -16,911 7,419 -26,348 39,593 -62,006 62,728 12,132 
Long An -653 9,504 113 8,066 69 -8,022 9,391 -14,445 3,851 1,282 
Tien Giang 1,071 2,090 -9,979 -9,488 -4 -487 12,068 -3,083 2,079 1,368 
Ben Tre 2,395 -2,369 -11,103 -7,379 3,478 -7,202 8,734 2,773 1,057 1,426 
Dong Thap 4,623 2,815 -2,467 -3,171 99 605 5,282 -373 2,089 -3,933 
Vinh Long 3,479 3,724 1,370 1,519 -25 -124 2,354  -235 -471 
Tra Vinh 1,032 -555 -5,794 -6,423 19 610 5,239 990 661 849 
Can Tho -569 -1,471 -3,667 -3,619 -20 -28 2,196 -227 1,126 3,669 
Hau Giang 805 1,941 -6,026 -3,392  -2,634 7,966 -792 -329 1,122 
Soc  Trang 4,190 5,225 3,842 2,819 10 1,012 1,384 -848 2,348 -3,762 
An Giang -2,736 -444 -4,792 -3,423 3,646 -5,016 4,349 -2,280 36 -423 
Kien Giang -5,624 6,374 14,355 18,453 149 -4,247 -7,981 -20,171 8,071 8,686 
Bac  Lieu -1,564 -1,177 3,617 3,767 -3 -147 -4,794 -1,059 1,185 2,098 
Ca Mau -3,499 -21,906 -15,311 -14,642  -668 -6,595 -22,491 40,790 218 

Source: MORNE 2000, 2010, 2015. 
Note: Agricultural land = Land for agricultural cultivation {(Land for planting perennial crops + Land for planting annual crops (including Land for rice 
cultivation + Pastoral land for raising livestock + Land for planting other annual crops)} + Forest land + Land for aquaculture



10 

2.1.2 Review on relevant land use policies 

Recently, there have been numerous land use policies affecting to above land use 
changes. This report will review several policies related to land use after the Doi Moi period. 

At the national level, during the Doi Moi period, a series of policies and laws in the 
agricultural sector, especially concerning land use, were issued. The most important policies 
were the Land Law (1993) and its revised versions (1998, 2001), the new Land Law (2003) 
and Ordinances 64/CP (1993) and 02/CP (1994) of the government dealing with the 
regulation of agricultural and forestry land allocation. There were also other policies directly 
related to land issues as well as supportive policies indirectly related to land issues. 

Under the Land Law 1993, farmers were allocated land for long-term and stable use 
and were granted five rights of land use – the rights of transfer, exchange, lease, inheritance 
and mortgage. The duration of land allocation was 20 years for land used for annual crops 
and aquaculture, and 50 years for land used for perennial crops. The allocation could be 
renewed at the end of the period if the holder still had a need for the land. The Land Law also 
put ceilings on the land areas allocated to farm households. This limit for annual crop land 
was 2 ha in the northern and central provinces and 3 ha in the southern provinces. For 
perennial crop land, the land limit was 10 ha in communes with flat fields and 30 ha in 
midland or mountainous communes. Following the land allocation, agricultural land use titles 
were issued to farm households. By 1998, land use certificates (LUCs) had been issued to 
71% of farm households, and by the end of 2000, this number was more than 90%. For 
forestry land in upland and mountainous areas, where many traditional and cultural issues 
complicated land allocation, the certification process was slower. The process of issuing land 
use certificates is still continuing. In 1998, two additional land use rights were assigned to 
farmers, the right to re-lease land and the right to use the value of LUR as joint venture 
capital for investment. In 2001, further revisions to the 1993 Land Law resulted in farmers 
being assigned the right to gift their land to relatives, friends or others. The revisions also set 
out the circumstances for allowing land related changes and procedures for registration of 
changes.  

A new Land Law 2003, which has replaced the 1993 Land Law and its revisions, was 
enacted in December 2003 and has been in effect since July 2004. For agricultural land, there 
were no changes in the new law in the duration of land allocation and land area ceilings. 
However, significantly, for the first time land was officially recognized as being a “special 
goods”, having a value and hence able to be traded. The Land Law 2003 has confirmed that 
“land is a significant internal force and capital of the state, and acknowledges that the real 
estate market including the market for land use right should be encouraged in urban areas. 
Individuals (farmers) and economic organizations are allowed to participate in the market”. 

Moreover, under the Land Law 2003, for the period of five years and of ten years, land 
use planning will be implemented at the national, provincial, district and communal levels. 
Also, plans at each sector such as agricultural, forestry, aquaculture sectors have been 
conducted for each five years and ten years at the regional, provincial and district levels. 
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These plans have provided relevant strategic and projection and solutions for policy-makers 
and decision-makers. 

Following are several land use and agricultural land use policies at the national level. 

Table 3: Land use and agricultural land use policies at the national level 

Moreover, policies related to infrastructure investments, particularly infrastructure 
supporting for agricultural and aquaculture development also have affected to these land use 
changes. Thanks for these investments, there have been land shifts including from 
agricultural land to aqua-cultural land, from forest land to agricultural and aqua-cultural land 
in several areas such as in Kien Giang, Ca Mau. 

From 2010 now on, there also have been policies related to agricultural land protection 
such as Decree 63/2009/NQ-CP on national food security. According to this Decree, land for 
paddy rice must be remained in 3.8 million hectares with more than 3.2 million hectare of 2-3 
paddy crops. In 2012, Decree 42/2012/ND-CP on management and use of paddy farming 
land was also issued. These policies have limited a shift of paddy land through requirements 
of permission from different levels of government depending on a size of paddy land change. 
Moreover, with a permission for shifting forest land to agricultural land in coastal areas, areas 
of agricultural and aqua-cultural land have been significantly increased, particularly in the 
Mekong Delta. 

2.1.3 Review on land use changes, its driving forces and its impacts to local people’s 
livelihood in available case studies 

Land use change as well as land use policies have had significant impacts to local 
livelihoods. This report will review several case studies, focusing land use changes and their 
driving forces, land use changes and their impacts to local people’s livelihood. 

No. Legal code Issuing date Policy name 

1 13/2003/QH11 November 
2003 

Land Law 2003 

2 29/2004/QH11 December 2004 Law on forest protection and development 
3 84/2007/ND-CP May 2007 Additional provisions in issuance of land use right 

certificates; on land recovery; on exercise of land 
use rights. 

4 18/2007/QD-TTg February 2007 Strategy for forestry development in Vietnam in 
the period 2006-2020. 

5 391/2008/QD-TTg April 2008  
6 69/2009/ND-CP August 2009 Decree on additionally providing for land use 

planning, land prices, land recovery, 
compensation, support and resettlement 

7 63/2009-NQ-CP December 2009 Decree on national food security. 
 From 2010 till now   

8 42/2012/ND-CP November 
2012 

Management and use of paddy farming land.  

9 45/2013/QH2013 November 
2013 

Land Law 2013 
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In the Daniel’s research (2003) about driving forces of land cover and land use change 
in Dak Lak province in the Central Highland of Vietnam, policy simulation are found to be a 
driving force for land use change in Dak Lak province. Driving forces include population 
growth, altering input and output prices, technological change and infrastructural 
improvements such as road upgrading, canal and dyke construction. As underlying factors, 
these exogenous or predetermined driving forces stimulate a transformation in the 
characteristics of agents and their decision parameters.  Village institutions and organizations 
might evolve in a characteristic way as a response to the changing environment (Ruttan & 
Hayami, 1984). This will, in turn, provoke a change in the variables on which individual or 
collective management decisions are grounded, such as the choices of farmers concerning the 
allocation of production factors and consumption patterns. A consequence might be land-use 
change in its various forms, measured as the physical change from one major land-cover class 
to another on a given plot and during a specified period. Land-use change may result in 
changing levels of human welfare, can alter natural resource conditions and affect indicators 
of economic growth. Consequently, agents will react to a pressure for change and adjust their 
decisions according to the new circumstances (Scherr et al., 1996; Templeton & Scherr, 
1997; Kaimowitz & Angelsen, 1998; Pender et al., 1999). 

Figure 1: Framework for econometric model of land use change 
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Market pressure has been also considered as a driving force for land use change. First, 
according to the study of Son (2008), determinants of land use change includes high market 
value of shrimp and the marketing attractiveness of rice for export. The loss of forestland area 
was driven by the quick growth of the rural economy, and the two largest contributors were 
the prompt expansion of agriculture and aquaculture. Also, Nhuong et al. (2002) concluded 
that the contradictory regulatory environment and market pressure resulted in a rapid 
expansion of the shrimp area in Ca Mau province where 202,000 ha was recorded under for 
shrimp production, accounting for 47.1% and 42.2% of the total shrimp area in the southern 
provinces and Vietnam, respectively.  

Moreover, policy intervention and infrastructure development have also been driving 
forces causing land use changes. Policies and investments of water control infrastructure in 
Mekong Delta are examples.   

First, improvements in irrigation, drainage and flood control in both flooded and 
salinity areas on a large scale have played a crucial role to a significant increase in yield and 
production of rice despite the great contribution of fertilizers, pesticides and herbicides. 
Thanks to these infrastructures, there has been a transformation from mainly floating rice to 
two or three rice crops, particularly in areas which has full flood control, such as LXQ 
including Can Tho province. Moreover, the construction of seawater-control sluices rapidly 
reduces the canal water salinity and expands the salinity-free areas (Tuong et al. 2003). These 
infrastructures have reduced the salinity intrusion area from 2.1 million hectares in 2001 to 
below 500 thousand hectares in 2011 (SWIARP 2017). This, in turn, allowed a large number 
of farmers to increase their double or triple rice areas.  

Figure 2 Rice cultivated area of MD from 1976 to 2009 
 

 

 

 

 
 
 

 
Figure 3 Rice cultivated production of MD from 1976 to 2009 

 

 

 

 

 

 

 

Source Sub-NIAPP 2013 

Source Sub-NIAPP 2013 
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Second, thanks to the hydraulic investment, there have been tranformations and 
distribution of agricultural farming model in protected floodplains (Huu 2011). These 
transformations are opportunities to improve the effectiveness of land use. For instance, in 
Can Tho provine, the land for mono-rice farming has been reduced, giving the land for the 
area for vegetables, perennial fruit trees and aquaculture. Integrated farming models such as 
rice – cash, rice – fish, fruit tree – fish, special fruit trees and intensive fish culture are 
envisaged in each flood control sub-zone.  

Table 4: Agricultural farming model transformation and redistribution 
in protected floodplains 

 
 

Third, these hydraulic infrastructures have brought great opportunities for aquaculture 
development. First, since 2000, there has been a significant increase in the area of brackish 
and freshwater farms, particularly in Ca Mau, Bac Lieu and Kien Giang provinces. In several 
areas in the coastal zone such as South Ca Mau, Can Tho, Soc Trang, Tra Vinh, Ben Tre, 
shrimp farming has replaced rice. Brackish aquaculture production was more than quadrupled 
from 365,141 ton in 2001 to 1,838,640 ton in 2007. Second, a model of raising fish and 
shrimp in the fields during the flooding time has been increasingly popular (Huu 2011). In 
Can Tho province, for example, before the dyke construction, the floodplains were not 
utilized to raise fish and shrimp during the flooding time because of negative and 
uncontrollable flood impacts. However, after the dyke construction and better control of 
floods, farmers began to implement this model. The infrastructure has been set up to help this 
implementation, particularly taking nutrient from the water in Bassac River. 

Source: cited in Huu 2011:84 
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Huu (2011) conducted the study about local people’s income before and after land use 
type change in two communes as a result of the investment of flood control and dyke system 
in Thanh Phu and Thanh Thang communes. Figure 1 and 2 illustrate their adjustment and 
transformation about agricultural farming of local people in two communes. The main change 
in land use type is that the two rice crops system was transformed into an integrated farming 
model with combinations such as rice-fish, rice-fish-duck, rice-vegetable and special fish-
duck during the flooding time. According to Huu (2011), the transformation from double rice 
crops into integrated rice-fish farming and special fish cultures has created additional 
incomes in the protected floodplains. The fish is raised together with rice in WS and SA 
seasons and also during flooding time. Moreover, table 1 also shows the perception of local 
farmers on rice yields before and after dyke investment. 

 

Table 5: Farmers’ perception on rice yields  
in the protected floodplains of Thanh Phu and Thanh Thang communes in 2008 

Rice yield 

Thanh Phu commune Thanh Thang commune 
Winter-Spring Summer- Autumn Winter-Spring Summer- Autumn 
(%) n= 65 (%) n= 77 (%) n= 65 (%) n= 77 

Increased 75 88 89 77 
Reduced 22 2 7 1 
Unchanged 3 10 4 22 

 

 

Figure 4: Land use types before the investment of dyke system 
 

Source: Huu 2011. 
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Additionally, Lebel et al. (2002) and Hossain et al. (2006) found that aquaculture 
development had increased the overall prosperity in financial terms of coastal communities. 
Furthermore, Thanh et al. (2008) also report that the transformation of rice fields, often on 
low-level land, into higher-level fruit gardens in three villages in Tien Giang and Vinh Long 
significantly contributed to the improvement of local livelihood. 

3. Pilot area 
3.1 General information and situation 

Kien Giang is a coastal province in the western part of the Mekong Delta, situated from 
9°23'50" to 10°32'30"N and from 104°40'00'' to 105°32'40"E. The province shares a border 
with Cambodia in the north; An Giang, Can Tho and Hau Giang provinces in the east and 
southeast, Ca Mau and Bac Lieu provinces in the south and the Gulf of Thailand in the west. 
Kien Giang has a mainland area of 634,600 ha (not including area of Phu Quoc island and 

Figure 5: Land use types before the investment of dyke system 

Source: Huu 2008. 
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Kien Hai district), accounting for about 14% of the total Lower Mekong Delta in Viet Nam. 
There is a large marine area (63,000 km2) with 143 islands, one of which, Phu Quoc Island, is 
the largest in Vietnam (58,000 ha) and a 206 km long, mainland coastline (Kien Giang PPC 
2010a). The average annual temperature in Kien Giang is over 27°C and the average annual 
humidity is high. Annual rainfall is approximately 2,000 mm and 85% falls during the wet 
season from April to November. There is a pronounced dry season from December to March. 
The coastline in the Gulf of Thailand is not exposed to ocean swells and has a small tidal 
range of 0.5-0.8 m. 

In Kien Giang province, the agricultural production has played a vital role in the socio-
economic development in Kien Giang province. First, in 2017, area of agricultural land 
remained 89.91% out of total area; in which, agricultural production land accounted for 
72.93%, this number for forestry land was 11.24% and for aquaculture land was 5.74%. 
Second, out of the gross domestic product (GDP) in Kien Giang province, agriculture, 
forestry and fishing accounted for 35.46%. Within the gross output of agriculture, the gross 
output of agricultural production accounted for 54.43%, forestry accounted for 0.77% and 
fishing (both catch and aquaculture) accounted for 44.81%. Third, in 2017, labor in the 
agricultural sector remained 33.55% out of total employees. Local people in rural area have 
mainly lived on agricultural activities.  

There have been significant changes in land use in Kien Giang province during the last 
decades. According to the data from the Kien Giang DONRE and DARD, during the period 
2000-2010, area of agricultural land increased by 51,036 hectares which was mainly shifted 
from forest land and non-use land. Specifically, land for agricultural cultivation increased by 
62,894 hectares, in which, land for rice cultivation increased by 61,917 hectares; area of 
forest land decreased by 31,484 hectares and land for aquaculture increased by 19,570 
hectares. Also, there was an area of agricultural land shifted to area of non-agricultural land 
as well. Moreover, during the period 2010-2016, area of agricultural land decreased by 5,624 
hectares for shifting to non-agricultural land. Land for rice cultivation increased by 18,453 
hectares as a result of shifting from forest land (production forest); in which, land for 2-3 
paddy crops increased by 28,253 hectares in five years. Moreover, there was an increase 
8,685 hectares of non-agricultural land area during this period. 

Additionally, Kien Giang is considered one of the most vulnerable coastal provinces to 
climate change and rise level sea. As other provinces in the Mekong delta, annual flooding 
depend of the volume of water from upstream, that has affected to livelihood of local people, 
particularly for agricultural production. 

❖ Reasons for choosing Kien Giang province as a pilot area are as following: 

According to the MRC’s Guideline, the pilot area is selected in correspondence with 
these following conditions: 

- Data availability enough for the study and ability for collecting data at a suitable rate. 

- Significant historical changes on agriculture land use. Trends of land use change in 
this area can represent for general change and dominant land use types in Lower Mekong 
Delta.  
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- Socio-economic condition highly depending on agriculture.  

- One province or equivalent (approximated 500,000 – 1,000,000 ha).  

Compared to the above criteria, choosing Kien Giang province as a pilot area can meet 
requirements of above criteria. Kien Giang is a province with a rapid urbanization rate during 
past decades. There has recently been a significant change from agricultural land to non-
agricultural land due to expansion of built-up areas as well as from another pattern crop to 
other pattern crop in this province in the period 2003-2010. Second, Kien Giang has 
conducted plans in terms of land use planning, agricultural production development. Hence, 
data of land use, particularly agricultural land use and other relevant policies are available in 
this province.  

Figure 6: Geographical location of Kien Giang province (mainland area) 

 

3.2 Agricultural land use and land use change in Kien Giang province 

According to Kien Giang DORNE, in 2005, paddy rice was the dominant type of land 
cover across this province, accounting for 61.64% of total area. Orchard was the next most 
common type of land cover (11.13%), following by shrimp farming (10.03%), forest 
plantation (6.71%), aquaculture (5.57%), other land cover types including urban area, 
marsh/swamp area, annual crop, water body account for small percentage out of total.  In 
2010, paddy rice was still the dominant type of land cover in this province, accounting for 
65.82% of total area (in which paddy shrimp farming accounted for 10.83% and 2-3 paddy 
crops accounted for 54.98%). Orchard was the next most common type of land cover (9.89%) 
and bare soil was the least common type with only 0.22%. In 2015, paddy rice still remained 
the highest percentage out of total with 69.02%, (in which paddy shrimp farming accounted 

Kien 
Giang 

province 

Long Xuyen Quadrangle 
sub-region 

Western Hau river 
sub-region 

U Minh Thuong  
sub-region 
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for 11.72% and 2-3 paddy crops accounted for 57.3%), following by orchard with 8.3%; 
urban area accounted for 6.72%, ranking the third out of total area.  

In terms of land use changes during the period 2005-2015, overall, there has been an 
increase in area of rice based cropping system including area of 2-3 paddy rice and paddy 
shrimp farming, aquaculture, flooded forest and urban area. Conversely, area of forest 
plantation dramatically decreased by 6,658hectare in the period 2005-2010 and 25,900 
hectare in the period 2010-2015; this is a result of changing from this land use to other land 
uses types such as rice based cropping system and aquaculture. Also, there has been an 
increase of total land area as a result of expanding of mudflat area, 299 hectare and 116 
hectares in the period 2005-2010 and 2010-2015, respectively. These land use changes were 
results of drivers for the socio-economic development in Kien Giang that will be analyzed in 
the next part.  

Following are data of land use changes in Kien Giang in the period 2005-2015.  

Table 6: Land use and land use changes in Kien Giang province  
during the period 2005-2015 

Land use types 
Year 2005 Year 2010 Year 2015 Land use area variation 

(hectare) 
Area 

(hectare) 
Percentage 

(%) 
Area 

(hectare) 
Percentage 

(%) 
Area 

(hectare) 
Percentage 

(%) 
2010 
-2005 

2015 
-2010 

2015 
-2005 

Total area 573,076 100.00 573,375 100.00 573,491 100.00 299 116 415 
Annual crop 8,496 1.48 9,052 1.58 5,420 0.95 556 -3,632 -3,076 
Paddy rice 353,220 61.64 377,380 65.82 395,820 69.02 24,160 18,440 42,600 
 - 2-3 paddy crops   315,264 54.98 328,582 57.30 315,264 13,318 328,582 
Paddy shrimp 
farming 57,477 10.03 62,116 10.83 67,238 11.72 4,639 5,122 9,761 
Orchard 63,777 11.13 56,706 9.89 47,595 8.30 -7,071 -9,111 -16,182 
Flooded forest 14,996 2.62 9,166 1.60 17,946 3.13 -5,830 8,780 2,951 
Urban area 29,012 5.06 32,440 5.66 38,570 6.73 3,428 6,130 9,558 
Bare soil 8,052 1.41 4,152 0.72 835 0.15 -3,900 -3,318 -7,217 
Forest plantation 38,468 6.71 31,810 5.55 5,910 1.03 -6,658 -25,900 -32,558 
Mangrove 8,981 1.57 8,768 1.53 8,707 1.52 -213 -62 -274 
Marsh/swamp area          
Aquaculture 31,902 5.57 28,364 4.95 36,425 6.35 -3,538 8,061 4,523 
Water body 16,172 2.82 15,536 2.71 16,262 2.84 -636 726 90 

Source: Kien Giang DONRE 2005, 2010, 2015. 

3.3 Driving forces of agricultural land use change 

To analyze driving forces of land use change in Kien Giang province, this report adapts 
the conceptual framework from Scherr et al. (1996).  
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Figure 7: The conceptual framework of driving force analysis 
 

Based on the above framework, there are 7 groups of driving forces promoting changes 
in land use in Kien Giang during the period 2005-2015. 

3.3.1. Resource and endowments  

(1). Soil and Land suitability in Kien Giang 

Considering the mainland area in Kien Giang province, there are 16 types of soil in 
Kien Giang province; of which, area of umbric fluvisols remains the highest portion with 
335,161 hectare, accounting for 58.44%. These types of soils are suitable for cultivating 
paddy, fruit tree,… particularly when infrastructure (system of dike and canals) has been 
invested, which can lead to an increase in areas of paddy crops in these areas. Following are 
area of soils in Kien Giang province (inland area): 

Table 7: Are of soils in Kien Giang province (mainland area) 

No. Soil classification Code  Area (Mainland) 
Area (hectare) Percentage (%) 

1 Tidalic Fluvisols (hyperthionic, Humic) Mm 6,322 1.10 
2 Gleyic Salic Fluvisols Mn 17,704 3.09 
3 Salic Fluvisols M 27,427 4.78 
4 Tidalic Fluvisols (Endo-protothionic) Sp2Mm 1,580 0.28 
5 Umbric Salic Fluvisols (Epi-protothionic) Sp1M 25,263 4.41 
6 Umbric Salic Fluvisols (Endo-protothionic) Sp2M 14,959 2.61 
7 Umbric Salic Fluvisols (Epi-orthithionic) Sj1M 32,448 5.66 
8 Umbric Salic Fluvisols (Endo-orthithionic) Sj2M 87,067 15.18 
9 Umbric Fluvisols (Epi-orthithionic) Sj1 67,753 11.81 
10 Umbric Fluvisols (Endo-orthithionic) Sj2 106,091 18.50 
11 Umbric Cambisols (Oxyaquic, Chromic) Pf 85,691 14.94 
12 Fibric Histosols (thionic) TS 14,378 2.51 
13 Haplic Acrisols X 4,961 0.87 
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No. Soil classification Code  Area (Mainland) 
Area (hectare) Percentage (%) 

14 Haplic Acrisols (Arenic Chromic) Fa 1,302 0.23 
15 Lithic Leptosols (dystric) E 4,894 0.85 
16 Ekranic Technosols (Oxyaquic)/Technic Cambisols (OxyAquic) N 58,683 10.23 
  River, canal, water body  16,968 2.96 
  Total area (inland)   573,491 100.00 

Source: Sub-NIAPP, 2010. 
Following are physical land suitability in Kien Giang, which can used to predict 

potential shifts in land use types in Kien Giang province. 

Table 8: Areas of physical land suitability in Kien Giang province (mainland area) 

No. Land use types – LUTs Inland are 
Area of 

Suitability 
evaluating 

Suitability levels River, 
canal, 
water 
body 

S1 S2 S3 N 

(1) (2) (3)=(4)+(9) (4) (5) (6) (7) (8) (9) 
1 3 paddy crops 573,491 556,523 73,058 85,359 63,311 334,796 16,968 
2 2 Paddy crops + upland crop 573,491 556,523 70,957 104,240 46,530 334,796 16,968 
3 2 Paddy crops + fish 573,491 556,523 76,552 183,221 64,008 232,744 16,968 
4 2 paddy crops 573,491 556,523 184,862 125,754 14,420 231,487 16,968 
5 Paddy shrimp farming 573,491 556,523 96,443 46,463 5,171 408,446 16,968 
6 Upland crop 573,491 556,523 58,855 79,015 365,774 52,880 16,968 
7 Sugar canes 573,491 556,523 58,855 26,844 196,140 274,684 16,968 
8 Pineapples 573,491 556,523 58,855 41,072 296,689 159,907 16,968 
9 Pepper 573,491 556,523   6,215 58,855 491,453 16,968 
10 Fruit 573,491 556,523     58,855 497,668 16,968 
11 Shrimp farming 573,491 556,523 38,153 42,485 114,105 361,781 16,968 
12 Mangrove 573,491 556,523 8,705 23,325 42,365 482,128 16,968 
13 Flooded forest 573,491 556,523 191,347 58,855 259,656 46,665 16,968 

Source: Sub-NIAPP 2017. 
Figure 8: Map of physical land suitability in Kien Giang province (mainland area) 

 

 

Source: SubNIAPP 2017. 
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(2) Hydrology 

Hydrological regime in Kien Giang province is dominated by tides from the West Sea, 
Hau River hydrology, and inner-field hydrology; as follows: 

- Tide regime from the West Sea is a mixed tidal regime with diurnal tide is majority, 
with tidal amplitude from 0.8 m to 1 m. There are not significant differences between two 
tide peaks, ranging from 0.5 to 0.7m. The largest amplitude of the West Sea at Rach Gia is 
118cm in January and the smallest amplitude at Rach Gia is 2cm in October. 

- Hydrological regime in Hau River: Hydrological regime in Hau River is strongly 
affected by upstream water flow and tides from the the East Sea. From July to December, 
there is almost no backflow. In late November and the beginning of December, water flow 
from upstream gradually decreases, while the semi-diurnal in the East Sea is more active, the 
flow in Hau River begins to flow back to Chau Doc. The highest tidal amplitude in Chau Doc 
in October is 16cm, rising to 101cm in January and reaching 126cm in May. 

- Inner-field hydrology: Intra-field rainfalls strongly affect the flow regime in the area, 
leading to an increase in flood level and to change the level of acid sulphate in the canals, 
especially in the first half of the rainy season. In general, intra-field hydrology of Kien Giang 
Province is complex; each sub-region has a different flow regime. 

Flooding: The inundation depth and length duration decreases from Long Xuyen 
quadrangle to West Hau River and U Minh Thuong. The west of Rach Gia - Ha Tien canal is 
flooded about 0.5 m. The area east of Rach Gia - Ha Tien canal is located in the flooded area 
of Long Xuyen quadrangle, which has a high level of submergence and long duration of 
inundation so that most of the area can only produce 02 crops per year. In the west of Hau 
River, there are shallow floods and inundation times, thus producing three crops per year. U 
Minh Thuong sub-region is not flooded by water flow from upstream but by rainfall and 
water shortage in dry season, mainly producing 02 rice crops or 01 paddy crop + 01 shrimp 
farming. Flooding duration is crucial because it determines which crops should be cultivated 
and the effectiveness of production models as well.  

Salt water intrusion: Kien Giang province was affected by tide both from the East Sea 
and the West Sea. Particularly, in the dry season, tides penetrate deeply into the inland field 
when water flow from upstream is low. Also, as mentioned above, in some areas in Kien 
Giang province was affected by salt water in dry season, especially in years when rainy 
season is late or amount of rainfall is low. Salinity intrusion is associated with low water 
discharge from upstream of the Mekong River. This is caused by the below average rainfall 
in the Mekong basin due to the El Niño. With insufficient upstream water flow to push back 
seawater, salinity intrusion increased in concentration and duration this year. It was also 
aggravated by the drought and high temperature in the region. This is one of main drivers for 
land cover change in Kien Giang during the last periods, particularly from rice paddy to rice 
shrimp farming or to shrimp farming in some regions in Kien Giang province. 

Table 9: Flooding depth and duration in sub-regions in Kien Giang province 

No. Sub-regions Average flooding 
depth (m) 

The highest 
flooding depth (m) 

Flooding 
duration (month) 

1 Long Xuyen Quadrangle sub-region 0,6 - 0,8 0,85-2,30 2 - 5 
2 West Hau river sub-region 0,4 - 0,6 0,75-1,85 2 - 4 
3 U Minh Thuong sub-region  0,2 - 0,4 0,60-1,00 2 - 3 

Source: SIWRP 2017. 
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(3). Infrastructure investment (road, dyke, drainage, canals) 

In Kien Giang province, infrastructure investment especially the system of dyke, canal, 
sluice gates and road is considered one of significant drivers for land use change during the 
last periods.  

(3).1 System of dyke, canal, drainage (water control infrastructure) 

In Lower Mekong Delta in general and in Kien Giang in particular, the land is flat and 
low and the natural river system together with a man-made canal system form a dense water 
channel network. Since 1996, the infrastructures have been upgraded to protect crops and 
human life in this region.  

Canals enormously vary in size from primary to ditch-like on farm canals. They conduit 
for irrigation water from the main channels to cropping areas, for the drainage of local runoff 
and floodwater away from cropping areas into channels or the sea. In Kien Giang province, 
there are now about 904km with width average from 20 to 50m of main canals, 989km with 
width average from 10 to 20m of primary and about 8,596km with width average from 6 to 
10m of tertiary and on farm canals (SIWRP 2017). The expansion of agricultural land has 
frequently been accompanied by the extension of canals for irrigation and land reclamation 
(Huu 2017). These developments have entailed the construction of infrastructure for water 
diversion and distribution. The canals in the delta area have dramatically changed the shape 
and nature of the delta. The canals drained excess surface water from the wetlands, reducing 
the period of flooding in the wetlands from 12 months to 4 to 6 months. Only the lowest areas 
remained submerged year round. This has been a driver for land use change during the period 
in Kien Giang province. 

In terms of dykes, the functions of dykes are preventing or delaying the inundation of 
fields through overbank or coastal flooding. The degree of protection from floods offered by 
dykes depends on their height and location. Kien Giang also has an extended system of 
embankments and dykes with a total length of 808 km river dyke and dike on canals for flood 
protection for the Summer-Autumn rice fields (Table 11), and 70 km of sea dykes (SIWRP 
2017). 

Table 10: Current dyke system in Kien Giang province 

No. Types of dyke Number 
of canals  

Length 
(km) 

Crest 
elevation 

(m) 

Crest 
Width 

(m) 

Average 
height  

(m) 

Current 
status 

1     River dyke 4 145 +2.0 4÷6 1.2÷1.8 Good 
2 
3 

Dyke on canals level I 
Dyke on canals level II 

25 
4 

540 
123 

+1.50 
+1.0 

3÷6 
2÷5 

1÷1.5 
0.8÷1.2 

Good 
Good 

Source: Kien Giang Irrigation Department 2015. 

In several areas, enclosed dyke systems have been invested for flood control with more 
following details: 
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Table 11: Current enclosed dyke system in Kien Giang province 

No. Districts 
Number of 
enclosed 
dyke area  

Enclosing 
area (ha) 

Dyke 
length 
(km) 

Average crest 
elevation 

(m) 

Width 
(m) 

  
1 Kien Luong 1 9,000 36 +1.0 3 
2 Hon Dat 1 6,000 34 +1.0 3 
3 Giong Rieng - Go Quao 1 10,800 32 +1.5 6 
4 An Minh 1 13,500 60 +1.0 3÷5 

 Total 4 39,300 162   
Source: Kien Giang Irrigation Department 2015. 

As for culvert system, there have been 248 culverts in Kien Giang province; in which, 
open top culvert: 106 culverts with width average from 3 to 25 m, bottom elevation from -2.0 
to 3.0m. Moreover, 982 electric pumping stations have been invested with the purpose of 
combining irrigation and drainage. Sluice gates regulate water flow in and out of canals and 
their functions depend on their location. Their first function is controlling the influx of water 
from the main river channels to prevent crops from early floods where overbank flooding is 
deep and prolonged. In many of the triple rice cropping areas, during the peak flood season, 
they are also opened to allow overbank sedimentation in the fields, to flush out agro-chemical 
residues, and to permit fishing within the fields. Their second function is both controlling the 
flow of floodwater and local drainage during the rainy season, and preventing salinity 
intrusion during the dry season in the coastal areas.  

Characteristics of hydraulic infrastructure in each sub-region in Kien Giang are as 
following: 

(1) Long Xuyen Quadrangle: This region was impacted by flood from Hau river and from 
upstream of Mekong river. There have been four hydraulic systems in this region, including: 
Ha Tien Quadrangle, Vam Rang – Ba Hon, Vam Rang – Rach Gia and Tri Ton – Cai San. 
These four irrigation systems have been fully invested; including: 

- The system of flood drainage to West Sea, connecting from Vinh Te canal, Hau river 
to Long Xuyen Quadrangle and to sea for flood drainage and for irrigating. There have been 
47 canals level I with total length of 608 km in this region. 

- The system of canal level II, level III: 648 canals with total length of 3.865 km. 

- The system of culverts: 50 culverts in two project namely The project of flood 
drainage to West Sea and The project of irrigation supporting for aquaculture Vam Rang – Ba 
Hon region. 

- The system of sea dykes from Rach Gia district to Ha Tien district: 74 km length with 
24 culverts. 

- The system of enclosed dyke for flood control: in the northern Rach Gia – Ha Tien 
canal belonging to Hon Dat, Kien Luong district. This system has supported for 70,000 
hectares of 2 paddy crops. 
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- The system of inner field irrigation includes embankments, inner field canal, culverts, 
small pumping stations,… 

The hydraulic system in this region has met requirements for agricultural production 
and aqua cultural development including: drain floodwater in the rainy season, obtain 
more freshwater during the dry season, and store sediment in the early of flood season. 
Also, this irrigation and drainage systems have supported for heavy leaching to improve 
the soil quality in this region, which has been also a driver for land use change. Thanks to 
this hydraulic system, there have been significant changes in land use from forest to rice 
paddy and from rice paddy to aquaculture land use in this region. 

In Long Xuyen quadrant of the Mekong Delta (including Long Xuyen Quadrangle sub-
region in Kien Giang), the main flood control constructions include the following: (1) rubber 
dams named Tha La and Tra Su, which are designed to prevent floods until the end of August 
in the Long Xuyen quadrant and can be opened after harvesting most of the Summer–Autumn 
crop; (2) spillways in Xuan To and the extended Vinh Te canal to drain flood water to the 
Gulf of Thailand via the Ha Tien quadrant by a drainage system; (3) digging of drainage 
canals named T4, T5, and T6 connecting the Vinh Te canal and the Rach Gia-Ha Tien canal; 
(4) expansion of drainage gates through Road 80 and the digging and dredging of 20 canals to 
drain flood water to the Gulf of Thailand; and (5) construction of sewers for salinity 
prevention. After the year 2000, some hydraulic construction took place and roads continued 
to be upgraded or maintained, some canals were dredged, and many residential areas were 
built up. Thus, during the period 2000–2002, a number of structures continued to be 
constructed in Long Xuyen quadrant: (1) dredging and digging of about 20 canals for flood 
drainage canals through Road 80 such as Tuan Thong and Lung Lon; (2) completing the 
salinity prevention sewers along the Gulf of Thailand coastline; (3) upgrading Road 80 and 
building sluices under the dykes; and (4) upgrading embankments along canals in Chau 
Thanh district, An Giang province. These investments are drivers for land cover types in 
Long Xuyen quadrangle, particularly increased in area of aquaculture and rice paddy shrimp 
farming.  
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Figure 9: The region having infrastructure change in Mekong River delta in Vietnam: 
(a) during 1996–2000; (b) after 2000 (Hoa et al 2008) 



27 

(2) Western Hau river: there have been three hydraulic systems in this region, including: Cai 
San – O Mon with 10 canals with 174km in length, O Mon – Xa No with 23 canal with 
70lkm in length and Cai Lon – Cai Be with 9 canals with 106 km in length. Thanks to this 
system, flood control and drainage system for discharge flood has been significant effect to 
agricultural production (SIWRP 2017). In this region, there has been a change from two 
paddy crops to three paddy crops as well.  

(3) U Minh Thuong region: there have been five irrigation systems in this region, including: 
western Xeo Ro, Chac Bang – Bach Nguu, U Minh Thuong National Park, northern Lang thu 
7 canal, Southern Lang thu 7 canal. 

- The system of sea dykes from Xeo Ro (An Bien district) to Tieu Dua (An Minh 
district): 70 km length with 6 culverts; the system of dyke along the Cai Lon – Cai Be river. 

- The system of inland irrigation includes embankments, inland canal, culverts, small 
pumping stations,… 

Although the hydraulic system in this region has been invested, salt intrusion has not 
been completely controlled. As a result, there has been a lack of fresh water for 
agricultural production (paddy rice, orchard...), land use for aquaculture has been along 
the seaside. In several regions in An Bien, An Minh and Vinh Thuan district, due to a lack 
of fresh water, there has been a change from paddy crop to paddy shrimp farming.  

According to SubNIAPP (2017), this hydraulic system has met 62% of total demand of 
cultivated land in Kien Giang province. In the coastal areas, the hydraulic system has 
supplied salt water for aquaculture; sea dykes have been upgraded to meet 65% of 
requirements. Thanks to the irrigation investment, two regions namely Western Hau river and 
Long Xuyen Quadrangle regions has been “sweetened” and partly controlled salinity 
intrusion. In Western Hau river region, local people have changed their land uses from two 
paddy crops to three paddy crops. This change has also occurred in U Minh Thuong sub-
region as well. 

Overall, there have been effects of the hydraulic development as a significant driver for 
land use change in Kien Giang province including: 

(1). According to SWIRP (2017), as for irrigation and drainage systems, about 300,000 
hectare of 2 paddy crops has been actively irrigated thanks to canals and sluice gates. This 
hydraulic development has been a driver for changing from land for mono-rice farming to 
land for the area for vegetables, perennial fruit trees, aquaculture, rice – shrimp farming in 
U Minh Thuong and Long Xuyen Quadrangle. Integrated farming models such as rice – cash, 
rice – fish, fruit tree – fish, special fruit trees and intensive fish culture are envisaged in each 
flood control sub-zone as well. 

(2). The system of floodwater drainage to the West sea has been succeeded in flooding 
control as well as in distributing floodwater from Hau river to Long Xuyen Quadrangle for 
exploiting area of bare soil, for heavy leaching the acid sulphate soil that accounted for the 
large area in Kien Giang province to improve the soil quality for about 150,000 hectare of 
agricultural land. 
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(3) Although the sea dike built in the period of 1997-2004 has not been fully invested, 
this system has initially contributed to prevent from saltwater intrusion and then supporting 
for agricultural land use in areas along the seaside in Long Xuyen Quadrangle and U Minh 
Thuong region. 

Moreover, these water control infrastructures have brought several positive effects in 
terms of rural infrastructure, transport, and employment, which, in turn, has become drivers 
contributing to the land use changes in Kien Giang province during the last periods. First, 
these infrastructures have also reduced the flood impacts on rural infrastructure, submerged 
and damaged houses. Moreover, thanks to new canals and dykes, connective transport 
networks have been created, which offers better opportunities for exchanging commodities 
and services between cities and their hinterlands than before. It is more significant in Kien 
Giang province where the road network in rural areas has not been well developed. This has 
been a significant driver for changing in land use, especially when agricultural products have 
been transported more easily. Also, diversification in the agriculture production has created a 
number of employment opportunities and increased income for local people who have 
agricultural land. 

(3).2 Road system 

During the period 2003-2015, the road system in Kien Giang province has significantly 
developed, which has been, in turn, a lever for socio-economic development. Moreover, 
thanks to the road investment, transportation has been more flexible, accessing to market or 
transporting resources for production has been more advantageous. This, in turn, has been a 
driver for land use cover change as well. Additionally, road system increases the intensity of 
agricultural input use and the productivity of agriculture and reduces the risk associated with 
investments in agricultural production. 

Table 12: Current system of roads in Kien Giang province 

No, Types Number 
of roads 

Length 
(km) 

Surface composition (km) Asphalted 
(%) Asphalt Asphalt 

+concrete 
Gravel + 

Soil 
1 National road 4 291.8 269.3 20.3   100.00 
2 Provincial Roads  22 708.0  405.5 9.4   293.1 58.6 
3 Urban roads  70 638.6  357.8 76.0 202.5 68.2 
4 Roads at the district level  378 636.3   421.9 216.7 66.1 
6 Rural roads   7,084.0   2,723.0 4,361.0 38.4 
  Total 474 9,358.7 1.032,6 3,250.7 5,073.2 45.8 

Source: Kien Giang Department of Transportation 2014. 

Moreover, there has been 2,744km water transportation across Kien Giang province 
supporting for transportation especially for area in inner field where roads have not been 
invested and have difficulties in access to (Kien Giang Department of Transportation 2014). 

(3).3 Electricity system  

During the last periods, the electricity network in Kien Giang has been invested and 
developed in both quality and quantity. To be more specific, 3,339.8km electric line 22kV, 
and 5,032.95 km low voltage line have been invested in 13 mainnland districts. By doing this, 
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the investment of electric for agricultural production has been a driver for agricultural 
development and changing in land uses as well. In areas of inner field, farmer can access 
electricity for their farming activities.  

3.3.2 Conditioning factors 

(1). Population and labor growth and urbanization 

Population growth induces agricultural intensification by increasing the scarcity of land 
relative to labor through a shortening of fallow cycles and an increase in labor input per unit 
of land. Growing pressure on land induces a shift to higher-value crops on existing fields and 
an expansion of agriculture into more fragile, marginal areas. On the other hand, as the 
scarcity of land increases, it gets more valuable, which may, in turn, lead to enhanced 
resource management  practices and higher land investment on lands where secure long-term 
property rights exist and, therefore, an ownership effect for its users is created.  

Population of Kien Giang province in year 2000 was 1,546 thousand people. This 
number in 2005 was 1,655 thousand persons, 1,707 thousand persons in 2010 and 1,762 
thousand persons in 2015. The population growth during the period 2000-2005 was 1.4% and 
this number in the period 2010-2015 was 0.6%.  

While employed population working in the agriculture, forestry and fishing sector 
increased by 0.7% and 0.3% in the period 2001 – 2005 and 2006-2010, respectively, from 
566 thousand persons in 2000 to 586 thousand persons in 2005 and 595 thousand persons in 
2010, this employed population decreased by 1.5% in the period 2011-2015, from 595 
thousand persons in 2010 to 552 thousand persons in 2015. The reason is that mainly young 
labor shift from agriculture to other sectors such as construction and service that bring more 
income for labor. Additionally, educated or trained labor has increased during the last 
periods, which, in turn, for access to technical development in agricultural production for 
developing agricultural land uses that need technology or to maximize the benefit of land use 
type.  

Table 13: Labour force in Kien Giang province during the period 2001-2015 

    
Unit 

Years 
Growth rate (%/year) 

No Contents 2001- 2006- 2011- 
  2000 2005 2010 2014 2015 2005 2010 2015 
I Population 103 person 1,546  1,655  1,707  1,751  1,762  1.4 0.6 0.6 
- Urban population 103 person 339  430  462  480  484  4.9 1.4 0.9 
* % total population % 21.9  26.0  27.1  27.4  27.4  3.4 0.8 0.3 
- Rural population 103 person 1,207  1,225  1,245  1,271  1,279  0.3 0.3 0.5 
II Employed population 103 person 760  858  944  1,066  1,074  2.5 1.9 2.6 
- Agriculture, forestry and fishing 103 person 566  586  595  569  552  0.7 0.3 -1.5 
- Manufacturing and construction 103 person 56  81  99  140  142  7.4 4.2 7.4 
- Services and commercial 103 person 137  192  250  357  381  7.1 5.4 8.8 

III Labor structure                  
- Agriculture, forestry and fishing % 74.6  68.2  63.0  53.4  51.4  -1.8 -1.6 -4.0 
- Manufacturing and construction % 7.4  9.4  10.5  13.1  13.2  4.8 2.2 4.7 
- Services and commercial % 18.0  22.4  26.5  33.5  35.4  4.5 3.4 6.0 
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Unit 

Years 
Growth rate (%/year) 

No Contents 2001- 2006- 2011- 
  2000 2005 2010 2014 2015 2005 2010 2015 

IV Educated/trained labor % 9.1 15.1 27.0 47.0 52.0 10.7 12.3 14.0 
- In which: vocational training % 4.0 9.2 23.0 35.5 43.0 18.1 20.1 13.3 

V GDRP/ labor 106 VNDong  
per person 9.6  18.9  46.7  80.8  84.4  14.5 19.8 12.6 

- Agriculture, forestry and fishing As above 6.4  12.9  31.6  56.9  61.6  15.3 19.5 14.3 
- Manufacturing and construction As above 34.6  51.1  108.5  148.2  164.8  8.1 16.3 8.7 
- Services and commercial As above 12.7  23.6  58.2  92.3  87.4  13.2 19.8 8.5 

VI Area for agricultural production 
and aquaculture  103 Ha 402.64  470.25  485.16  488.76  499.60  3.2 0.6 0.6 

VII 
Average Area for agricultural  
Production and aquaculture 
 per an agricultural labor 

Ha 0.7 0.8 0.8 0.9 0.9 2.5 0.3 2.1 

Source: Kien Giang Statics Book Year 2000, 2005, 2010, 2015. 
(2). Technological changes 

Technological driving forces maintain advances in the development of civilisation and 
these driving forces have contributed to shape the land use enormously. Principally, 
technology has been used to improve resource management, land productivity and the quality 
of life. For instance, water is one of restrictive resources in this region; therefore technical 
advancements are evidenced in the building of dykes, canals, recycling by means of sewage 
plants or by desalinization plant construction to obtain fresh water. Technological 
modernization, such as industrialized agriculture, has influenced some social changes. 
Farming trends have conditioned the shift of many fields from traditional dry crops to drip-
irrigated systems, with the associated intensified use of fertilizers, pesticides, and the 
introduction of foreign crop varieties in orchards. 

Moreover, technological developments have been, and are expected to remain, a 
dominant driver behind changes in agriculture. In general, technological developments have 
resulted in higher levels of productivity in terms of land and employment, and, therefore, it is 
possible to increase agricultural production while agricultural land areas are diminishing. 
Future important technological developments are expected in the fields of genetic 
modification, nanotechnology and robotics. The agricultural sector is influenced by a diverse 
set of policies from different tiers of government, including trade agreements (e,g, WTO 
discussions); income support or environmental regulations; national subsidies and restrictions 
regarding landscape, ecological services and development of natural areas; and local policies 
and permits (e.g. development of greenhouse farming).  

The availability of new technologies and the ease with which they can be applied to 
land affect significantly the productivity of labor and capital employed as well. This is also a 
factor that leads to land use change in this region.  

(3). Policy indicator 

It can be said that the policy indicator has been one of significant drivers for land use 
changes in Kien Giang during the last periods. Such polices at the national level both 
provincial and district level has related to infrastructure investment, incentives and/or 
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permission for farmers in changing their land uses. Following are several policies that have 
promoted for changing in land uses in Kien Giang province: 

Plans for socio-economic development: Plans for socio-economic development in 
Mekong Delta in the period 1990-1994; Decision 1255/QD-TTg date 26 July 2011 on 
Planning of Socio-economic development in Kien Giang until the year 2020.  

Land use planning: Decision 388/QD-TTg date 03 May 2000 on Land use planning in 
Kien Giang province in the period 1996-2010; Decision 1058/QD-TTg date 23 September 
2003 on Plan of Land use in Kien Giang province in the period 2001-2005; Decree 
07/2008/NQ-CP date 21 March 2008 on Adjusting on Land use planning till the year 2010 
and plans for land use in the period 2006-2010; Decree 63/NQ-CP date 23 May 2013 on Land 
use planning till the year 2020 and plans for land use in the period 2010-2015. 

Agricultural land use planning: Decision 2693/QD-UBND date 08 December 2010 on 
Planning of Rural and Agricultural Development in Kien Giang until year 2020. 

Aquacultural land use planning: Decision 1105/QĐ-UBND date 23 May 2014 on 
Plans of Aquaculture development in Kien Giang province till 2020; Decision 1110/QĐ-
UBND date 23 May 2014 on Plans of Shrimp farming development in Long Xuyen 
Quadrangle, Kien Giang province till 2020. 

Forest land use planning: Decision 31/2007/QĐ-UBND date 03 August 2007 on 
Review, Planning Forest Development in Kien Giang province in the period 2006-2015; 
Decision 1716/QĐ-UBND date 16 August 2012 on Planning and Development of Forest in 
Kien Giang province in the period 2011-2020. 

Planning for hydraulic works: Planning for hydraulic works development supporting 
for agricultural production in the period 2004-2006; Planning for hydraulic works 
development in the context of climate change and sea level rise in Mekong Delta (Decision 
1397/QD-TTg); Planning for hydraulic works development in Ca Mau Peninsula; The project 
Investment in Hydraulic works for aquaculture development in Vam Rang Ba Hon region; 
The project Investment in Hydraulic works for aquaculture development in Binh Tri 
commune, Kien Luong district; Planning for hydraulic works development in Long Xuyen 
Quadrangle in Kien Giang province; Planning for hydraulic works development in Ca Mau 
Peninsula in Kien Giang province; Project on investing of the sea dyke system. 

Such above supportive land-use policies of permission changing from forest to rice 
paddy, to aquaculture; from rice paddy to aquaculture, to rice shrimp farming have been a 
legal basis for changing in several land uses in Kien Giang province. Moreover, plans and 
projects of hydraulic system development have been drivers for changing in land uses in Kien 
Giang as well. 

(4). Market variations (Access to markets) 

Higher income of several land use type is an important driver of land use change during 
the period in Kien Giang province. Moreover, the rapid expansion of shrimp farming was 
driven by the high market value of shrimp as well as the marketing attractiveness of rice for 
export. These push factors are in stark contrast to the low market value of forest land (mainly 
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Melaleuca cajuput). Following are benefit cost of several land use types in Kien Giang 
province: 

Table 14: Analysis of net value benefit of land use types in Kien Giang province 

No. Land use types Gross production 
(1000 VND dong) 

Production cost 
(1000 VND dong) 

Net value benefit 
(1000 VND dong) 

Net value  
benefit ratio 

I Long Xuyen Quadrangle      
1 3 paddy crops 67,568 38,780 28,788 1.74 
2 2 paddy crops +  upland crop 66,623 38,780 27,843 1.72 
3 2 paddy crops 39,105 31,780 7,325 1.23 
4 Fish (fresh water) 84,184 54,684 29,500 1.54 
5 Paddy shrimp farming 90,000 25,000 65,000 3.60 
6 Shrimp farming 1,134,000 595,000 539,000 1.91 

II. Western Hau river 
1 3 paddy crops 96,525 55,400 41,125 1.74 
2 2 paddy crops 65,175 45,400 19,775 1.44 
3 2 paddy crops + fish 48,105 29,510 18,595 1.63 
4 2 paddy crops +  upland crop 95,175 55,400 39,775 1.72 
5 Upland crop 107,625 59,194 48,431 1.82 
6 Coconut 30,375 22,264 8,111 1.36 
7 Sugar canes 50,998 34,762 16,236 1.47 
8 Fruit 70,000 45,000 25,000 1.56 

III. U Minh Thuong region 
1 2 paddy crops +  upland crop 61,864 36,010 25,854 1.72 
2 2 paddy crops + fish 80,175 45,400 34,775 1.77 
3 2 paddy crops 39,105 31,780 7,325 1.23 
4 Paddy shrimp farming 63,000 17,500 45,500 3.60 
5 Shrimp farming 1,134,000 595,000 539,000 1.91 
6 Pineapples 36,373 25,264 11,109 1.44 

Source: Sub-NIAPP 2010, 2017. 

From the above table, there are notable differences in net value benefit in several land 
use types, including: 

- In Long Xuyen Quadrangle: in area having enclosed dyke for flood control, 3 paddy 
crops and 2 paddy crops has brought higher benefit compared to 2 paddy crops, 1.74, 1.72 
times compared to 1.23 times, respectively. 

- In U Minh Thuong region: Paddy shrimp farming has brought a significantly higher 
benefit compared to 2 paddy crops, 3.6 times and 1.23 times respectively. 

- In Western Hau river: Although upland crop has brought a higher benefit compared to 
other land use types including 3 paddy crops, 2 paddy crops, 2 paddy crop + upland, this land 
use type only occurs in area not affected by flood that accounted for a small area in this 
region.  

3.4 Impacts of agricultural land use changes 

3.4.1 Positive impacts 

It can be said that land use changes in Kien Giang province has brought positive effects 
in social, economic and environmental aspects. However, the literature review has showed 
that there has not have research that fully assesses such positive impacts in Kien Giang 
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province in qualitatively or quantitatively. This reports will briefly review several positive 
changes which these land use changes have contributed to. 

Overall, there has been a significant increase in yield and production of rice during the 
period 2000-2015. The table below will show in detail. 

Table 15: Area and production of several plants  
in the period 2001-2015 in Kien Giang province 

No. Plants Unit 
Year Compare 

2000 2005 2010 2015 
2005 
-2000 

2010 
- 2005 

2015 
-2010 

1 Paddy Area  hectare 540,914 595,797 642,625 769,464 54,883 46,828 126,839 

 Of which Production tons 2,284,288 2,944,315 3,497,053 4,642,896 660,027 552,738 1,145,843 
1.1 Winter paddy Area  hectare 41,477 45,185 62,166 62,956 3,708 16,981 790 

  Production tons 98,614 158,889 237,089 283,256 60,275 78,200 46,167 
1.2 Winter 

spring 
paddy 

Area  hectare 232,587 250,768 283,854 307,344 18,181 33,086 23,490 

 Production tons 1,153,161 1,503,398 1,892,057 2,224,468 350,237 388,659 332,411 
1.3 Spring - summer 

paddy 
Area  hectare 

 

12,498 5,695 10,662 12,498 -6,803 4,967 

 Production tons 50,673 23,437 58,733 50,673 -27,236 35,296 
1.4 Summer - 

autumn paddy 
Area  hectare 266,850 245,885 276,591 300,322 -20,965 30,706 23,731 

 Production tons 1,032,513 1,090,340 1,291,299 1,615,431 57,827 200,959 324,132 
1.5 Autumn - Winter 

paddy 
Area  hectare 

 

41,461 14,319 88,180 41,461 -27,142 73,861 

 Production tons 141,015 53,171 461,008 141,015 -87,844 407,837 
2 Sugar canes Area  hectare 4,605 3,759 4,512 5,816 -846 753 1,304 

  Production tons 208,529 168,818 362,326 400,148 -39,711 193,508 37,822 
3 Pineapples Area  hectare 9,200 7,183 6,689 7,005 -2,017 -494 316 

  Production tons 89,094 70,947 89,953 90,734 -18,147 19,006 781 
4 Aquaculture Area  hectare  74,310 120,527 136,230 74,310 46,217 15,703 

 Of which          

4.1 

Intensive and 
Semi -Intensive 
aquaculture Area  hectare   4,053 2,132  4,053 -1,921 

  Production tons    14,275   14,275 

4.2 

Extensive and 
improved 
extensive 
aquaculture Area  hectare   116,474 98,753  116,474 -17,721 

  Production tons    37,935   37,935 
Note: Year 2000: Area of summer - autumn paddy includes spring - summer paddy and autumn - winter paddy 
Source: Statistical Yearbook of Kien Giang 2000, 2005, 2010, 2015. 

Gross regional domestic product (GRDP) in the sector of agriculture, forestry and 
fishing has increased during the last periods, 7.9% in the period 2000-2005, 7.2% in the 
period 2006-2010, 7.0% in the period 2011-2015 (Statistical Yearbook of Kien Giang 2005, 
2010, 2015). Accordingly, GRDP per employees in this sector increased from 6.4 million 
dong per an employee in 2000, to 12.9 million dong per an employee in 2005, 31.6 million 
dong per an employee in 2010, and reached 53.9 million dong per an employee in 2015 
(Statistical Yearbook of Kien Giang 2005, 2010, 2015). 
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There were positive changes via index of socio-economic development in Kien Giang 
province during the last periods. First, per capita income in Kien Giang province increased 
from 4.7 billion dong per capita per year to 9.8 billion dong in 2005, to 25.8 billion dong in 
2010 and reached 51.4 billion dong in 2015. Although there were also other sources 
promoting an increase of per capita income, the income from agricultural production still 
played a vital role because in Kien Giang this income has accounted for the highest 
contribution of the GDP. Second, the poverty rate dropped to 2.73%, the rate of communes 
meeting the national heath standard was 70%, the rate of accessing clean water was 85%, the 
rate using electricity was 98% (Statistical Yearbook of Kien Giang). 

In terms of positive effects in environment of changing from rice paddy to rice – 
fish/shrimp farming, there were research regarding pest management practices among rice 
and rice–fish/shrimp farmers and their perception of problems related to pests and pesticides 
were surveyed in the Mekong Delta in general and in Kien Giang in particular. These 
research have showed that farmers growing fish/shrimp in their rice fields used less pesticide 
than farmers growing only rice, as pesticides adversely affect cultures of fish. Taking a long-
term perspective integrated rice–fish/shrimp farming provides a sustainable alternative to 
intensive rice mono-cropping, both from an economic as well as an ecological point of view. 

3.4.2 Negative impacts 

There have been researches about negative impacts of land use change in Mekong Delta 
in general and in Kien Giang province in particular. This report will review several negative 
impacts of land use changes. 

- Land use changes to Rice shrimp farming: According to Nigel and Clayton (2003), 
the inundation of brackish water onto the rice fields during the dry season may lead to a 
buildup of soil salinity over time; and that the delay in planting the rice crop under the rice–
shrimp system (because of the need to flush salts from the system at the start of the rainy 
season) may reduce yields because of the increased risk of end-of-season salinity damage 
resulting from saline intrusion. Moreover, the newly dug canals for irrigation and delivery of 
fresh water for shrimp farming has resulted in the release of acidity and reduced the pH of 
both soil and water. This change has negative impacts on the wetland living organisms and 
caused environmental changes as well. Also, agro-chemical effluent discharges from behind 
the proposed salinity control sluices in An Bien and An Minh districts may possibly impact 
the near-shore blood cockle farms. These possible effects need careful consideration in the 
environmental impact assessment (IUCN&VAWR, 2016) 

The brackish-water shrimp farming has been affected because of the cessation of 
supply of brackish water and in some areas the acid sulphate soils present posed problems for 
rice cultivation. In this situation, poor farmers and landless people have suffered more 
because there has been a sharp decline in the fishery resource that they depended on due to 
reduced salinity and and increased acidity in the canal water (cited in Kakonen 2008). 
Moreover, in area cultivating both paddy rice and rice shrimp farming, there is sometimes a 
conflict between the freshwater needs for agriculture and salt water needs for brackish water 
shrimp farming and shrimp-rice farming. For instance, along the coastline of the LXQ and U 
Minh Thuong sub region, sluices consist of only one-way gates to let fresh water out and 
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prevent salt water to enter. There is no management system to demarcate the salt-fresh 
interface based on the needs for agriculture and aquaculture. 

- Production forest to rice paddy or rice shrimp farming: The conversion of grassland 
to rice fields, based on the potential for higher incomes from growing rice and 
Melaleuca,has resulted in the degradation and reduction of grassland. However, the rice 
yield on the newly reclaimed acid sulphate soils has gradually declined after first few crops. 
The rice fields have been abandoned due to poor investment in soil management and a lack of 
irrigation in dry-season (Huu 2017). 

- Impacts of intensified agriculture practice: 

First, intensified agriculture production, based on increased inputs of human made 
products like pesticides and fertilizers, may decrease the natural productivity of the 
environmental support system on which production ultimately depends (Berg 2002). 
Furthermore, intensive monocultures have been shown to have characteristics that resemble 
stressed ecosystems with low resilience and high vulnerability to diseases and pests. Hence, 
maximized rice production through intensified agriculture practices  may result in short-term 
gains followed by increased risks for large-scale environmental impacts, such as pest and 
disease outbreaks.  

Second, water pollution and soil fertility reduction is also a serious problem because of 
the encouragement of intensive farming in the protected flooding areas (Huu 2011; Howie 
2005). First, the increased use of agrochemical without control has negatively impacted on 
both water and land quality. Moreover, water exchange capacities among rice fields and 
rivers or canals have been limited by the high dyke systems, causing silt reduction together 
with toxicity and agrochemical accumulation in the fields. This is also one of the reasons why 
the total yield from three crops in high dyke system areas is lower than total yield from two 
crops (Howie 2005). Additionally, the volumes of BOD and COD in the protected 
floodplains were higher than those in the unprotected ones, five times and six times 
respectively. The COD criterion was also eight times higher than the allowed standard of 
Vietnam. Second, in area of acid sulphate soil, the leaching practice and the irrigation and 
drainage systems that support for heavy leaching to improve the soil quality have caused the 
acidification of water because the water is then mainly discharged into rivers or canals 
(Howie 2005).  

Moreover, changing in land uses to other land use types that require more fresh water 
for production has led to: Large-scale extraction of fresh groundwater with rates seriously 
depleting the existing fresh groundwater reserves; Salinization of groundwater and surface 
water resources; Land subsidence, with current rates up to several centimeters per year, due 
to groundwater extraction, loading by buildings and infrastructure, and intensive drainage of 
the shallow subsurface; Increased flood risk and flood water depth, resulting in land loss as 
well as damage to buildings and infrastructure. More specifically, intensification of 
agriculture and shifts to multi-cropping, particularly a crop in dry season, have increased the 
dry season water use by which the saline water intrusion has been strengthened. This issue is 
a serious risk for the saline water protection systems if the saline water reaches the freshwater 
intake points of these systems. Second, due to reduction in flooding, there was also a 



36 

reduction in groundwater storage, reducing flooding area in Mekong Delta, for example, by 
19% and reducing 31% groundwater resource in 1993, and 44% and 42% respectively in 
1994, for example (Label and Sinh 2009). This is also a serious issue for poor rural 
households who live far from main channels and use groundwater for their living. 

Poor people are a vulnerable group suffering negative effects as well as have not 
benefited much from the modernization of agriculture. The reasons are that they have 
difficulties in affording the adopting of requirements such as fertilizers or irrigation support 
systems, and they also cannot take advantage of the economic scale because they have such 
small landholdings (Kakonen 2008). Also, a lot of poor people in Kien Giang province do not 
have their own land for cultivating. They live based on the natural resources such as wild 
fish; hence, they are extremely vulnerable for such negative effects.   

4. Methodology 
4.1 Data collection 

4.1.1 Secondary data 

Secondary data have been collected by three main ways. First, internet has been used as 
a tool to search academic articles/reports for literature review in Mekong Delta, in Kien 
Giang province. Second, as an Institute of consulting policies for the governments, the 
working group has had experiences in Mekong Delta in general and in Kien Giang province 
in particular as well as accumulated valuable data supporting for this report. Third, the Sub-
NIAPP directly contacted, making appointments with local governments at both the district 
level and the provincial level to collect secondary data. Following are organizations that the 
working group worked with and kind of data that the working group collected. 

Table 16: List of primary and secondary data sources 

No. Organization Kind of data collected 
1 An Bien Division of  Natural Resources 

and Environment 
- Data for land use types 
- Data for land use planning 
- Policy of land use changes 

2 An Bien Division of Agriculture and 
Rural Development 

- Policy of land use changes 
- Data for agricultural land use types 

3 An Bien Statistical Office - Statistical Yearbook at An Bien district 
4 People Committee at the communal level - Land use changes at the communal 

level: data and spatial distribution 
5 Kien Giang Department of  Natural 

Resources and Environment 
- Data for land use types 
- Data for land use planning 
- Policy of land use changes 

6 Kien Giang Department of Agriculture 
and Rural Development 

- Policy of land use changes 
- Data for agricultural land use types 

7 Kien Giang Department of 
Transportation  

- Road system in Kien Giang province 
and An Bien district 
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No. Organization Kind of data collected 
8 Kien Giang Statistical Office - Statistical Yearbook in Kien Giang 

province 
9 South Institute of Water Resources 

Planning 
- Data for water control system (canals, 
dykes, culverts,...) 

10 Sub- Institute of Agricultural Planning 
and Projection 

- Land suitability evaluation in Kien 
Giang district 
- Net value benefit of agricultural land 
use types 
- Plans of land use, agricultural land use 
in Kien Giang province and An Bien 
district 
- Maps of agricultural land use in 2005, 
2010 and 2015 in Kien Giang province 

4.1.2 Field data collection/interview 

4.1.2.1 Field survey questionnaires 

- Sample size: Due to the time and budget availability, 50 households were selected for 
the interview survey according to the recommendation in the Guideline for data collection (at 
50 samples at minimum in each category).  

- Allocation of sample size: As a result of consulting with local key informants (the An 
Bien local government), three sub-regions in An Bien district that have a same timeline on 
land use shifting from 2-3 paddy crops to paddy-shrimp farming were divided. Also, based on 
area of paddy-shrimp farming of each sub-region, the size of samples was allocated as 
following: 

⚫ Land use shifting occurred before 2010: mainly in three communes namely Nam Thai 
A, Nam Thai and Nam Yen and a small area along Cai Lon River in Hung Yen and Dong 
Yen communes. In this region, this land use shifting has occurred for a long time, even 
though there are households changing their land use since 2000s. In 2017, area of paddy-
shrimp farming accounted for 66.01% out of total area of paddy-shrimp farming in An Bien 
district (8,941 hectares out of 13,543 hectares). Hence, 30 samples out of 50 samples were 
conducted in this region. 

⚫ Land use shifting occurred from 2011-2015: in inland area of Nam Thai and Nam 
Thai A communes and in area along Cai Lon River in Tay Yen and Tay Yen A communes. In 
2017, area of paddy-shrimp farming accounted for 17.7% of total area of paddy-shrimp 
farming in An Bien district (2,397 hectares out of 13,543 hectares). Hence, 12 samples out of 
50 samples were conducted in this region. 

⚫ Land use shifting occurred after 2015 (in 2016 up to now): mainly in area along Cai 
Lon river in communes namely Tay Yen, Tay Yen A, Hung Yen, Dong Yen and Dong Thai. 
Land use shifting in this sub-region occurred later compared to two above sub-regions. In 
2017, area of paddy-shrimp farming accounted for 16.29% of total area of paddy-shrimp 
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farming in An Bien district (2,206 hectares out of 13,543 hectares). Hence, 8 samples out of 
50 samples were conducted in this region. 

Interviews were conducted with one adult shrimp farmer who responded on behalf of 
each household. All interviews were semi-structured and interview questionnaires were 
composed of both open ended and closed questions. Interviewers and participants 
communicated in Vietnamese during face-to-face interviews. All collected data and 
information was then transfer from paper questionnaires to the app built by MRC.  The 
qualitative data was summarized, categorized, and grouped according to the techniques of 
Fielding and Fielding (1986), and Leedy and Ormrod (2001). 

Table 17: Allocation of questionnaire survey in relation with time of land use changes 

Communes Questionnaire code Total Before 
 2000 

2001 
-2005 

2006 
-2010 

2011 
-2015 

After  
2015 

Total  50 1 7 22 12 8 
1. Nam Thai A VN 001 - VN 010 10  1 7 2  
2. Nam Thai  VN 011 - VN 020 10 1 6 1 2  
3. Nam Yen VN 021 - VN 030 10   10   
4. Tay Yen VN 031 - VN 035 5    3 2 
5. Tay Yen A VN 036 - VN 040 5    4 1 
6. Hung Yen VN 041 - VN 045 5   2  3 
7. Dong Thai  
    and Dong Yen VN 046 - VN 050 5   2 1 2 

- Field survey time: Field survey questionnaires were conducted in two weeks, from 
18 June to 27 June 2018 in 8 communes in An Bien district. 

4.1.3. Focus group discussion 

Participants recruited for the surveys were drawn from the sample of interviewees who 
had been individually interviewed previously. The participants involved in the focus groups 
were senior shrimp farmers who had been living in the communes for a long time and 
experienced in the land use change from 2 paddy crops to paddy shrimp farming. The 
selection process was based on that of Morgan and Krueger (1998) and Krueger (2015). One 
focus group was facilitated comprising 08 participants including: one participant from An 
Bien DORNE, one from An Bien DARD, 6 representative farmers from 6 communes who are 
experienced in the agricultural land use change (06 communes: Nam Thai A, Nam Thai, Nam 
Yen, Tay Yen, Tay Yen A, Hung Yen). A face-to-face focus group was conducted in 
Vietnamese and note taking occurred during the focus group meeting. The focus group 
members discussed on trends and times of the land use change from 2 paddy crops to paddy 
shrimp farming, current and potential driving forces of this land use change, impacts of this 
land use change and potential adaptation measures. The focus group members also discussed 
to provide suggestions to government policy as well. Finally, the results were collected and 
analyzed to find the trend of the land use change, its driving forces, its socio-economic and 
environmental impacts.  

4.1.4 Composition of the team 

There are four main team members in our group working as following: 
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(1). Dr Le Canh Dinh: a senior staff as focal point and supervisor; 

(2). MSc. Pham Thi Nhi: a researcher on agricultural land use/ land use change mapping; 
(3). MSc. Phan Ngoc Truong: a researcher on agricultural land use/ land use change 

mapping; 

(4). MSc. Nguyen Vinh Hung: a researcher on socio-economic aspect of rural development.  

4.2 Data analysis 

Based on MRC LULC maps in 2003 and 2010, Sub-NIAPP has improved maps and 
geospatial database to generate land cover maps in 2005, 2010 and 2015 and two maps of 
land cover changes in the period 2005-2010 and 2010-2015. These maps are distributed in 
shape file format. From that, datasets of land uses and land uses changes in Kien Giang 
province were extracted into Excel worksheets to deeper examine and analyze land uses and 
land use changes in this province. Also, literature review is the main way to examine driving 
forces and impacts of land use changes in Kien Giang province.  

Moreover, as mentioned above, all collected data and information in traditional paper 
questionnaires was transcribed into the app built by MRC as well as into the Excel 
worksheets for further and deeper analysis. The qualitative data was summarized, 
categorized, and grouped according to the techniques of Fielding and Fielding (1986), and 
Leedy and Ormrod (2001).  

4.3 Case study 

The literature review has showed that during the last periods, the land use change from 
rice paddy to paddy shrimp farming was notable in Kien Giang province in particularly and 
in Mekong Delta in general. Area of paddy shrimp farming in 2015 in Mekong Delta is about 
2 times higher compared to 2000, increasing from 70,000 hectare to 152,977 hectare and 
mainly shifting from land of paddy crops (AMDI 2016). Of which, in 2015, Kien Giang 
province accounted for the highest percentage with 45.31% out of total paddy shrimp farming 
area (AMDI 2016). According to Kien Giang DORNE (2017), area of land use change from 2 
paddy crops to paddy shrimp farming in the period 2005-2015 in Kien Giang province is 
9,761ha; and according to extracted data from maps, this number is 18,253 ha in the period 
2010-2015. With the purpose of examining driving forces promoting this land use change as 
well as its impacts to local people livelihoods, the land use change from paddy rice to rice 
shrimp farming was chosen as a case study.  

Additionally, U Minh Thuong region is one of two regions where this land use change 
significantly occurred during the last periods. An Bien district is one of three districts in this 
region experiencing this land use change in large number area and spatial distribution.  

Altogether, the land use change from 2 paddy crops to rice shrimp farming in An Bien 
district was chosen as a case study to examine driving forces of this land use change and its 
impacts to local people’s livelihood. 
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5. Result of the study 
5.1 Agricultural land use changes in Kien Giang province 

Following is the table of land use and land use change in the period 2005-2015 in Kien 
Giang province with the source extracted from maps of agricultural land use.  

Table 18: Land use and land use change  
in Kien Giang province during the period 2005-2015 

Land cover type Map 
code 

Year 2005 Year 2010 Year 2015 Land use  
area variation 

Area 
(hectare) 

Percentage 
(%) 

Area 
(hectare) 

Percentage 
(%) 

Area 
(hectare) 

Percentage 
(%) 

2010-
2005 

2015-
2010 

Total  566,709 100.00 569,825 100.00 569,330 100.00 3,1161 -4952 
Annual crop 4 6,088 1.07 4,782 0.84 4,631 0.81 -1,306 -151 
Paddy rice 5 362,366 63.94 323,894 56.84 311,135 54.65 -38,472 -12,759 
Paddy shrimp farming 5a   67,323 11.81 85,576 15.03 67,323 18,253 
Orchard 7 54,967 9.70 47,048 8.26 45,966 8.07 -7,919 -1,082 
Flooded forest 8 56,720 10.01 39,858 6.99 35,826 6.29 -16,862 -4,032 
Urban area 11 25,196 4.45 26,292 4.61 27,158 4.77 1,096 866 
Bare soil 12 2,376 0.42 3,873 0.68 3,736 0.66 1,497 -137 
Broadleaved evergreen 
forest 15 1,911 0.34 1,889 0.33 1,889 0.33 -22  
Mangrove 19 5,332 0.94 5,343 0.94 5,430 0.95 11 87 
Marsh/swamp area 20 19,679 3.47 21,027 3.69 21,745 3.82 1,348 718 
Aquaculture 21 30,819 5.44 27,219 4.78 24,961 4.38 -3,600 -2,258 
Water body 23 1,255 0.22 1,277 0.22 1,277 0.22 22  

Source: Data extracted from the maps of agricultural land use in Kien Giang in 2005, 2010 and 2015, Kien 
Giang DORNE and DARD.Actually, in 2005, there was a land use change from rice paddy to rice shrimp farming 
already; however, due to unavailable data, this report cannot extract area of shrimp farming in this year. 

Out of 19 land cover types, there have been 12 land cover types in Kien Giang. Overall, 
according to the data extracted from the maps, there has been a decrease in area of 6 land use 
cover types and increase in 6 land use types. Also, there has been an increase of total land 
area as a result of expanding of mudflat area in the period 2005-2010, and a decrease of 495 
hectare in the period 2010-2015 as a result of modifying map data. 

In 2005, paddy rice was the dominant type of land cover across this province, 
accounting for 63.94% of total area. Flooded forest was the next most common type of land 
cover (10.01%), following by orchard (9.7%), aquaculture (5.44%), other land cover types 
including broadleaved evergreen forest, urban area, marsh/swamp area, annual crop, water 
body account for small percentage out of total.  In 2010, paddy rice was still the dominant 
type of land cover in this province, accounting for 56.84% of total area, following by paddy 
shrimp farming with 11.81%. Orchard was the next most common type of land cover (8.26%) 
and water body was the least common type with only 0.22%. In 2015, paddy rice still 
remained the highest percentage out of total with 54.65%, following by paddy shrimp 
farming and orchard with 15.03% and 8.07%, respectively.  

                                                 
1 As a result expanding of mudflat area 
2 As a result of modifying map data 
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Figure 10: Distribution of land cover types in Kien Giang province  
in 2005, 2010 and 2015 (Unit:%) 

 

 

 

Figure 11: Land cover map 2005 in Kien Giang (mainland area)  

Source: Sub-NIAPP 2010 



42 

 

 

 

 

Figure 12: Land cover map 2010 in Kien Giang province (mainland area) 

Source: Sub-NIAPP 2010 
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(1) Land for annual crop (Map code 4): In Kien Giang, annual crop such as 
vegetables, flowers and ornamental plants, oil bearing crops,… mainly locates in the 
residential area.  Area of annual crop only accounted for a small part out of total land in Kien 
Giang, only 1.07%, 0.84% and 0.81% in year 2005, 2010 and 2015, respectively. There has 
been a slight decrease in this kind of land in the period 2005-2015. In the period 2005-2010, 
this land use type mainly shifted to area of paddy rice with 1,985 hectare, accounting for 
70.19% total decrease area of this land. Moreover, there was an increase of 1,526 hectare 

Figure 13: Land cover map 2015 in Kien Giang province (mainland area) 

Source: Sub-NIAPP 2015 
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mainly from area of paddy rice (630 hectare), of orchard (270 hectare) and flooded forest 
(561 hectare). In the period 2010-2015, there has not been too much change in this land cover 
type. 

(2) Land for rice paddy (Map code 5):  this land cover type has remained the highest 
proportion out of total area during the period 2005-2015 in Kien Giang with 63.94%, 56.84% 
and 54.64% in 2005, 2010 and 2015, respectively. Overall, there has been a decrease in this 
land cover type, 38,472 hectare in the period 2005-2010 and 12,759 hectare in the period 
2010-2015.  

Total shifting area from rice paddy to other land cover types was 71,759 hectare during 
the period 2005-2010 and 19,351 hectare during the period 2010-2015. Specifically, in the 
period 2005-2010, land for rice paddy was mainly shifted to area of shrimp farming with 
59,556 hectare, accounting for 82.9% decreased area and occurred in U Minh Thuong sub-
region in Kien Giang province (districts: An Bien, An Minh, and Vinh Thuan); shifting to 
orchard (such as pineapples in Kien Luong, Vinh Thuan, Chau Thanh districts; peppers in Go 
Quao district); mangosteen in Go Quao district) with 2,325 hectare, to flooded area with 
3,198 hectare in Kien Luong district (Long Xuyen Quadrangle sub-region). In the period 
2010-2015, this shifting number was still mainly to shrimp farming with 18,137 hectare, 
accounting for 93.73% total shifting area. This shifting expanded in spatial compared to the 
period 2005-2010 in U Minh Thuong sub-region (An Bien district and U Minh Thuong 
district) and occurred in a sub-region in Kien Giang namely Long Xuyen Quadrangle (in 
Kien Luong district). The shifting are in this period was followed by marsh/swamp area and 
other land use types including orchard, urban area.   

Also, there were shifts from other land cover types to rice paddy with total area was 
33,287 hectare and 6,589 hectare in the period 2005-2010 and 2010-2015, respectively. First, 
there was a dramatic increase in area of rice paddy from an area of 17,904 hectare flooded 
forest that accounted for 53.79% out of increased paddy rice in the period 2005-2010 while 
this increased number during the period 2010-2015 is only 514 hectare. This shift mainly 
occurred in Kien Luong and Hon Dat districts and a small area in An Minh and U Minh 
Thuong districts where forest was extracted and shifted to rice paddy that brings higher 
benefit for local people. This trend of land use change was considered one of notably land use 
changes during the period in Kien Giang province. Second, in the period 2005-2010, area of 
rice paddy increased as a result of shifting from other land uses; including: 1,985 hectare 
from annual crop, 5,374 hectare from orchard, 6,530 hectare from aquaculture and others 
land use types with smaller area. Area shifting from aquaculture to rice paddy occurred in the 
Kien Luong and Hon Dat districts, belonging to the Long Xuyen Quadrangle sub-region. 
Third, there was a shift from shrimp-farming to rice paddy in the period 2010-2015 with 
5,946 hectare in Vinh Thuan district where there was a reserve direction in the period 2005-
2010. The main reason for this land use change was a lack of salt water supplying for shrimp 
farming. 

However, compared to data from MORNE, area of rice paddy has increased during the 
period 2005-2015 as a result of shifting mainly from bare soil and from flooded forest, with 
an increase of 24,160 hectare and 18,440 hectare, respectively. 
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(2a) Land for paddy shrimp farming (Map code 5a): during the period 2005-2015, 
there was a significant increase in area of this land use, mainly from area of rice paddy. Due 
to unavailable data of this land use in 2005, the report will not analyze the trend of this land 
use in the period 2005-2010; however according to the literature review, local people have 
cultivated the paddy shrimp since the 2000s. The area of this land cover was 67,323 hectare, 
accounting for 11.81% of total land area in Kien Giang in 2010 and 85,576 hectare, 
accounting for 15.03% in 2015. This land use type was mainly distributed in two sub-regions 
namely U Minh Thuong and Long Xuyen Quadrangle in which the land use shifting occurred 
in U Minh Thuong sub-region sooner than in Long Xuyen Quadrangle.  

The increased area shifting from other land cover types to shrimp farming in 2005-2010 
was 33,287 hectare. In the period 2010 – 2015, there was an increase of 24,608 hectare in this 
land use type. In which, area shifting from paddy rice was 18,137 hectare (accounting for 
93.73% of total increased land), from flooded forest was 3,393 hectare (accounting for 
13.79% of total increased land) in An Minh district and a small area in Kien Luong district 
and from aquaculture was 2,286 hectare (accounting for 9.29% of total increased land) in 
Kien Luong district.  

 

 

 

Figure 14: Map of land cover changes  
in Kien Giang between 2005 and 2010 

(mainland area) 

Figure 15: Map of land cover changes  
in Kien Giang between 2010 and 2015 

(mainland area) 



46 

Table 19: Confusion matrix for land cover changes in Kien Giang between 2005 and 2010 (Unit: hectare) 

Land cover type Map 
code 

Year  
2005 4 5 5a 7 8 11 12 15 19 20 21 23 Decrease Increase/ 

Decrease 
Year  
2010 

Total   566,709                             569,825 
Annual crop 4 6,088 3,263 1,985 238 208 217 89 7   2 30 49   2,825 -1,306 4,782 
Paddy rice 5 362,366 629 290,607 59,556 2,325 3,198 1,643 496   78 1,056 2,773 5 71,759 -38,472 323,894 
Paddy shrimp farming 5a                             67,323 67,323 
Orchard 7 54,967 201 5,374 5,484 42,255 604 630 1 55 11 84 257 11 12,712 -7,919 47,048 
Flooded forest 8 56,720 602 17,904 1,647 563 34,863 151 4   70 402 483 31 21,857 -16,862 39,858 
Urban area 11 25,196 42 170 46 1,327 13 22,899 7 75 28 404 161 24 2,297 1,096 26,292 
Bare soil 12 2,376   904 80 3 433   90 49 25 47 745   2,286 1,497 3,873 
Broadleaved evergreen forest 15 1,911       34 8 134 33 1,702         209 -22 1,889 
Mangrove 19 5,332   1 19 14 18 69 24  5,105 13 69   519 -281 5,343 
Marsh/swamp area 20 19,679   362 48 33 13 72 81   6 18,527 527 10 1,152 1,348 21,027 
Aquaculture 21 30,819 43 6,530 205 279 491 588 14   18 437 22,146 68 8,673 -3,600 27,219 
Water body 23 1,255 2 57   7   17   8   27 9 1,128 127 22 1,277 
Others   3,116             3,116           3,116     
Increase     1,519 33,287 67,323 4,793 4,995 3,393 3,783 187 238 2,500 5,073 149 127,532     

Table 20: Confusion matrix for land cover changes in Kien Giang between 2010 and 2015 (Unit: hectare) 

Land cover type Map 
code 

Year  
2010 4 5 5a 7 8 11 12 15 19 20 21 23 Decrease Increase/ 

Decrease 
Year 
 2015 

Total   569,825                             569,330 
Annual crop 4 4,782 4,631   151                   151 -151 4,631 
Paddy rice 5 323,894   304,543 18,137 47   19       1,148     19,351 -12,762 311,135 
Paddy shrimp farming 5a 67,323   5,946 60,968 230 40 10         129   6,355 18,253 85,576 
Orchard 7 47,048   15 505 45,639   832       49 8   1,409 -1,082 45,966 
Flooded forest 8 39,858   514 3,393   35,786 19     17 129     4,072 -4,032 35,826 
Urban area 11 26,292   33 33 6   26,088     78 30 24   204 870 27,158 
Bare soil 12 3,873     101 36     3,736           137 -137 3,736 
Broadleaved evergreen forest 15 1,889               1,889             1,889 
Mangrove 19 5,343       8         5,335       8 87 5,430 
Marsh/swamp area 20 21,027   81 2     194       20,750     277 1,180 21,745 
Aquaculture 21 27,219     2,286             101 24,832   2,387 -2,226 24,961 
Water body 23 1,277                       1,277     1,277 
Increase      6,589 24,608 327 40 1,074     95 1,457 161   34,351     
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(3) Orchard (Map code 7): As the distribution of annual crop, land for orchard 
(coconut, pineapples, peppers, mangosteen, mango…) in Kien Giang mainly locates in the 
residential area. Area of this land use type ranked third in total land in Kien Giang, 
accounting for 9.7%, 8.26% and 8.07% in year 2005, 2010 and 2015, respectively. There has 
been a decrease in this kind of land during the period 2005-2015, from 54,967 hectare in 
2005 to 47,408 hectare in 2010 and to 45,966 hectare in 2015.  

As for the increased area of this land use from other land use types, this total increased 
area was 4,793 hectare and 327 hectare in the period 2005-2010 and 2010-2015, respectively. 
In which, in the period 2005-2010, area of orchard was shifted from 208 hectare annual crop, 
2,325 hectare paddy rice that was scattered near residential areas, 563 hectare flooded forest; 
an increased area in the period 2010-2015 was mainly from paddy shrimp farming with 230 
hectare, accounting for 70.34% of total increased area.  

Regarding a 12.712 hectare decrease to other land use types in the period 2005-2010, 
this land use type mainly shifted to area of paddy rice with 5,374 hectare, accounting for 
42.28% total decreased area of this land; to paddy shrimp farming with 5,484 hectare, 
accounting for 43.14%; to flooded forest with 604 hectare, urban area with 630 hectare. The 
increased number in the period 2010-2015 was smaller, only 1,409 hectare and was mainly to 
area of urban area (832 hectare, remaining 59.05%) and to paddy shrimp farming (505 
hectare, accounting for 35.84%).  

(4) Flooded forest (Map code 8): Flooded forest was centrally distributed in two sub-
regions including U Minh Thuong and Long Xuyen Quadrangle sub-regions and a small area 
in Western Hau river sub-region (Giong Rieng district). During the period 2005-2015, there 
was a significant decrease in area of this land cover type, decreasing from 56,720 hectare in 
2005 (remaining 10.01% total land area in Kien Giang) to 39,858 hectare in 2010 (remaining 
6.99% total land area in Kien Giang) and to 35,826 hectare in 2015 (remaining 6.29% total 
land area in Kien Giang). The data showed that this land cover type dramatically decreased in 
the period 2005-2010, about forth folds compared to the period 2010-2015. 

In the period 2005-2010, this land cover type decreased by 21,857 hectare, mainly 
shifted to paddy rice with 17,904 hectare, accounting for 81.91% of decreased area, shifting 
to rice shrimp farming 1,647 hectare and shifting to other land use types such as annual crop, 
orchard, mangrove,… Also, flooded forest increased by 4,995 hectare as a result of shifting 
from other land use covers: from rice paddy 3,198 hectare (accounting for 64.02% of total 
increased area), from orchard 604 hectare, from bare soil 433 hectare, from aquaculture 491 
hectare,… 

In the period 2010-2015, this land cover type decreased by 4,072 hectare, mainly 
shifted to paddy shrimp farming with 3,393hectare, accounting for 83.33% of decreased area. 
This shifting occurred mainly in An Minh district, belonging to the U Minh Thuong sub-
region. Moreover, flooded forest increased by 40 hectare as a result of shifting from paddy 
shrimp farming.  

As mentioned above, land use shifting from flooded area to rice paddy was one of main 
and notable land use changes in Kien Giang province during the last two periods. This land 
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use change significantly occurred in Long Xuyen Quadrangle including two districts namely 
Hon Dat and Kien Luong. This land use shifting is one of main reasons which resulted in an 
increase in area of paddy rice in Kien Giang during the last periods as well. 

(5) Urban area (map code 11): as a result of socio-economic development, area of 
urban area was expanded during two periods, increased by 1,096 hectare in the period 2005-
2010 and by 866 hectare in the period 2015-2020. Apart from urban area where there are high 
density of population such as in Rach Gia city, Ha Tien district, due to characteristics of 
population distribution in Mekong Delta in general and in Kien Giang in particular that was 
centrally along the canals in rural area.  

(6) Bare soil (Map code 12): As a result of expanding from area of mudflats along the 
seaside and exploiting this land for other uses that are mainly for agricultural and aqua- 
cultural purposes, overall, there was an increase in area of bare soil, increased by 1,497 
hectare in the period 2005-2010. Specifically, in the period 2005-2010, 2,286 hectare of bare 
soil was exploited for other uses such as: for rice paddy 904 hectares, for flooded forest 433 
hectare, for aquaculture 745 hectare; in the period 2010-2015, the area of bare soil exploited 
was 137 hectare, mainly for rice shrimp farming 101 hectare and for orchard 36 hectare. 
Besides, bare soil increased by 3,783 hectares, mainly shifting from mudflats 3,116 hectare, 
from paddy rice 496 hectare and other land cover types such as marsh/swamp area, 
broadleaved evergreen forest,… Increasing area of bare soil from mudflat is also a reason for 
increasing in total land in Kien Giang during the last periods as well.  

(7) Broadleaved evergreen forest (Map code 15): This land use type located in the 
hilly area of two districts namely Kien Luong and Hon Dat, belonging to the Long Xuyen 
Quadrangle sub-region. Overall, area of this land cover type was 1,911 hectare in 2005, 
decreasing to 1,889 hectare in 2010 and remaining this area until 2015. Specifically, in the 
period 2005-2010, this land use type increased by 187 hectare as a result of shifting from area 
of orchard 55 hectare, urban area 75 hectare, bare soil 49 hectare, and from water body 8 
hectare. This land cover type shifted 209 hectare to other land cover types, such as urban area 
134 hectare, to bare soil 33 hectare, orchard 34 hectare,… 

(8) Mangrove (Map code 19): This land cover type located along the seaside in 6 out 
of 13 mainland districts in Kien Giang. According to the data extracted from the maps, 
compared to other land cover types, there was not a significant change in this land cover type. 
Overall, this land cover type increased by 11 hectare in the period 2005-2010 and 87 hectare 
in the period 2010-2015. To be more specific, in the period 2005-2010, area of mangrove 
increased 238 hectare as a result of shifting from paddy rice 78 hectare, from flooded forest 
70 hectare, from bare soil 25 hectare, from aquaculture 18 hectare… This land use type also 
decreased by 227 hectare due to shifting to urban area 69 hectare, to marsh/swamp  69 
hectare… In the period 2010-2015, this land use type increased by 95 hectare, including from 
urban area 78 hectare, from flooded forest 17 hectare,… this land use type also shifted to 
orchard 7 hectare in this period as well. 

(9) Marsh/swamp area (Map code 20): As other provinces in the Mekong Delta, the 
density of canals in Kien Giang is high and widely distributed across the province. Area of 
this land cover type in 2005 was 19,679 hectare, accounting for 3.47% of total area in Kien 
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Giang province, climbing to 21,027 hectare in 2010 and to 21,745 hectare in 2015. Beside 
area of this land use type increased due to error in map generating, investment of dredging 
and digging canal network for transportation and agricultural purposes and local people 
renovated for cultivating in Kien Giang province during the last periods are also reasons for 
increasing area of this land cover type as well.  

(10) Aquaculture (Map code 21): Aquaculture was centrally distributed in three 
districts Ha Tien, Kien Luong and Hon Dat, belonging to the Long Xuyen Quadrangle sub-
region with industrial and semi-industrial shrimp farming and a small area in An Bien, An 
Minh and Vinh Thuan, belonging to the U Minh Thuong sub-region with both industrial and 
semi-industrial shrimp farming and freshwater fish farming. During the period 2005-2015, 
there was a decrease in area of this land cover type, decreasing from 30,819 hectare in 2005 
(remaining 5.44% total land area in Kien Giang) to 27,219 hectare in 2010 (remaining 4.78% 
total land area in Kien Giang) and to 24,961 hectare in 2015 (remaining 4.38% total land area 
in Kien Giang). 

In the period 2005-2010, this land cover type decreased by 8,673 hectare, mainly 
shifted to paddy rice with 6,530 hectare which accounted for 75.29% of decreased area, 
shifting to urban area 588 hectare, and shifting to other land use types such as annual crop, 
orchard, flooded area,… Shifting from aquaculture to paddy rice occurred in the Long Xuyen 
Quadrangle sub-region, mainly in area of the Southern of the National Road 80 in Kien 
Luong district and a smaller area in Hon Dat district. Also, aquaculture increased by 5,073 
hectare as a result of shifting from other land use covers: from rice paddy 2,773 hectare  
which accounted for 54.66% of total increased area, from bare soil 745 hectare, from 
marsh/swamp area 527 hectare,… The increased area of aquaculture from paddy rice was in 
Ha Tien district (belonging to the Long Xuyen Quadrangle sub-region) and in Vinh Thuan 
district (belonging to the U Minh Thuong sub-region). 

In the period 2010-2015, this land cover type decreased by 2,387 hectare, mainly 
shifted to paddy shrimp farming with 2,286hectare which accounted for 95.77% of decreased 
area. This shifting occurred mainly in An Minh district, belonging to the U Minh Thuong 
sub-region. Moreover, aquaculture increased by 161 hectare, mainly shifting from paddy 
shrimp farming (129 hectare) as well. 

(11) Water body (Map code 23): Area of water body such as rivers, canals, reservoirs 
was 1,255 hectare in 2005 and 1,277 hectare in 2010 and remained until 2015. This land 
cover type accounted for 0.22% of total land in Kien Giang, remaining the lowest area in all 
land cover types in Kien Giang province. 

The areas and spatial distribution of land cover type and land use change are presented 
in the Table 19 and Table 20 and Figures 11-15. Overall, there were main trends in land use 
shifts with large area during the period 2005-2015 in Kien Giang province as following: 

- Paddy rice to rice shrimp farming 

- Paddy rice to aquaculture 

- Paddy rice to orchard 
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- Paddy rice to flooded forest 

- Paddy shrimp farming to paddy rice 

- Flooded forest to rice paddy 

- Flooded forest to rice shrimp farming 

- Orchard to paddy rice 

- Orchard to paddy shrimp farming 

- Aquaculture to rice paddy  

- Aquaculture to rice shrimp farming 

- Bare soil to aquaculture. 

These main trends of land use shifts are appropriate to the official data sourced from 
Kien Giang DORNE. Areas having significant land cover changes were two sub-regions 
namely U Minh Thuong including An Bien, An Minh, and Vinh Thuan districts; and Long 
Xuyen Quadrangle including Ha Tien, Kien Luong and Hon Dat district. While Long Xuyen 
Quadrangle sub-region have had significant changes in land for flooded forest and rice 
shrimp farming, U Minh Thuong sub-region have had mainly changes in land for rice shrimp 
farming. 

5.2 Case study 

5.2.1 Description of the case study 

Located in the southwest of Kien Giang province, An Bien district covers 40,029 
hectares; of which 84% of total land (about 33,629 hectares) is currently used for agricultural 
production. The population is approximately 126,430 persons and their main income has been 
from rice production and aquaculture. 

Figure 16: Geographical location of An Bien district in Kien Giang province 
 

 

 

An Bien district in Kien Giang province 

 



51 

 

 

 

In An Bien district, the land use change from 2 paddy crops to paddy shrimp farming 
began in the early 2000s in areas along the West Sea, particularly in communes namely Nam 
Thai A, Nam Thai and Nam Yen. Gradually, there has been an encroachment to inland areas. 
In 2017, this farming system has accounted for the largest portion of agricultural land with 
14,690 ha, which, in turn, leads to an increase of nearly 14,000 hectares during the period 
2005-2016. According to the local government, this land use change from 2 paddy crops to 
rice-shrimp farming is projected to continue occurring in several areas when local 
government releases a policy that permits farmers change their agricultural land use from 
paddy crops to paddy-shrimp farming. In line with the provincial plans to increase the shrimp 
production by 2020, projections for An Bien district show an increase of rice-shrimp farm 
area to a total of 25,000 hectares, and a decrease of rice cultivation area to only 2,930 
hectares in 2020.  

Following is the calendar of rice paddy crops and paddy shrimp farming in An Bien 
district (a result from the focus group). There can have a little change in the calendar 
depending on location affected by saline water and rainy season. 

Figure 17: The calendar of 2 paddy crops and paddy shrimp farming 
Content Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Saline water x xx xx xx        x 

Rainy season             

2 paddy crops             

Paddy – shirmp farming 

Rice             

Shrimp             

2 paddy crops in An Bien were cultivated in both wet and dry season, Winter-Spring 
crop and Summer-Autumn crop. During the wet season (for Summer-Autumn crop), farmers 
prepare the land in late June, sow seeds in early July, weed the fields in early August, harvest 
and thresh in late October. For the dry season (for Winter-Spring crop), they start preparing 
the land in October and harvest in January.  

As for paddy shrimp farming, farmers have adapted this system and there can be an 
annually slight adjustment in the calendar based on annual rainy season. In this crop system, 
shrimp are raised during the dry season (January to early August) and rice is grown in the 
rainy season (August to December). By the end of the shrimp crop, the saline water that 
accumulates during the dry season must be flushed out of the shallow ponds to prepare them 
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for growing rice. Rice fields are designed with a trench, providing a refuge for the shrimps 
during rice production with a protective dike around the periphery of each field. Also, since 
most machine-aided solutions to remove saline soil prior to growing rice are too expensive 
for the average farmer, they depend instead on wet season rainfall to flush salt out of the 
ground and successfully transition from shrimp to rice. However, increasingly unpredictable 
rainfall and salinity levels have led to losses in both rice and shrimp production. Some 
adjustments with the seasonal calendar are possible but climate extremes make the system 
sub-optimal.  

In this alternating rice-shrimp system, natural feeds account for a large part of the 
nutrients of the shrimp, so fertilizers must be applied during the first 10-15 days to color the 
water to foster algal growth to create a source of feed for the shrimp. During the second 
month, industrial feeds are added twice per day. Technical knowledge is very important for 
the success of shrimp farming. After 4 months, when the shrimps reach the size of 30-35 
shrimps per kilogram, they can be harvested by draining all water out from the land.  

The rice and the shrimp support each other in that the shrimp farming add nutrients to 
the soil while the rice helps cleanse the environment for the next shrimp crop as well as rice’s 
roots provides food for shrimp. The rice varieties suitable for this farming system are those 
tolerant to acidity and salinity such as OM 2517, BTE-1, GKG1, GKG 9, OM 5451… 

5.2.2 Findings from the case study 

(1). General information 

As the household is a research unit of this case study, the household characteristics of 
this survey sample are presented in Table 19. Characteristics such as age, educational level, 
gender, household size give an indication of the sample’s demographics and providing more 
background information of the research area. 

Table 21: Profile of respondents and households in the study site (n=50) 

No Variables  persons Percentage 
(%) 

A Head of the household    
1 Gender Male 44 88.0 
  Female 6 12.0 
2 Age 30-39 9 18.0 
  40-49 16 32.0 
  50-59 17 34.0 
  60 and above 8 16.0 

B Respondent    
1 Status in households Head of household 39 78.0 
  Wife 7 14.0 
  Son 3 6.0 
  Daughter 1 2.0 
2 Age Less than 30 1 2,0 
  30-39 13 26.0 
  40-49 17 34.0 
  50-59 13 26.0 
  60 and above 6 12.0 
3 Gender Male 37 74.0 
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No Variables  persons Percentage 
(%) 

  Female 13 26.0 
4 Marital status Married 43 86.0 
  Widow 5 10.0 
  Single 2 4.0 
5 Religion Buddhism 1 2.0 
  Irreligion 49 98.0 
6 Citizenship Vietnamese 50 100.0 
7 Education level Completed less than high school 38 76.0 

  
Received high school diploma or 
equivalent 12 24.0 

C Household size (Average) 4.16  
D Cultivated years (Average)  18.16 years 

In terms of the head of households, the majority is male with 44 persons, accounting for 
88% while female only accounted for 12%. Age of the head of household from 40-49 and 50-
59 ranked first and second, 32% and 34%, respectively; age from 30-39 are 9 persons, and 60 
and above are 8 persons.  

Regarding respondents, 39 out of 50 persons are heads of household, 7 persons are 
wife, 3 persons are sons and 1 person is a daughter. The age distribution of the respondents is 
1 person less than 30, 13 persons from 30-39, 17 persons from 40-49, 13 persons from 50-59 
and 6 persons aged above 60. The highest level of education for most respondents was 
completed less than high school, accounting for 76% while only 24% of respondents received 
high school diploma or equivalent. 

78%

14%
6%

2%

Head of household Wife Son Daughter

2%

26%

34%

26%

12%

Less than 30 30-39 40-49

50-59 60 and above

Figure 21: Age of respondents (n=50) 

18%

32%34%

16%

30-39 40-49 50-59 60 and above

88%

12%

Male Female

Figure 18: Age of head households (n=50) Figure 19: Gender of head households (n=50) 

Figure 20: Status of the respondents in 
relation with the household heads (n=50) 
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 An average member in the respondents’ households is 4.16 persons per a household, 
with the highest is 11 members in a household and the lowest is 1 member in a household. 
The following figure will present in detail. 

Figure 22: Number of members in the households (n=50) 

 
Respondents have cultivated for a long time in An Bien district. Out of 50 

questionnaires, only four out of 50 farmers have cultivated in their land below 10 years while 
40 respondents (80% of total) have cultivated over 10 years, even up to 35 years. 

Figure 23: For how long have your family been cultivating/utilizing in this land?  
(In years; n=50) 
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(2). Agricultural land use 

Households in the field survey have changed their land uses in different times, ranging 
from 1997 to 2016 and depending on their geographical location of their farms compared to 
the West Sea and Cai Lon River. Out of 50 questionnaires, there are 8 households changing 
their land uses before 2005, even there is one household changing their land use in 1997; 22 
households changed their land uses in the period 2006-2010; 12 households changed their 
land uses in the period 2011-2015 and 08 households changed their land uses in 2016. 
Additionally, according to the results of semi-interview and focus group, the land use change 
from 2 paddy crops to paddy shrimp farming in An Bien district occurred in the early 2000s 
in areas along the West Sea, particularly in communes namely Nam Thai A and Nam Thai, 
then encroachment to area of Nam Yen and a small area along Cai Lon river in Tay Yen, Tay 
Yen A and Hung Yen communes. Gradually, area of paddy shrimp farming has been 
expanded into inland areas.  

Figure 24: Year when farmers changed their land uses (n=50) 

 
Year changed 1997 2002 2003 2005 2006 2008 2009 2010 2011 2012 2013 2014 2015 2016 
Households 1 1 5 1 2 3 7 11 1 1 3 2 4 8 

The average farm size of households’ respondents is 2.376 hectares per a household, 
ranging from very small (0.2 hectares) to very large (10 hectares). Also, out of 50 
households, 10 households having their area of land cultivation is 2 hectares, accounting for 
the highest of total (20%). The below figure will present in detail. 
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Figure 25: The farm size of households’ respondents (n=50) 

 
Households obtained their land by inheritance and/or bought; of which, 40% is 

inheritance, 24% bought and 36% of household is both bought and inheritance. Additionally, 
100% households have official documents. It can be certificate of land use rights and/or 
purchase and sale contracts.  

Figure 26: The way households obtaining their lands (n=50) 

 
There has been a change in markets for selling product of farmers. Previously, when 

cultivating 2 paddy crops, farmers directly sold their product to merchant in their fields. Of 
which, 98% the market of farmers are merchants, only 2% (1 out of 50 households) is local 
market. However, when cultivating paddy shrimp farming, their markets have become more 
diversified. It can be merchants, local market or distributors. Specifically, 54% households 
sold their products to merchants; 40% sold to both local market and merchants, 2% sold to 
local market, merchant, distributor; and local market, distributor; and local market for each. 
In case of selling products for both local market and merchants, local markets are location for 
farmers selling shrimps while rice is often sold through merchants. There are households are 
merchants or small venders so they become distributors for their products. Although there are 
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various markets for farmers, their products have not been secured yet. As other agricultural 
products, merchants are those who decided the price for the product.  

Figure 27: Households' markets after their land use changes  
(n=50)  

 
In terms of labor used, both labors from family and hired labors are used for 

agricultural production. 22 out of 50 households used labors from both their family and 
hiring, 28 households used labors from their family. Although there has not been a difference 
in using family labor and hired labor between 2 paddy crops and paddy shrimp farming in the 
households, the amount of hired labor and the frequencies of using family labor have been 
different. According to semi-interview with farmers, compared to rice cultivation, shrimp 
farming uses more daily labors. However, daily labors do tasks that are suitable for family 
labors, even women and local people can combine with other their jobs. In the case only 
using family labor, farm machinery and tools are used to support their farm activities. Also, 
to overcome family labor shortages, they hired external labors for rice farming in most stages 
of a crop. Hired labor typically came from the local neighborhood or from neighboring 
communes and were expected to undertake heavy tasks such as dike repair, sowing of rice, 
replanting of young rice (to replace plants that failed to survive after sowing), pest control, 
harvesting, threshing, and transporting of products. Depending on the farm size, the number 
of laborers hired ranged from a few to tens or more. The widespread availability of hired 
laborers suggests that farmers can afford to pay for hired labor to support their rice 
production. 

Annual average yield: For 2 paddy crops, annual average yield varies from 5 tons to 7 
tons per a hectare per a crop or 10 tons to 14 tons per a hectare per a year. Average yield of 
paddy in paddy shrimp farming is lower than in 2 paddy crops system, varies from 3.5 tons to 
5.5 tons per a hectare per a crop. Average shrimp yield per a hectare is 0.39 tons, varies from 
0.05 tons to 0.5 tons per a hectare. For the case 0.05 tons per a hectare is a loss year due to 
saline water causing death shrimp. 
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Figure 28: Annual average yield of shrimp (ton/ha; n=50) 

 
Annual production cost (USD/ha)3: 

There has been a significant difference in annual production cost between 2 paddy crops 
and paddy shrimp farming. Previously, annual production cost varied from 982 USD/ha to 3,385 
USD/ha. After shifting to paddy shrimp farming, this number varies from 577 USD/ha to 4,467 
USD/ha. Out of 50 households, 15 households having annual production cost of paddy shrimp 
farming higher than 2 paddy crops, ranging from 6 to 1,407 USD/ ha. Despite their higher 
production cost, 13 HHs out of 14 HHs had their benefit of paddy shrimp farming higher than 2 
paddy crops, ranging from 1,447 USD/ha to 2,823 USD/ha. Also, 35 households having less 
annual production cost, ranging from -1,713 to -44 USD/ha, which, in turns, contributed to an 
increase of benefit of paddy shrimp farming compared to 2 paddy crops.   

Figure 29: Comparison of annual production cost 
between paddy shrimp farming and 2 paddy crops  

Higher +, lower -;            n=50; Unit: USD/ha 

 
                                                 
3 Annual production cost of each household is converted to USD per a hectare for analyzing among households 
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5.3 Driving forces of agricultural land use changes 

According to the field survey, drivers that have promoted farmers to change their land 
use from 2 paddy crops to paddy shrimp farming are summarized in the following table:  

Table 22: Driving forces of the land use change 
from 2 paddy crops to paddy shrimp farming 

No Factors Households % out of 50 
households 

1 Higher benefit of current crop productions 40 80.0 

2 Reduction of costs for inputs due to less chemical fertilizers 
and herbicides usage 16 32.0 

3 More and wider markets 1 2.0 
4 Used less hired labors  1 2.0 

5 Governmental policies or program to support and promote the 
cultivation 26 52.0 

6 More efficient transportation system and service 5 10.0 
7 Existence of water and power supply 13 26.0 
8 Rising of sea level (affected by saltwater) 31 62.0 
9 Lower soil fertility 1 2.0 

10 
Neighboring farms changed their 2 paddy crops to rice shrimp 
farming that affected water resources supplying for their 
paddy field 

5 10.0 

11 Other farmers changed, brought higher benefits 2 4.0 
12 Farmers had experiences in cultivating rice shrimp farming 1 2.0 

Note: 44 out of 50 respondents gave more than one driver promoting their land use change. 

Figure 30: Driving forces of the land use change  
from 2 paddy crops to paddy shrimp farming 

 

Among driving forces of the land use change, higher benefits of paddy shrimp farming 
is the dominant driver for their land use change of 40 households, accounting for 80% of 
respondents. Affecting by saline water in their farm is the next common driver with 31 out of 
50 respondents; followed by a driver of government policies to support their land use changes 
with 26 respondents, reduction of costs for inputs with 16 respondents, existence of water and 
power supply with 13 respondents.  
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Also, the focus group confirmed that these above driving forces has led to the land use 
change from 2 paddy crops to paddy shrimp farming in An Bien district in the last periods. 
They affirmed that farmers can bring salt water for their shrimp farming and earn higher 
income from their paddy shrimp farming are the main drivers for their land use change. The 
local government in the focus group told that the driver of governmental policies or program 
to support and promote the cultivation is a driving force for the land use change is true for 
area along the West Sea and Cai Lon river, this driver is not suitable for the land use change 
some inner field areas. 

(1). Higher profit of paddy shrimp farming compared to 2 paddy crops 

40 out of 50 HHs said that the increased profit was a main driver for changing their 
farming, mainly from higher income from shrimp yield. Considering the paddy shrimp 
farming’s profit of these 40 HHs, the average annual profit from rice-shrimp farming is 2,816 
USD/ha, significantly higher 1,904 USD per a hectare than 2 paddy crops. Higher profits in 
the paddy shrimp farming are results of higher income from their shrimp yield (40/40HHs), 
less usage of chemical fertilizer, pesticides and herbicides and less usage of hired labors.  

Figure 31: Higher profit of the paddy shrimp farming compared to 2 paddy crops  
(n=40) 

Unit: USD/ hectare 

 
(2). Reduction of costs for inputs due to less usage of chemical fertilizers, pesticides and 
herbicides 

16 out of 50 households said that reduction of costs for inputs due to less usage of 
chemical fertilizers, pesticides and herbicides is a driver for their land use change. This, in 
turn, leads to a decrease in production cost for their farms. The dose of chemical fertilizer 
usage in 2 paddy crops in these 16 HHs is higher than in paddy shrimp farming from average 
2.9 times, ranging from 1.7 to 8 times. Specifically, this higher number is from 1-2 times in 5 
HHs, 2-3 times in 6 HHs, 3-4 times in 4 HHs and 8 times in 1 HH. 
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Figure 32: The dose of chemical fertilizer usage  
in 2 paddy crops and paddy shrimp farming (n=16) 

 
Moreover, there is a significant difference in dose and frequencies of fertilizer usage 

between 2 paddy crops and paddy shrimp farming as the following illustration in Figure 33.  
The frequency of these farmers manure for their field of 2 paddy crops is average 4.6 times 
higher compared to paddy shrimp farming, ranging from 2.7 – 7.0 times. This number for 
frequency of chemical spraying is average 5.2 times higher, ranging from 2.7 – 7.0 times as 
well. 

Figure 33: Higher dose and frequencies of chemical fertilizer usage  
in 2 paddy crops compared to paddy shrimp farming  

(n=16) 

 
(3). More and wider markets 

Although one out of 50 households told that more and wider markets is a driver for 
their land use change from 2 paddy crops to paddy shrimp farming. However, in fact, the 
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favorable access to markets, particularly for selling shrimp product contributes for farmers 
changing their land uses. Apart from a little amount of shrimp is directly sold in local 
markets, most of shrimp products are bought by merchants in fields. 

(4). Used less hired labors  

Another driver for this land use change is a need of hired labor to maintain their farm. 
One respondent said that the shrimp farming requires less hired labor because once the post-
larvae (PL) are seeded in shrimp ponds; only little work remains except for occasionally 
checking the quality of the water and shrimps while rice farming required much more tough 
manual labor such as maintaining rice paddies and spraying pesticides. The manual labor on 
rice fields often is time consuming and requires additional help from paid laborers, which 
results in additional input costs and then decrease in farm profit.  

(5). Governmental policies or program to support and promote the cultivation 

26 out of 50 respondents (52% out of respondents) reported that governmental policies 
and program such as polices permitted changing land use from 2 paddy crops to paddy 
shrimp farming is a driver for their land use change. However, the local government in the 
focus group told that the driver of governmental policies or program to support and promote 
the cultivation is a driving force for the land use change is only true for farm land along the 
West Sea and Cai Lon river while this driver is not suitable for the land use change in some 
inner field areas where the local government planned for 2 paddy land. Hence, several local 
people had changed their land use before there were governmental policies.  

Moreover, in 2018, the An Bien government built a plan of agricultural restructuring in 
An Bien district which, clearly zones area of 2 paddy crops and paddy shrimp farming. By 
officially releasing the plan of agricultural restructuring, area of land use change from 2 
paddy crops to paddy shrimp farming is forecasted to continuing increase. Specifically, until 
the year 2020, the area of 2 paddy crops in An Bien district is about 2,932 hectare, 
distributing in Thu Ba town, Dong Yen and Dong Thai while the area of paddy shrimp 
farming is 23,907 hectare, distributing in 9 communes in An Bien district. The spatial 
distribution of 2 paddy crops and paddy shrimp farming is presented in the Figure 43 and 
Table 26. 

(6). More efficient transportation system and service  

5 out of 50 respondents (10% of total respondents) report that more efficient 
transportation system and service supporting for their production activities and their market 
accessibility is a driver of their land use change.  

In terms of transportation in An Bien district, there are both road and canal systems 
serving transporting in this area. Although the percentage of asphalted roads is only 25.3%, 
the road system has significantly contributed to goods transportation and travel needs of local 
people. Moreover, there has been 226km water transportation across An Bien district 
supporting for transportation especially to inner fields where roads have not been invested 
and have difficulties in access.  
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Table 23: Current system of roads in An Bien district 

No, Types Number 
of roads 

Length 
(km) 

Surface composition (km) Asphalted 
(%) Asphalt Concrete Gravel + 

Soil 
1 National road 1 31.2 31.2    100.00 
2 Provincial Roads  2 31.3  13.3    18.0 42.5 
3 Roads at the district level  4 35.1 25.8  9.3 73.5 
3 Urban roads  29 71.9   13.9 58.0 19.3 
4 Rural roads 207 922.7   192.5 730.1 20.9 
  Total 243 1,092.1 70.3 206.4 815.4 25.3 

Source: Kien Giang Department of Transportation 2013. 

Following is a system of current water transportation in An Bien district: 

Table 24: Current water transportation in An Bien district 

No. Rivers, canals 
Current situation Canal 

level Length 
(km) 

Width 
 (m) 

Depth 
 (m) 

1 Cai Lon river 19.2 300 10 I 
2 Tan Bang - Can Gao canal 17.4 40 2.5 III 
1 Lang Thu Bay canal 27.0 30 1.5 V 
2 Thu Ba Bien canal 12.0 22 1.5 V 
3 Chong My canal 23.5 35 1.5 V 
1 Thu Nhat canal 11.5 18 1.5 V 
2 Thu Hai canal 11.8 20 1.5 V 
3 Thu 2 - Xeo Vuon canal 27.0 15 1.5 V 
4 Thu 4 canal 15.5 15 1.5 V 
5 Thu 5 canal 19.2 18 1.5 V 
6 7 Bien canal 12.4 20 1.5 V 
7 Bau Mon canal 10.4 22 1.5 V 
8 Number 1 canal 8.0 12 1 VI 
9 Xeo Buom canal 2.8 15 1 VI 

10 3000 canal 8.3 10 1 VI 
  Total 226.0       

Source: Kien Giang Department of Transportation 2013. 

Moreover, according to semi-interview and the focus group, it is confirmed that there 
have been increasingly purchasing locations and more merchants directly come to fields to 
collect agricultural products especially shrimp product, which, in turn, contributes to sell 
agricultural product more convenient. This is also a driver for land use change from 2 paddy 
crops to paddy shrimp farming as well. 

(7). Existence of water supply (canals, dyke, sea dyke, culverts) 

13 out of 50 households said that availability, improvements and investment of canals, 
dyke, sea dyke system is a driving force to change their land uses. The canal system has 
pumped salt water into field, particularly inner fields for shrimp farming. Also, the system of 
sea dykes and culverts have been invested that has contributed to salt water control as well. 
However, according to SIWRP (2017) and the An Bien’s DARD, the hydraulic system in An 
Bien district has not met requirements agricultural production yet, especially fresh water 
supply and salt water control for rice cultivation and shrimp farming. 
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(8). Affected by salt water 

This driving force means that salt water affecting is a driver for land use change. The 
agricultural sector is, as indicated before, heavily affected by saline intrusion, which has led 
to the transition from rice cultivation to a mainly rice-shrimp oriented agricultural sector. 
This transition started in the beginning of the 21st century when farmers in close vicinity of 
the ocean saw their rice yields decrease due to increased salinity levels. Over the years, saline 
intrusion affected more inland farmers, which resulted in the slow transformation of farming 
models across An Bien district. As saline intrusion continuously reached further inland, and 
salinity levels increased, more farmers were forced to change their models to rice-shrimp 
farming 

31 out of 50 households (62% of total respondents) reported that affecting by saline 
water is a driver for their land use change; of which, 22 out 31 households in area along the 
West Sea, 8 out of 31 households in area along Cai Lon river. Results from the focus group 
also confirmed that ability of getting salt water into field, specifically inner field is a driving 
force for farmers to change their land use.  

(9). Lower soil fertility 

Only one out of 50 respondents said that increasing salinity in the soil has affected their 
paddy crops, clearly via annual yield of paddy crops. However, according to our focus group, 
in areas of intermix between paddy field and shrimp farming, paddy crops of neighboring 
farmers were affected when farmers got salt water for supplying for their shrimp farming, the 
saltwater then seeps into the groundwater and the soil destroying agricultural production, which, 
in turn, lead to these farmers changed their land uses from 2 paddy crops to paddy shrimp 
farming. This driving force will also be analyzed in the next part.  

(10). Neighboring farms changed their 2 paddy crops to rice shrimp farming that 
affected water resources supplying for their paddy field 

This driving force is in the same situation with the lower soil fertility. Saline intrusion 
from neighboring farms was another reason that forced rice farmers into adopting rice shrimp 
farming. The saline water needed for shrimp production will seep through adjacent areas, 
thereby affecting water resources supplying for rice field in canals as well as groundwater of 
neighboring farms. Illustrative for this is that several rice farmers explained that affecting 
their neighbors with saline water is the main reason that keeps them from changing their 
farming model. This is also a conflict between farm holders who cultivates 2 paddy crops and 
those cultivating paddy shrimp farming. This is a reason why the government must have a 
zonation plan of agricultural land use, in which clearly plan area of rice monocultures and 
area of rice shrimp farming. 

(11). Other farmers changed, brought higher benefits is also a driver promoting farmers 
changing their land use as well. 

(12). Farmers had experiences in cultivating rice shrimp farming: one respondent said 
that he had experience in cultivating the rice shrimp farming in other commune. When he 
bought farm in Tay Yen commune, he changed his land use type due to higher profit of paddy 
shrimp farming compared to 2 paddy crops. 
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Figure 34: Driving forces of land use change  
from 2 paddy crops to paddy shrimp farming 

 

 
5.4 Impacts of land use changes from 2 paddy crops to paddy shrimp farming 

5.4.1 Environmental impacts 

❖ Usage of chemical fertilizer, pesticide and herbicide 

There has been a significant difference in fertilizer, pesticide and herbicide usage dose 
and frequency between 2 paddy crops and paddy shrimp farming. On average, dose and 
frequency of putting chemical fertilizer down and spraying chemical for pesticide and 
herbicide control in 2 paddy crops is dramatically higher than in paddy shrimp farming, 
average is 2.36, 4.8 and 5.25 times higher, respectively. This significant difference will be 
illustrated in the Figure 35.  
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Figure 35: Higher dose and frequency of applying chemical fertilizer, pesticides and 
herbicides in the 2 paddy crops compared to in the paddy shrimp farming  

Unit: times 

 
Figure 36: Dose of chemical fertilizer usage in 2 paddy crops and paddy shrimp farming 

Unit: kilogram/hectare 
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First, in terms of chemical fertilizer usage, on average, this dose in the 2 paddy crops is 
397 kg/ha that ranges from 269 kg/ha to 667 kg/ha; the average frequency is 10.76 times per 
2 crops with the highest is 14 times and the lowest is 6 times. In the shrimp farming, the 
average dose is 168 kg/ha, ranging from 50 kg/ha to 400 kg/ha; the average frequency is 2.24 
times with the highest is 4 times and the lowest is 0 times. This indicates that, on average, the 
farmers used about 2.36 and 4.8 times higher in dose and frequency in 2 paddy crops 
compared to paddy shrimp farming. Specifically, the leftover feeds of shrimp production 
provide a significant amount of soil nutrients, such as nitrogen, soil organic matter, 
phosphorus, potassium, to soils in fields for paddy production. As a result, farmers use 
comparatively less chemical fertilizers per unit of shrimp paddy production compared to 2 
paddy crops system, even there are two respondents’ HHs who did not apply chemical 
fertilizers for their paddy field.  

 

  

Second, the frequency of pesticide and herbicide usage between two farming system is 
significantly different. While in the system of 2 paddy crops, this frequency ranges from 4 to 
14 times per 2 crops, this frequency in paddy shrimp farming ranges from 0 to 4 times. This 
indicates that, on average, the farmers sprayed about 5.25 times higher in 2 paddy crops 
compared to paddy shrimp farming. In the paddy shrimp farming, farmers used less pesticide 
for their paddy crop because these chemical inputs will adversely affect cultures of shrimp. 
Respondents report that they mainly spray their paddy crop to add nutrition, not for 
controlling pests. Out of 50 respondents, 33 respondents (66%) spray 2 times for their crop, 8 
respondents spray 3 times, only 3 respondents spray 4 times, one respondent does not spray 
and 5 respondents spray one time. 
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Changing in agriculture practices in paddy shrimp farming compared to 2 paddy crops, 
with decreased input of chemical fertilizer and pesticides and herbicides, would not only 
lower the production costs, but also positively impact ecosystem. The shrimp may, in turn, 
affect the rice yield positively. In contrast to intensive rice monocultures, rice shrimp farming 
makes use of the self-organizing ability of the rice field ecosystem for an efficient and 
environmentally sound production of rice and shrimp. Taking a long-term perspective 
integrated rice–shrimp farming provides a sustainable alternative to intensive rice mono-
cropping, both from an economic and ecological point of view. 

❖ Saline water and soil quality 

Several respondents who changed their land use over 10 years said that according to 
their observation, soil salinization has been occurred in their farm, leading to degradation in 
their soil. According to the focus group, in area of paddy shrimp farming, the inundation of 
salt water onto the fields for shrimp farming has led to a buildup of salt in the soil. The local 
government also confirmed this issue in the focus group discussion as well. Moreover, the 
project Investigation of land degradation in Kien Giang province conducted by Sub-NIAPP 
(2018) has showed that soil in areas of shrimp cultivation in U Minh Thuong region including 
An Bien district has been salinized as well.  

❖ Water requirement 

All HHs directly use water in canals or/and by pumping stations for supplying water for 
their farms. Hence, it is difficult for respondents, especially farmers, to estimate quantity of 
their water use. However, according to the focus group discussion, water requirement for 2 
paddy crops is lower than paddy shrimp farming, average 10,161 (cubic meters/annum/ha) 
and 19,040 (cubic meters/annum/ha), respectively.  

❖ Biodiversity 

HH respondents and participants in the focus group discussion reports that according to 
their observation, as a result of significantly using less or not using pesticides and chemical 
fertilizer in the paddy shrimp farming, ecosystem in this farming system has been less 
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impacted compared to 2 paddy crops. In the shrimp farming, there have been also crabs, 
fish,… in their farms as well.  

5.4.2 Social and economic impacts of the land use change  

❖ Income from 2 paddy crops and paddy shrimp farming 

Considering 50 respondents, there has been a significant change in household income 
from agricultural production before and after their land use change. The below figure will 
illustrate this change. Out of 50 respondents, 47 annual households income from paddy 
shrimp farming is higher than from 2 paddy crops, ranging from 355 USD to 12,638 USD. 
For 3 households having annual income from paddy shrimp farming lower than from 2 paddy 
crops, they all reported that this is a year when their shrimp crop had a poor crop, almost 
totally loss due to weather condition. In this case, average shrimp yield was 0.28 tons/ha (-
1,036 USD/ha), 0.21 tons/ha (-521 USD/ha), and 0.05 tons/ha (-1,039 USD/ha). 

Figure 41: Annual household income in 2 paddy crops and paddy shrimp farming  

Along with changes in income of the 2 production systems, household expenditure for 
agricultural production also changed. Compared to the expenditure of 2 paddy crops, 36 
households spend less in the paddy shrimp farming, ranging from 24 USD to 15,113 USD 
while 14 households spend more, ranging from 3 USD to 1,744 USD4. Decreased in using 
chemical fertilizer, hired labors and machinery usage in paddy shrimp farming has 
contributed to less expenditure on agricultural inputs compared to 2 paddy crops. Although in 
two production systems, farm machinery and tools are both used in the households surveyed 
such as tractors, rotary tillers, sprayers, rice harvesters, the frequency of using these machines 
in 2 paddy crops is often higher, which, in turns, leads to an increase in input costs. 

There is a dramatic change in profits from 2 paddy crops to paddy shrimp farming. On 
average, the profit of paddy shrimp farming is higher than 2 paddy crops is 3.37 times, 
ranging from 1.02 to 6.23 times. 29 households, accounting for 58% of respondents, report 
that their paddy shrimp farming is higher than their previous 2 paddy crops from 2-4 times.  
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Figure 42: Higher profit in households in the paddy shrimp farming  
compared to the 2 paddy crops 

 
Moreover, although farmers were mostly concerned with paddy and shrimp crops, they 

engaged in different activities to generate income or to provide for their household needs. 
Their main activities include cultivating of crab and blood cockle, poultry and pigs, income 
from traders and shops, wages from local government jobs or from working in factories. It 
can summarize the importance of income sources of 50 respondents in the below table. 

Table 25: Importance of income sources of 50 respondents 

Income 
source 

Importance Level of household income 
Slight 

important Important 
Very 

important Critical 
Shrimp      
Paddy      
Blood cockle      
Crabs      
Livestock      
Local government      
Traders, shops      

Such positively increased in profits from land use change from 2 paddy crops to paddy 
shrimp farming has led to positive changes in expenditure on food, health care, education in 
households. Considering the increased in consumer price index over time, current 
expenditure on food in 50 households is higher from 1.2 to 5.33 times compared to the 
previous; and this number for others (mainly education of children, healthcare,..) is from 1 to 
9 times. These positive changes can be considered as a result of their land use change that is 
their main income source of 50 respondents. 

To sum up, of the two production systems, although there is a difference in demand 
on households for financial and labor inputs (higher or lower as the above analysis), the 
land use change from 2 paddy crops to paddy shrimp farming brings significant social and 
economic benefits. Households in the rice–shrimp system earn a significantly higher net 
income as well as benefits from rice–shrimp production, which, may, in turn, foster 
improvements in economic and social equality.  

1-2 times: 7 HHs
14%

2-3 times: 12 
HHs
24%3-4 times: 17 

HHs
34%

4-5 times: 6 HHs
12%

5-6 times: 7 HHs
14%

> 6 times: 1HH
2%

1-2 times: 7 HHs 2-3 times: 12 HHs

3-4 times: 17 HHs 4-5 times: 6 HHs

5-6 times: 7 HHs > 6 times: 1HH



71 

❖ The vulnerability of shrimp farming income to climate change 

In terms of farmers’ perspective, the main threats for rice-shrimp farming are rising 
temperatures, droughts, and increased salinity levels. These all factors affect water quality 
used for their farms. Unpredictable rainfall is a major concern for shrimp farmers because 
excessive rainfall leads to sudden alterations of the water temperature, which then affects the 
quality of shrimps. According to many farmers, unpredictable heavy rainfall was a reason 
why farming has become more difficult in recent years compared to ten years ago. In some 
cases, heavy rains occurred during shrimp seasons, which led to sudden changes of water 
temperatures in the shrimp ponds. These sudden changes in temperatures often lead to disease 
amongst the shrimp, of which White Spot Disease is the most common. Moreover, in recent 
years, 2016 as an example, several shrimp farmers experienced salinity levels up to 40 parts 
per thousand, whereas 25 parts per thousand is the ideal salinity level to grow shrimps. 
Salinity levels in which shrimps are able to survive range from 10 to 35 parts per thousand, 
but when those salinity levels are exceeded, shrimps will become weaker, grow at a slower 
rate, and are more susceptible to disease. Several respondents reported that they totally lost 
their shrimp yield due to saline intrusion as well. 

Additionally, according to semi-interview with farmers, they report that saline intrusion 
has recently affected the rice season, which, in turn, indirectly affects the shrimp production 
and then increasing the production cost of shrimp farming. The roots of the rice crop acts as a 
natural nutrient for shrimps, which they need to develop and grow. Due to saline intrusion 
affecting rice development, a lack of roots from the rice crop will therefore result in a lack of 
natural nutrients, which have to be replaced by fertilizers and medicines in order to let the 
shrimp develop. 

5.5 Adaptation measures and practices 

❖ A project of Review, Adjust and Modify for Agricultural land use planning and 
rural development in association with agricultural restructuring until the year 2020 in 
An Bien district 

To reduce negative impacts of salt water getting for shrimp farming to neighboring 
paddy farms, it is a must to have a plan of agricultural land use at the district level, in which, 
clearly zones area of monoculture rice and paddy shrimp farming. From this requirement, the 
An Bien government is conducting a plan of agricultural restructuring in which, clearly zones 
area of monoculture rice and paddy shrimp farming. Although the plan of agricultural land 
uses in Kien Giang province has provided a legal foundation for changing the land use from 2 
paddy crops to paddy shrimp farming in An Bien district, the spatial distribution has been not 
clear yet. 

Specifically, until the year 2020, the area of 2 paddy crops in An Bien district is about 
2,932 hectare, distributing in Thu Ba town, Dong Yen and Dong Thai while the area of paddy 
shrimp farming is 23,907 hectare, distributing in 9 communes in An Bien district.  
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Table 26: Land use planning of 2 paddy crops and paddy shrimp farming  
until 2020 in An Bien district              Unit: hectare 

Land use types Total Thu 
Ba 

Dong 
Yen 

Dong 
Thai 

Nam 
Yen 

Hung 
Yen 

Tay  
Yen 

Tay  
Yen A 

Nam 
 Thai 

Nam 
 Thai A 

2 paddy crops 2,932 742 1,381 809       

Paddy shrimp farming 23,907 377 3,111 4,006 3,809 3,568 3,182 2,161 2,828 864 

Source: An Bien DARD, 2018. 

 

Source: An Bien DARD, 2018. 

Source: An Bien Department of Agriculture and Rural Development, 2018. 

Figure 43: Zoning map of 2 paddy crops and paddy shrimp farming  
in An Bien district until the year 2020 
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❖ Salt-tolerant rice and sedge species: Several farmers have used salt-tolerant rice to 
address a number of climate change hazards currently threatening. Traditional rice breeds 
suffer from significant yield reductions due to increasing salinity in the soil and water. Salt-
tolerant rice production is more resilient to salt residue in the soil caused by the combined 
effects of inadequate and/or variable rainfall, rising sea levels, and the increased occurrence 
of storms and flash floods that cause saline water in canals to flood into rice fields more 
extensively. In locations where salinity levels were more extreme, farmers incorporated salt-
tolerant sedge grass in place of the rice crop. While sedge is not produced for human 
consumption, it is vegetation that provides a valuable habitat function for the shrimp and 
reduces the need for farmers to feed the shrimp. 

❖ Training courses on shrimp nursery and improved post-larvae selection: there 
have been training courses of the An Bien DARD for farmers on shrimp nursery construction 
and how to select high quality post-larvae for purchase.  

The typical shrimp pond configuration has a deep channel just inside the bank, and a 
shallow area in the center where vegetation grows. For the participating farmers, a shrimp 
nursery was constructed at the edge of their pond’s channel using netting and stakes. The PL 
were released into the nursery following disease testing and approval, and fed with ‘shrimp 
starter’ for three weeks before being released into the larger pond. This boost in the early 
stages of their life cycle increases the robustness of the shrimp to more extreme temperatures 
and other stresses, including increased salinity levels. 

❖ Infrastructure investment for agricultural production (canals, culverts, and 
pumping station): Although the hydraulic work in An Bien district has not been fully 
invested compared to other districts in Kien Giang province, the local government annually 
allocates budget to dredge canals, build pumping stations, building culverts for salt water 
control. These investments are significant particularly for water control supporting for 
agricultural production. 

6. Lessons learnt 
Land use changes are result of many driving forces which weights are different in each 

region and each land use types. For example, if in the Long Xuyen Quadrangle sub-region, 
investment of hydraulic system is the significant driver triggering the land use changes, in U 
Minh Thuong sub-region, salt water intrusion along with the ability of getting saltwater into 
inland field is a main driver. Also, land use changes are results of other concurrent drivers 
such as labor, market. 

There is a difference between land use data that is officially released by the 
governments and land use in the field. Conducting the case study in An Bien district has 
showed this issue. According to the An Bien DARD, area of paddy shrimp in 2017 is 711 
hectare and area of 2 paddy shrimp is 28,532 hectare while according to our focus group and 
field survey, this number is 19,449 hectare and 9,794 hectare, respectively. This is also 
presented in the literature review part of land use changes in Kien Giang from official data 
sourced from DORNE and data extracted from the maps.    



74 

Map data at the provincial level (Kien Giang province) is used to analyze land use 
changes for the pilot area and then, based on this result, choosing a case study at the district 
level is an appropriate approach for this study. By doing this, the research at first provides an 
overview of land use changes along with their driving forces through literature review in the 
pilot area. A case study will then examine land uses changes more deeply, verifying their 
driving forces as well as socio-economic and environmental impacts of the land uses changes 
through the field survey. 

Using the map data to analyze spatial land use changes is an appropriate approach. 
However, data extracted from the maps in some cases is not exact, such as a land use change 
from other land use covers to marsh/swamp area, from paddy rice to bare soil,… In this case, 
it is a must to consult local governments and using official data from the DORNE, DARD for 
an exact result. Hence, it is necessary to combine data of land use/land cover in spatial 
distribution and in data that was officially released by the governments when analyzing land 
use changes.  

7. Conclusion and recommendation 
7.1 Conclusion 

During the period 2005-2015, there have been significant changes in agricultural land 
uses in Kien Giang province, notably from paddy rice to rice shrimp farming, to aquaculture, 
and to flooded forest; from flooded forest and aquaculture to rice paddy and rice shrimp 
farming; and from bare soil to aquaculture. These land use changes have been results of 7 
groups of driving forces; however their weight are not the same in different sub-regions in 
this province. Also, the literature review showed that these land uses changes have 
significantly contributed to the socio-economic development and environmental protection; 
however, these changes have also brought drawbacks in environmental aspects. 

In An Bien district, during the last periods, the land use change from 2 paddy crops to 
paddy shrimp farming has largely occurred even encroached on inland areas. The result of 
field survey in 50 HHs and the focus group has provided 12 drivers forcing this land use 
change and these driving forces also in groups of driving forces that were previously 
reviewed in Kien Giang province. Out of 12 driving forces, higher profits of paddy shrimp 
farming compared to 2 paddy crops, affecting by salt water, and governmental policies or 
program to support and promote the cultivation are three main drivers for the land use change 
of local farmers. This land use change has brought positive impacts on socio-economic and 
environmental aspects as well as negative effects on soil quality. Additionally, the field 
survey showed that rice shrimp famers have increasingly become more vulnerable to climate 
change compared to the previous time. 

7.2 Recommendation 

More case studies and pilot areas should be conducted to deeply examine land use 
changes and their driving forces. According to the above literature review, although drivers 
forcing the land use changes can be grouped, their weight contributing to force land use 
changes is not the same in each region in Mekong Delta. Also, the types of land use changes 
in each region are different in quantity and their driving forces. Additionally, land use 
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changes have brought both positive and negative effects compared to the previous one; 
different land use changes have had negative or positive effects that overweight the others.  

As for the questionnaire, there are several questions in the questionnaire are difficult for 
respondents who are farmers to answer such as water requirement/use. In the case of needing 
this information for the study, this question can be used for semi-interview or in focus group 
with local governments or researchers. 

Another issue raised by farmers is that the quality of post larvae shrimp used to stock 
the ponds can vary widely. Extension workers and farmers currently lack adequate 
information on selecting good quality post-larvae, a process that can significantly impact the 
quality of farmers’ shrimp harvest. Hence, farmers said that when they changed their land use 
from 2 paddy crops to paddy shrimp farming, they need the government support them for the 
technique in shrimp farming such as training on shrimp nursery construction and how to 
select high quality post larvae. Moreover, the quality of post larvae shrimp bought from 
retailers cannot be guaranteed. The local government should release policies to manage the 
retailers supplying post larvae shrimp. 

8. Future direction 
In Vietnam, land use monitoring, including agricultural land use, is one of important 

activities in land use management. Every 5 year (i.e in 2010, in 2015 and the next time is in 
2020), under instruction and requirement of the Land Law and other Decrees, the government 
conducts to inventory land use/land cover which product is land use/land cover in spatial and 
in data. The maps used in the pilot area is a result of this land use inventory and of the 
adjustment and modification with the Kien Giang DORNE and DARD to define area of 
paddy shrimp farming. In order to monitor agricultural land use change, remote sensing and 
Geographic Information System (GIS) are used as tools to identify the type of land use and 
also to detect the characteristics of land use change in a time period. Official data (in number) 
related to area of  has been also used to revise the land use/land use change in these 
inventories. Also, every year, based on updating data of land use change (in number), the 
DONRE releases data of current land use (not including spatial distribution). These data of 
land use/ land cover provides a legal basis for the government in land use management such 
as planning, licensing land use permission,…  

It is crucial to conduct projects that examine driving forces and its impact on local 
people’s livelihood of land use/land cover change in Vietnam. First, based on the results of 
inventory, land use/land cover changes can be accessed; however, their driving forces and 
their impacts have not been examined yet. Second, the land use/land cover changes can bring 
positive effects or/and negative effects at multiple levels on environment and local people 
livelihood. Hence, if possible, there should be more projects examining driving forces and 
their impacts of the land use changes from regional to communal levels.  

  

  

 



76 

Reference 
Asian Management and Development Institute (2016), Current situation of paddy shrimp 
farming development in Mekong delta.  

An Bien Department of Agriculture and Rural Development. 2018. Review, Adjust and 
Modify for Agricultural land use planning and rural development in association with 
agricultural restructuring until the year 2020 in An Bien district.  

Berg, H. (2002). Rice monoculture and integrated rice-fish farming in the Mekong Delta, 
Vietnam: economic and ecological considerations. Ecological Economics. 41(1), 95–107. 
doi:10.1016/s0921-8009(02)00027-7. 

Brennan, D., N. Preston, H. Clayton and T.T. Be. (2002). An evaluation of Rice-Shrimp 
Farming Systems in the Mekong Delta. Report prepared under the World Bank, NACA, 
WWF and FAO Consortium Program on Shrimp Farming and the Environment. Work in 
Progress for Public Discussion. Published by the Consortium. 10 pages. 

Fielding, N.G., and Fielding J.L. (1986). Linking qualitative and quantitative data”. In: 
Fielding, N.G., and Fielding J.L (eds), Linking Data, Thousand Oaks, California: SAGE, pp. 
70-83. 

Hoa, T.V.H., Shigeko, H., Nhan, N.H. and Cong, T.T. (2008). Infrastructure effects on floods 
in the Mekong Delta in Vietnam. Hydrological Processes, 22, 1359-1372. 

Hossain M., Ut T.T. & Bose M.L. (2006), Livelihood systems and dynamics of poverty in a  
coastal province of Vietnam, In: Environment and Livelihood in Tropical Coastal Zones (ed, 
by CT Hoanh, TPTuong, JW Gowing & B Hardy), pp,30-47, Cab International, Wallingford, 
UK. 

Howie, C. (2005). High dykes in the Mekong Deltain Vietnam bring social gains and 
environmental pains, Aquaculture News, 32, 15-17. 

Huu, H.N. (2017). A study of the drivers of land use change in the Ha Tien plain region of the 
Mekong Delta, Vietnam, Thesis for Doctor of Philosophy, The University of Queensland.  

Huu, P.C. (2011). Floods and Farmers: Politics, Economics and Environmental Impacts of 
Dyke Construction in the Mekong Delta, Vietnam, Deutshe National Bibliothek, Berlin. 

IUCN & VAWR. (2016). Report on regional social assessment for Mekong delta integrated 
climate resilience and sustainable livelihoods project (MD-ICRSL): Regional Social 
Assessment. 

Kakonen, M. (2008). Mekong Delta at the crossroads: more control or adaptation?, Ambio, 37 
(3), 205-212. 

Kien Giang Department of Transportation. (2014). Adjust, modify for transportation planning 
in Kien Giang province to 2020. Kien Giang Department of Transportation (Vietnamese) 

Kien Giang Department of Transportation. (2015). Adjust, modify for transportation planning 
in An Bien district to 2020. Kien Giang Department of Transportation (Vietnamese) 

Kien Giang Irrigation Department. (2015). Report on Hydraulic system in Kien Giang 
province (Vietnamese). 

Krueger, R.A. (2015), “Focus groups: a practical guide for applied research”, Thousand 
Oaks, California: SAGE. 



77 

Lebel L., Tri N.H., Saengnoree A., Pasong S., Buatama U., & Thoa L.K. (2002). Industrial 
transformation and shrimp aquaculture in Thailand and Vietnam: pathways to ecological, 
social and economic sustainability? Ambio. 31, 311-323. 

Lebel, L. and Sinh, B.T. (2009). Risk reduction or redistribution? Flood management in the 
Mekong Region, Asian Journal of Environment and Disaster Management, 1(1), 25-41. 

Leedy, P.D. and Ormrod, J.E. (2001), “Practical Research: Planning and Design”, 7th 
edition, Merrill Prentice Hall, Upper Saddle River, New Jersey. 

Morgan, D.L., Krueger, R.A. (1998), "The focus group kit", Thousand Oaks, California: 
SAGE. 

Nigel, P. and Helena, C. (eds) (2003).  Rice shrimp farming in the Mekong Delta: biophysical 
and socioeconomic issues, Australian Centre for International Agricultural Research Techinal 
Report No. 52e, 170p, Canberra. 

Son, N.T. and Tu, N.A. (2008). Determinants of land-use change: A case study from the 
lower Mekong delta of southern Vietnam, Electronic Green Journal, 1(27). 

South Institute of Water Resources Planning (SWIRP). (2017). Modifying for Irrigation 
Planing for agricultural production in Kien Giang province and projection to 2030 
(Vietnamese).  

Statistical Yearbook of Kien Giang 2000. 

Statistical Yearbook of Kien Giang 2005. 

Statistical Yearbook of Kien Giang 2010. 

Statistical Yearbook of Kien Giang 2015. 

Sub-National Institute of Agricultural Planning and Projection (Sub-NIAPP). (2010). 
Agricultural land use planning and rural development in Kien Giang province (Decision 
2693/QD-UBND date 8 December 2010). The main report of the Sub-National Institute of 
Agricultural Planning and Projection, Ministry of Agriculture and Rural Development 
(Vietnamese). 

Sub-National Institute of Agricultural Planning and Projection (Sub-NIAPP). (2013). Land 
use planning till 2020. The main report of the Sub-National Institute of Agricultural Planning 
and Projection, Ministry of Agriculture and Rural Development (Vietnamese). 

Sub-National Institute of Agricultural Planning and Projection (Sub-NIAPP). (2017). 
Agricultural land use planning in association with agricultural restructuring in Kien Giang 
(Decision 41/QD-UBND date 09 January 2017). The main report of the Sub-National 
Institute of Agricultural Planning and Projection, Ministry of Agriculture and Rural 
Development (Vietnamese). 

Sub-National Institute of Agricultural Planning and Projection (Sub-NIAPP). (2018). 
Adjusting Land use planning till 2020. The main report of the Sub-National Institute of 
Agricultural Planning and Projection, Ministry of Agriculture and Rural Development 
(Vietnamese). 

Tuong, T.P., Kam, S.P., Hoanh, C.T., Dung, L.C., Khiem, N.T., Barr, J. and Ben D.C., 2003, 
Impact of seawater intrusion control on the environment, land use and household incomes in 
a coastal area, Paddy Water Environment, 1:65-73. 



1 

Annex 1: Several images of the fieldtrip survey 

  

Shrimp farming in Nam Thai commune Field before taking saltwater for shrimp farming 

 

 

Focus group discussion Household interview in Nam Thai A commune 

 

 

Working with the local goverment Household interview in Nam Thai A commune 
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Household interview in Tay Yen commune Household interview in Hung Yen commune 

 

 

Household interview in Tay Yen A commune Household interview 

 

 

Shrimp farming Household interview 
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Annex 2: Questionnaire in Vietnamese (based on the questionnaire provided by MRC) 

 

      Bộ Nông nghiệp và Phát triển Nông thôn 
Phân viện Quy hoạch và Thiết kế Nông nghiệp 

 

Dự án “Giám sát sử dụng đất nông nghiệp ở một số khu vực hạ lưu sông Mêkông” 

BẢNG CÂU HỎI PHỎNG VẤN NÔNG HỘ 

 

PHẦN 1. GIỚI THIỆU 

Xin chào anh/chị, 

Phân viện Quy hoạch và Thiết kế Nông nghiệp đang hợp tác với Ủy hội sông 
Mêkông thực hiện dự án “Giám sát sử dụng đất nông nghiệp ở một số khu vực hạ lưu 
sông Mêkông”.  

Mục đích của buổi nói chuyện này là tìm hiểu những thông tin cơ bản về sự thay đổi sử 
dụng đất và nguyên nhân dẫn đến sự thay đổi; tác động của sự thay đổi sử dụng đất đến môi 
trường, kinh tế và xã hội và những giải pháp thích ứng với những tác động này. 

Buổi nói chuyện này là hoàn toàn tự nguyện, việc lựa chọn hộ gia đình là ngẫu 
nhiên. Chúng tôi xin cam đoan những thông tin thu thập hôm nay chỉ phục vụ cho mục 
đích nghiên cứu.  

Chúng tôi xin chân thành cảm ơn sự hợp tác của quý anh/chị! 

 

PHẦN 2. NỘI DUNG 

A. Thông tin chung  

1. Người khảo sát  ..............................................................................................................................................  

2. Ngày khảo sát (dd/mm/yyyy)  .............................................................. Giờ (hh:mm) ....................... 

3. Địa điểm (ấp, xã, huyện, tỉnh)  ............................................... huyện An Biên, tỉnh Kiên Giang 

4. Tọa độ (nếu có) ..............................................................................................................................................   

5. Tên chủ hộ:  ............................................................................ Nam/nữ ……………………  Tuổi………  

6. Họ và tên người trả lời  ........................................... 7. Quan hệ với chủ hộ ………………. 

8. Tuổi ……………… Giới tính ………………………………  Tình trạng hôn nhân …………………… 

9. Tôn giáo  ...................................... Quốc tịch: Việt Nam 

11. Trình độ học vấn  ..............................................  12. Số người trong hộ………………………………   

13. Gia đình đã canh tác bao lâu (trên diện tích đất điều tra)…………năm 

 

Mã bảng hỏi: VN……………………  
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B. Sử dụng đất nông nghiệp 

14.  Vui lòng điền những thông tin sau  

Hạng mục Trước đây Hiện nay (2015/2016) 

Năm chuyển từ chuyên lúa 

sang mô hình lúa – tôm 

 

Loại hình sử dụng đất Chuyên 2 vụ lúa Lúa – tôm 

Tổng diện tích (ha)  

Giống (nếu có thể thu thập)   

- Số vụ/năm 

- Thời gian vụ  

  

Luân canh hay Chuyên canh  Luân canh 

 Chuyên canh 

 Luân canh 

 Chuyên canh 

Nông nghiệp có tưới/Nông 

nghiệp nhờ nước trời 

 Nông nghiệp có tưới 

 Nông nghiệp nhờ nước trời 

 Nông nghiệp có tưới 

 Nông nghiệp nhờ nước trời 

Nguồn gốc đất/Hình thức 

sở hữu: Thuê/Mua lại của 

người khác/Thừa kế 

 Thuê đất 

 Mua lại đất của người khác 

 Thừa kế  

Có giấy tờ pháp lý về đất 

đai hay không? Nếu có, vui 

lòng nêu rõ.  

Giấy tờ pháp lý về đất đai   Có               Không 

Nếu có, đó là….  Giấy tờ thuê           Khác……………………      

                               Sổ đỏ sở hữu                               

Sản lượng (tấn)   

Năng suất (tấn/ha)   

Chi phí sản xuất (VND/ha)   

Thị trường tiêu thụ 

(chợ địa phương, thương 

lái/công ty mua, xuất 

khẩu,…) 

 Chợ địa phương 

 Thương lái 

 Hợp đồng với công ty 

 Khác………………………… 

 Chợ địa phương 

 Thương lái 

 Hợp đồng với công ty 

 Khác………………………… 

Lao động 

 

 Thuê mướn 

 Lao động của gia đình 

 Cả hai 

 Thuê mướn 

 Lao động của gia đình 

 Cả hai 



5 

C. Động lực của sự thay đổi sử dụng đất nông nghiệp 

15. Nguyên nhân dẫn đến sự thay đổi loại hình sử dụng đất  

Hạng mục Nội dung 

Yếu tố kinh tế 

 

 Lãi cao hơn so với loại hình canh tác cũ  

 Sản phẩm dễ tiêu thụ/tìm kiếm thị trường hơn loại hình sử 
dụng đất cũ 

 Chi phí đầu tư ít hơn loại hình sử dụng đất cũ 

 Loại hình sử dụng đất hiện tại sử dụng ít lao động hơn 

 Khác……………………………………………….. 

Yếu tố về chính sách 

 

 Chính sách cho phép chuyển đổi của nhà nước 

 Hộ gia đình nhận được hỗ trợ từ nhà nước nếu chuyển đổi  

 Khác……………………………………………………… 

Cơ sở hạ tầng 

 

 Hệ thống thủy lợi được đầu tư 

 Dễ dàng tiếp cận trong vận chuyển/ sản xuất 

 Khác……………………………………………………… 

Yếu tố môi trường 

(1) do các hộ khác thay đổi 
hình thức sử dụng đất → 
nhiễm mặn → thay đổi hình 
thức sử dụng đất 

 Xâm nhập mặn 

 Chất lượng đất, nước không phù hợp với loại hình canh tác 
cũ (1) 

 Khác……………………………………………………… 

Yếu tố văn hóa xã hội 

 

 Loại hình sử dụng đất cũ không mang lại hiệu quả kinh tế 
đủ để chi trả cho nhu cầu cuộc sống của hộ gia đình hộ nông 
dân 

 Lao động trong gia đình di cư lên thành phố làm việc dẫn 
đến thiếu lao động nên chuyển đổi  

 Các hộ lân cận chuyển đổi 

 Khác……………………………………………………… 

D. Tác động của thay đổi sử dụng đất nông nghiệp 

16. Tác động môi trường của việc thay đổi sử dụng đất 

Hạng 
mục 

Loại hình sử dụng đất 

2 vụ lúa 

Loại hình sử dụng đất  

Lúa – tôm 

Phân bón 

 

 Phân hữu cơ               Phân hóa học 

Loại (phần chuồng,..)………………….    Loại (NPK, Ure,..)…………………. 

Liều lượng …………………….                   Liều lượng ………………………………. 

Tần suất bón (lần/mùa vụ)………….. Tần suất bón (lần/mùa vụ)……… 

 Phân hữu cơ               Phân hóa học 

Loại (phần chuồng,..)……………… Loại (NPK, Ure,..)…………………. 

Liều lượng …………………….           Liều lượng ……………………… 

Tần suất bón (lần/mùa vụ)…… Tần suất bón (lần/mùa )……… 
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Hạng mục Loại hình sử dụng đất 

2 vụ lúa 

Loại hình sử dụng đất  

Lúa – tôm 

Thuốc BVTV Số lượng……………………………… 

Lần/mùa vụ ……………………… 

Số lượng……………………………… 

Lần/mùa vụ …………………… 

Nhu cầu sử dụng nước 
(m3/năm) 

  

Đa dạng sinh học  tăng các loài động thực vật 
bản địa 

 giảm các loài động thực 
vật bản địa 

 tăng các loài động thực vật 
bản địa 

 giảm các loài động thực 
vật bản địa 

Rửa trôi bề mặt: Theo 
quan sát của người trả 
lời,? 

 tăng xói mòn đất  

 giảm xói mòn đất 

 tăng xói mòn đất  

 giảm xói mòn đất 

Sử dụng máy móc  Có                   Không 

Nếu có, nêu rõ…….. 

………………………………………….... 

………………………………………….. 

 Có                   Không 

Nếu có, nêu rõ…….. 

………………………………………….... 

…………………………………………. 

 

17.  Tác động về kinh tế xã hội của việc thay đổi sử dụng đất 

Hạng mục Loại hình sử dụng đất 

2 vụ lúa 

Loại hình sử dụng đất 

1 vụ lúa - tôm 

Thu nhập của nông hộ từ 
hoạt động nông nghiệp 
(vnđ/năm) 

  

Thu nhập của nông hộ từ 
hoạt động khác ngoài 
nông nghiệp (vnđ/năm). 

Nếu có, hoạt động gì? 

 Có                   Không 

Nếu có, hoạt động gì? 

…………………………………………. 

………………………………………… 

 Có                   Không 

Nếu có, hoạt động gì? 

…………………………………………. 

………………………………………… 

Chi phí cho hoạt động sản 
xuất nông nghiệp 
(vnđ/năm) 
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Hạng mục Loại hình sử dụng đất 

2 vụ lúa 

Loại hình sử dụng đất 

1 vụ lúa - tôm 

Chi phí thực phẩm cho 
nông hộ (vnđ/năm) 

  

Chi phí khác (điện, nước, 
giáo dục,…) (vnđ/năm) 

  

Sản phẩm có được đảm 
bảo đầu ra hay không? 

 Có                   Không 

 

 Có                   Không 

 

Tiếp cận với hệ thống 
cung cấp nước sạch 

 Có                   Không 

 

 Có                   Không 

 

Sự thay đổi loại hình sử 
dụng đất có dẫn đến 
những thay đổi tích cực 
trong chất lượng cuộc 
sống như tiếp cận với việc 
chăm sóc y tế,… 

 Có                   Không 

 

 Có                   Không 

 

E. Giải pháp/ Hoạt động thích ứng 

18. Có các giải pháp/hoạt động  đối với những tác động của việc thay đổi sử dụng 
đất nông nghiệp trong cộng đồng hay không? 

(Hỗ trợ về kỹ thuật, giống, thị trường tiêu thụ,….) 

 ...................................................................................................................................................................................  

 ...................................................................................................................................................................................  

 ...................................................................................................................................................................................   

 ...................................................................................................................................................................................  

 ...................................................................................................................................................................................  

 ...................................................................................................................................................................................  

 ...................................................................................................................................................................................  

 ...................................................................................................................................................................................  

 ...................................................................................................................................................................................  

 ...................................................................................................................................................................................  

Xin chân thành cảm ơn sự hợp tác của quý anh/chị! 
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Introduction 
Under Strategic Plan 2016 – 2020, the task 1.7.1.1 on “piloting agricultural land use monitoring in 
selected areas in MCs” is implemented under the agriculture and irrigation activity on “Conduct a 
basin wide survey to identify areas of transboundary impacts”. This task aims to detect land use 
changes related to agricultural purpose in the pilot areas, analyze its driving forces of the change, 
conduct a case study on the impacts of land use change to local people’s livelihood, and provide 
recommendations for farmers and local governments. 

First, the task will conduct mapping of agricultural land use change of the pilot areas in the Lower 
Mekong Basin and explore the changes in detail. One or two case study(-ies) in each pilot area on the 
impact of land use change to local people’s livelihood will be conducted. In this study, people’s 
livelihood will be analyzed at household (HH) level to get understanding of what key economic 
activities of HHs and the incomes from these activities. Data collected from HHs will help to see 
difference of HHs livelihood before and after land use change and how these land use change can 
affect to their livelihood. In order to qualify the change of livelihood, the income of HHs from different 
sources will be compared between before and after land use change. 

The pilot study includes three (3) main parts: (i) secondary data collection (ii) farmers interview and 
(iii) group discussion. This guideline is to help national consultant working on the project with same 
alignment on data collection. It is to focus on data structure and format, pilot area and case studies 
selection criteria, semi-structure questionnaire, and direction for focus group discussion. 
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1. Secondary data collection 
Secondary data can be included land cover maps of 2003 and 2010 from MRCS, national land use/land 
cover database, maps and documents on land use planning, statistics of agricultural area, land use policy, 
etc. 

 

1.1 Selection criteria for pilot areas 

The national experts will have to select the pilot areas that are in correspondence with these following 
conditions; 

- Data availability enough for the study; 
- Significant historical changes on agriculture land use; 
- Socio-economic condition highly depending on agriculture; 
- One province or equivalent (approximated 500,000 – 1,000,000 ha.), located adjacent to 

Mekong river. 

However, the national consultants can consider the selected pilot areas as the most appropriate to 
meet the above criteria first. 

 

1.2 Land Use/Land Cover (LULC) Classification and Standardization 

The consultants will review the secondary data, for example, MRC land cover maps of 2003 and 2010 
and other available spatial data sources, with focus on agricultural purpose. Then, they will produce 
detail agricultural land use maps and maps of land use change in the pilot areas from available 
secondary data and/or in cooperate with participatory mapping, which is a map-making process that 
attempts to make visible the association between land and local communities by using the commonly 
understood and recognized language of cartography (IFAD, 2009), if needed. The maps need to be 
designed as spatial data, which is in harmonization with the format of data field structure, metadata, 
and land cover classification system of MRC land cover database 2010 (Kityuttachai et al., 2016).  

Generating a basin-wide land cover database, MRCS found that each country/sector has different 
classification systems depending on their purposes of data utilization and application. Therefore, data 
standardization was significantly needed for the MRC land cover classification.  

Classification is defined as ‘the ordering or arrangement of objects into groups or sets on the basis of 
relationships. These relationships can be based upon observable or inferred properties’ (Sokal, 1974). 
The term ‘classification system’ includes not only the definition of the domain investigated and the 
classification process of the objects, but also a considered set of principles, or methodology, to assign 
individual land uses to land use classes and their arrangement according to a set of adopted rules 
(Jansen, 2006).  

Data standardization, which is defined as ‘the use of a single standard basis for classification of a 
specific subject’ (McConnell, W. J. and Moran, E. F., 2001), could help the Member Countries to 
directly compare their existing classes and reclassify national categories in harmonization with the 
regional categories.  

Latterly, the Project of MRC Land Cover Map for 2010 has been designed and standardized to produce 
land cover datasets based on the Land Cover Classification System (LCCS) developed by Food and 
Agriculture Organization of the United Nations (FAO) and the United Nations Environment Programme 
(UNEP).  
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The FAO LCCS is “a comprehensive, standardized ‘a priori’ classification system, designed to meet 
specific user requirements, and created for mapping exercises, independent of the scale or means 
used to map. The system can be used for any land cover classification initiative anywhere in the world, 
using a set of independent diagnostic criteria that allow correlation with existing classifications and 
legends” (Di Gregorio, Land Cover Classification System (LCCS), version 2: Classification Concepts and 
User Manual, 2005). It was also developed in collaboration with other international initiatives on 
classification of LC, such as the U.S. Federal Geographic Data Committee (FGCD) – Vegetation 
Subcommittee and Earth Cover Working Group (ECWG); the South African National Land Cover 
Database Project; and the international Geosphere-Biosphere Programme (IGBP) - Data and 
information System (DIS) Land Cover Working Group and Land Use Land Cover Change (LUCC) Core 
Project. In 2012, the ISO Technical Committee 211 on Geographic Information approved the FAO LCCS 
upon two standards to address classification systems in general (ISO 19144-1 Classification Systems) 
and LC (ISO 19144-2 Land Cover Meta Language) as official international ISO standards (Di Gregorio, 
2016). Since the system was designed to be able to apply globally, it includes various levels 
classification and many optional classes for numbers of users, which some classes are not suitable nor 
necessary for the Lower Mekong Region. 

Considering practicable and reasonable classes, the Land Cover Map of the Lower Mekong Basin for 
2010 was designed base on 19 land cover types under the FAO Land Cover Classification System 
Version 3 (LCCS3). The classes used in the project are listed below and described in detail in Table 1. 

19 Classes in the MRC Land Cover 2010 Project 

• Annual Crop 
• Paddy Rice 
• Shifting Cultivation 
• Orchard 
• Flooded Forest 
• Grassland 
• Shrubland 
• Urban Area 
• Bare Soil 
• Industrial Plantation 
• Broadleaved Deciduous Forest 
• Broadleaved Evergreen Forest 
• Forest Plantation 
• Bamboo Forest 
• Coniferous Forest 
• Mangrove 
• Marsh/Swamp Area 
• Aquaculture 
• Water Body 
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Table 1: Land Cover Types under FAO Land Cover Classification System Version 3 (LCCS3) 

Map 
Code Label LCCS3 Single 

Class 
LCCS3 Description 

Stratum 1 Stratum 2 Attribute/explanation 
4 AC Annual Crop Mandatory herbaceous 

growth forms; cultivated and 
managed vegetation 

Mandatory herbaceous 
growth forms; cultivated and 
managed vegetation 

The crop covers the land only during a part of the year. 
 
Example: cereals (barley, maize, millet, oats, rye, sorghum, wheat, 
dryland rice etc.), roots and tubers (cassava, potato, sweet potato, 
yam, etc.), pulses and vegetables (asparagus, legumes, bean, 
cabbages, carrot, chickpea, lentil, lettuce, melons, onion, pea, 
pumpkin, tomatoes, etc.) 
 

5 PR Paddy Rice Mandatory Graminae (true 
grasses); cultivated and 
managed vegetation with 
field size 0.2-2.0 hectares; 
species of rice 

Mandatory Graminae (true 
grasses); cultivated and 
managed vegetation with 
field size 0.2-2.0 hectares; 
species of rice 

A purposely planted, cultivated and harvested aquatic crop that is 
standing in water over extensive periods during its cultivation 
period and the emerging part of the plant is fully or partly 
harvested. This class can also include tidal rice and Deepwater rice 
 

6 SC Shifting 
Cultivation 

Temporary sequence 
between herbaceous growth 
forms of cultivated and 
managed vegetation and 
woody growth forms of 
natural/semi-natural 
vegetation; sequence length 
3 to 7 years 

Temporary sequence 
between herbaceous growth 
forms of cultivated and 
managed vegetation and 
woody growth forms of 
natural/semi-natural 
vegetation; sequence length 
3 to 7 years 

The growing of crops for a few years on selected and cleared plots, 
alternating with a lengthy period of vegetative fallow when the soil 
is rested. The land is cultivated for less than 30 percent of the time. 
This cover is followed by the vegetative and/or bare cover of the 
fallow period, that can last for several years (WAU, 1985). 
 

7 Or Orchard Mandatory trees; cultivated 
and managed vegetation of 
orchard and other 
plantation; field size 1-3 
hectares 

Mandatory trees; cultivated 
and managed vegetation of 
orchard and other 
plantation; field size 1-3 
hectares 

Orchard refers to a Permanent Cultivation system in combination 
with either a trees or shrubs life form designates. The plants often 
form a distinct block and are often planted in a regular spacing or 
pattern 
 
 
Example 
Tree: ornamental trees, fruit and nut trees (almond, apple, 
avocado, banana, cashew, citrus fruits, coconut, cucumbers, date 
palm, fig, grapes, guava, hazelnut, macadamia, mango, papaya, 
peach, pear, pistachio, plum, etc.), hedging plants,  
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Table 1: Land Cover Types under FAO Land Cover Classification System Version 3 (LCCS3) 

Map 
Code Label LCCS3 Single 

Class 
LCCS3 Description 

Stratum 1 Stratum 2 Attribute/explanation 
 
Shrubs: vine, cotton, coffee, cocoa, tea and soft fruits (currants, 
blackberries, pineapple and other succulent plants, etc.) 
Nursery stocks of those plants can also be included. 
 

8 FF Flooded 
Forest 

Multi-stratum of mandatory 
trees/shrubs/herbaceous; 
natural or semi-natural 
vegetation; cover 10-100%. 

Multi-stratum of mandatory 
trees/shrubs/herbaceous; 
natural or semi-natural 
vegetation; cover 10-100%. 

Flooded forest, or freshwater swamp forests, are forest with which 
are inundated with freshwater, either permanently or seasonally. 
They normally occur along the lower reaches of rivers and around 
freshwater lakes. They are found in a range of climate zones, from 
boreal through temperate and subtropical to tropical (Wikipedia, 
2017). 
 
Example: Chao Phraya freshwater swamp forests in Thailand, Red 
River freshwater swamp forests in Vietnam, Tonle Sap-Mekong 
peat swamp forests in Cambodia and Vietnam. 
 

9 GR Grassland Mandatory herbaceous 
growth forms; natural or 
semi natural vegetation; 
cover 10-100 % 

Mandatory herbaceous 
growth forms; natural or 
semi natural vegetation; 
cover 10-100 % 

Grassland, area in which the vegetation is dominated by a nearly 
continuous cover of grasses, however, sedge and rush families can 
also be found along the variable proportions of legumes, like clover 
and other herbs.  
In general, grasslands occur naturally on most continents and are 
one of the most widespread of all the major vegetation types of the 
world. In the Lower Mekong Basin, type of grasslands is tropical 
grassland, which are dominated by grasses, often 3 to 6 feet (or 
around 1-2 meters) tall at maturity, and usually found in tropical 
wet and dry climates. (Wildlife, 2018; Smith, 2017; Wikipedia (a), 
2018) 
 
In Southeast Asia, semi- natural and natural grasslands are mainly 
abandoned agricultural lands, human manipulated lands (e.g. 
pastures), or located within National Parks or Wild Life Sanctuary. 
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Table 1: Land Cover Types under FAO Land Cover Classification System Version 3 (LCCS3) 

Map 
Code Label LCCS3 Single 

Class 
LCCS3 Description 

Stratum 1 Stratum 2 Attribute/explanation 
10 SH Shrubland Mandatory shrubs; natural 

or semi-natural vegetation; 
cover 10-80 % 

Mandatory shrubs; natural 
or semi-natural vegetation; 
cover 10-80 % 

Shrubland, also called scrubland is a plant community that diverse 
assortment of vegetation types sharing common physical 
characteristic, dominated by shrubs.  
 
In LCCS3, shrubs refer to the Woody Life Form plants that lower 
than 5 meters (except a plant with clear physiognomic aspect of 
trees) 
 

11 UA Urban Area Mandatory built-up surface Mandatory built-up surface Built-up areas are characterized by the substitution of the original 
(semi-)natural cover or water surface with an artificial, often 
impervious, cover. 
 
Urban areas are covered by impervious structures adjacent to or 
connected by streets. This cover is related to centres of population. 
Linear elements like (main) roads, railways and communication 
lines/pipelines occur but are not dominant features. This class 
usually occurs in combination with;  
1. Urban vegetated areas that show a regular pattern (e.g. lawns, 

courtyards, gardens, parks, parklands, etc.), and  
2. Industrial and/or other areas, which are related to trade, 

manufacturing, distribution and commerce (e.g. aerodrome, 
airports, breeding center, cemeteries, shopping malls, 
warehousing, entertainment and recreation area, heavy industry 
areas like ores, coal, chemicals, historical site, hospital premises, 
military facilities, port area including docks, shipyards, locks, 
factories, power generation plant, refugee camp, religious site, 
school premises, sewage treatment plant, sports and leisure 
facilities, transportation facilities like bus area, car park, urban 
playgrounds, water facilities, etc.) 
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Table 1: Land Cover Types under FAO Land Cover Classification System Version 3 (LCCS3) 

Map 
Code Label LCCS3 Single 

Class 
LCCS3 Description 

Stratum 1 Stratum 2 Attribute/explanation 
12 BS Bare Soil Mandatory bare soil; 

optional coarse mineral 
fragments (rocks/stones 1-
40%) 

Optional shrubs (1-5%) or 
herbaceous growth forms (1-
10%); natural or semi natural 
vegetation 

Bare Areas describes the land rather than the land cover because 
the land is not covered by (semi-)natural or artificial cover.  
 
Bare Soil and/or Other Unconsolidated Materials - Unconsolidated 
materials cover the earth’s surface, resulting from weathering of 
parent material (including the effects of moisture and temperature) 
and/or macro- and micro-organisms. It can be specified as stony 
surface (covered with stones 5-40% of the soil surface), very stony 
(covered with stones 40-80% of the soil surface) 
 
This class can also include the loose and shifting sands areas, which 
are covered by soil particles that may be moved by regularly 
occurring winds. 
 

13 IP Industrial 
Plantation 

Mandatory woody growth 
form; cultivated and 
managed vegetation of 
industrial crop species 

 
In LCCS3, industrial crops refer to non-food crops that provide raw 
materials generally subject to further mechanical or industrial 
processing, like fibers, oils, latex, but not include oils that can be 
considered as by-products, for example oil from grain embryos or 
from the seeds of vegetables, fiber plants, etc. 
 
Example: castor, cotton, hemp, jute, oil palm, olive, rubber, 
safflower, sisal, sugarcane, etc. 
 
If land parcels that cultivated and harvested crops, which can be 
also classified in other classes such as coconut (orchards), sesame, 
soybean, and sunflower (annual crops), are used only for only raw 
materials production (e.g. oil), they can be considered as industrial 
plantation instead. 
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Table 1: Land Cover Types under FAO Land Cover Classification System Version 3 (LCCS3) 

Map 
Code Label LCCS3 Single 

Class 
LCCS3 Description 

Stratum 1 Stratum 2 Attribute/explanation 
14 BD Broadleaved 

Deciduous 
Forest 

Mandatory trees; cover 10-
100%; natural or semi-
natural vegetation; 
deciduous and broadleaved 

 
Deciduous refers to perennial plants that area leafless for a certain 
period during the year. Leaf shedding usually takes place 
simultaneously and in connection with the unfavorable season. 
 

15 BE Broadleaved 
Evergreen 
Forest 

Mandatory trees; cover 10-
100%; natural or semi-
natural vegetation; 
evergreen 

 
Evergreen refers to perennial plants that are never entirely without 
green foliage. 
 

16 FP Forest 
Plantation 

Mandatory trees; cultivated 
and managed vegetation of 
forest plantation; 
broadleaved 

 
A Permanent Cultivation system with trees, a woody perennial 
plant with a single, well defined stem carrying a more-or-less-
defined crown. 
 
The "forest plantations" are also defined as those forest stands 
established by planting or/and seeding in the process of 
afforestation or reforestation. They are either of introduced or 
indigenous species which meet a minimum area requirement of 0.5 
ha; tree crown cover of at least 10 percent of the land cover; and 
total height of adult trees above 5 m (FAO, 2000). 
 
Example: acacia, conifer, eucalyptus, mahoganies, pine, poplar, 
teak 
 

17 BaF Bamboo 
Forest 

Mandatory woody growth 
forms; cover: 10-100%; 
height 4-15 meters; natural 
or semi-natural vegetation; 
of bamboo species 

 
Bamboo is the plant essentially herbaceous and belong to the 
Graminacea but with a woody appearance. 
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Table 1: Land Cover Types under FAO Land Cover Classification System Version 3 (LCCS3) 

Map 
Code Label LCCS3 Single 

Class 
LCCS3 Description 

Stratum 1 Stratum 2 Attribute/explanation 
18 CoF Coniferous 

Forest 
Mandatory trees; cover 10-
100%; natural or semi-
natural vegetation; 
evergreen and needle 
leaved; species of coniferous 
species 

 
Evergreen conifers like pines (Pinus spp.), hemlock (Tsuga spp.) and 
firs (Abies spp.), etc. 
 
Deciduous conifers like the larch (Larix spp.) 

19 Mn Mangrove Mandatory woody growth 
forms; cover 10-100%; 
natural or semi-natural 
vegetation; broadleaved and 
evergreen 

Mandatory water body 
above surface; naturally 
grows in coastal saline or 
brackish water 

 

20 M/S Marsh/Swamp 
Area 

Mandatory herbaceous 
growth forms for marsh, and 
woody plants for swamp. 

Mandatory water body 
above surface; natural 
freshwater or saltwater. 

The vegetative cover is significantly influenced by water and 
dependent on flooding.  
 
In the MRC LC 2010 Project, it is clear that marsh refers to a 
wetland is dominated by herbaceous rather woody plant species. A 
semiaquatic plant that mostly grow in this area are sedge, 
sphagnum, cattails, etc. 
 
In general, swamp is defined as a wetland that is forested. 
However, this set of classification system has flooded forest, which 
can imply as the “true” or freshwater swamp forests. Therefore, for 
this class, swamp is specified to “transitional” or shrub swamps. 
 
Shrub swamps are a type of freshwater wetland ecosystem 
occurring in areas too wet to become swamps (“true” or freshwater 
swamp forest), but too dry or too shallow to become marshes. They 
are often considered transitional (“mid-successional”) between wet 
meadows or fens and conifer or hardwood swamps (Wikipedia (b), 
2017). 
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Table 1: Land Cover Types under FAO Land Cover Classification System Version 3 (LCCS3) 

Map 
Code Label LCCS3 Single 

Class 
LCCS3 Description 

Stratum 1 Stratum 2 Attribute/explanation 
21 AQ Aquaculture Mandatory artificial water 

body above surface; general 
aquaculture. 

 
Aquaculture is the farming of aquatic organisms (e.g. fish, shrimp, 
oyster) in both coastal and inland areas involving interventions in 
the rearing process to enhance production. 
 

23 WA Water Body Mandatory periodic 
variations water body above 
surface; fresh water. 

 
This class applies to both; 
1. Artificial waterbodies, which are covered by water due to the 

construction of artefacts (e.g. reservoirs, canals, artificial lakes, 
etc.) but not include those used for aquaculture; and  

2. Natural water bodies, which are naturally covered by water, 
such as lakes, rivers, snow or ice. In the case of rivers, the lack of 
vegetation cover is often due to high flow rates and/or steep 
banks. In the case of lakes, their geological origin affects the life 
conditions for aquatic vegetation. The following circumstances 
might cause water surfaces to be without vegetation cover: 
depth, rocky basins, rocky and/or steep shorelines, infertile 
washed-in material, hard and coarse substrates. 

 
Source: (Di Gregorio, Land Cover Classification System (LCCS), version 2: Classification Concepts and User Manual, 2005) 
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Table 2 Land Use/Land Cover Group 

Group 
Label Group Class Map 

Code Label LCCS3 Single Class 

C Crop 
4 AC Annual Crop 
6 SC Shifting Cultivation 

PR Paddy Rice 5 PR Paddy Rice 

P Perennial Plantation 
7 Or Orchard 

13 IP Industrial Plantation 
U Urban Area 11 UA Urban Area 
B Bare Soil 12 BS Bare Soil 

N Natural & semi-natural vegetated areas 

8 FF Flooded Forest 

9 GR Grassland 
10 SH Shrubland 
14 BD Broadleaved Deciduous Forest 
15 BE Broadleaved Evergreen Forest 
16 FP Forest Plantation 
17 BaF Bamboo Forest 

18 CoF Coniferous Forest 

19 Mn Mangrove 
20 M/S Marsh/Swamp Area 

W Artificial &natural water bodies 
21 AQ Aquaculture 
23 WA Water Body 
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Table 3 Legend of Change Detection 

No. Change Label Description of Change Class 
1 NoC Non-change 
2 CPR Change from Crop to Paddy Rice 
3 CP Change from Crop to Perennial Plantation  
4 CU Change from Crop to Urban Area 
5 CB Change from Crop to Bare Soil 
6 CN Change from Crop to Natural & semi-natural vegetated areas 
7 CW Change from Crop to Artificial &natural water bodies 
8 PRC Change from Paddy Rice to Crop 
9 PRP Change from Paddy Rice to Perennial Plantation  

10 PRU Change from Paddy Rice to Urban Area 
11 PRB Change from Paddy Rice to Bare Soil 
12 PRN Change from Paddy Rice to Natural & semi-natural vegetated areas 
13 PRW Change from Paddy Rice to Artificial &natural water bodies 
14 PC Change from Perennial Plantation to Crop 
15 PPR Change from Perennial Plantation to Paddy Rice 
16 PU Change from Perennial Plantation to Urban Area 
17 PB Change from Perennial Plantation to Bare Soil 
18 PN Change from Perennial Plantation to Natural & semi-natural vegetated areas 
19 PW Change from Perennial Plantation to Artificial &natural water bodies 
20 UC Change from Urban Area to Crop 
21 UPR Change from Urban Area to Paddy Rice 
22 UP Change from Urban Area to Perennial Plantation  
23 UB Change from Urban Area to Bare Soil 
24 UN Change from Urban Area to Natural & semi-natural vegetated areas 
25 UW Change from Urban Area to Artificial &natural water bodies 
26 BC Change from Bare Soil to Crop 
27 BPR Change from Bare Soil to Paddy Rice 
28 BP Change from Bare Soil to Perennial Plantation  
29 BU Change from Bare Soil to Urban Area 
30 BN Change from Bare Soil to Natural & semi-natural vegetated areas 
31 BW Change from Bare Soil to Artificial &natural water bodies 
32 NC Change from Natural & semi-natural vegetated areas to Crop 
33 NPR Change from Natural & semi-natural vegetated areas to Paddy Rice 
34 NP Change from Natural & semi-natural vegetated areas to Perennial Plantation  
35 NU Change from Natural & semi-natural vegetated areas to Urban Area 
36 NB Change from Natural & semi-natural vegetated areas to Bare Soil 
37 NW Change from Natural & semi-natural vegetated areas to Artificial &natural water bodies 
38 WC Change from Artificial &natural water bodies to Crop 
39 WPR Change from Artificial &natural water bodies to Paddy Rice 
40 WP Change from Artificial &natural water bodies to Perennial Plantation  
41 WU Change from Artificial &natural water bodies to Urban Area 
42 WB Change from Artificial &natural water bodies to Bare Soil 
43 WN Change from Artificial &natural water bodies to Natural & semi-natural vegetated areas 
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1.3 Data field structure 

The following tables describe the contents of attribute tables of each layer, which contain polygon 
shapes. The individual polygon is composed of vector data and an attribute table. The following tables 
describe the data fields of the attribute table of each polygon data. 

Note: 

Code name: Name of data fields. Contents to be stored in the corresponding data field are specified 
in “Definition.” 

Data type: Whether the contents are numerical (if they are meaningful to be added up: number) or 
not (text). 

Field size: Space allocated for the data field in digits or the number of characters. 

Definition: Specific description of the contents to be stored in the corresponding data field. 

Unit: Unit for recording numerical data. 

Explanatory note: Supplemental information on Definition, Unit, and Selection. 

 

Agricultural Land Use 

Name: ALU_Name of pilot area_CC_YY 

Country code (CC): Cambodia (KH), Lao PDR (LA), Thailand (TH), Vietnam (VN) 

Year: YY – last two digits of the generated land use data 

Example: ALU_Battambang_KH_15 or ALU_Buengkan_TH_16 

 

Table 4 Data field structure for land use data 

Field name Data 
type 

Filed 
size 

Definition Unit Explanatory note 

GROUP Text 2 Abbreviation of LULC Group -  
LCCODE Text 2 Map code of FAO LCCS3 -  
LABEL Text 3 Abbreviation of LCCS3 Class - Corresponding with LCCODE 
LCCS3 Text 20 Name of single class of LCCS3 - Corresponding with LCCODE 
TYPE1 Text 50 Specific type of LULC under 

each single class of LCCS3 
- More details of LULC to 

correspond with each single 
class of LCCS, following the 
guidelines of 
attributes/explanations in 
Table 1: Land Cover Types under 
FAO Land Cover Classification 
System Version 3 (LCCS3) 

AREA Number 10 Area of LULC Hectare 
(ha) 

Value calculated from the 
polygon 

 

 

 
1 Specific type of LULC is optional, depending on national data available, however, it is recommended to 
complete this information, especially for the latest LULC data and the selected case studies. 
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Land Use Change 

Name: LUC_Name of pilot area_CC_0310LY 

Country code (CC): Cambodia (KH), Lao PDR (LA), Thailand (TH), Vietnam (VN) 

Year: latest year (LY) – last two digits of the latest land use data 

Example: LUC_Battambang_KH_031015 or LUC_Buengkan_TH_031016 

 

Table 5 Data field structure of land use change data 

Field name Data 
type 

Filed 
size 

Definition Unit Explanatory note 

GROUP_03 Text 2 Abbreviation of LULC 
Group for the year 
2003 

-  

LCCODE_03 Text 2 Map code of FAO 
LCCS3 for the year 
2003 

-  

TYPE_03 Text 50 Specific type of LULC 
under each single class 
of LCCS3 in 2003 

- More details of LULC to 
correspond with each single class 
of LCCS, following the guidelines 
of attributes/explanations in Table 
1: Land Cover Types under FAO Land 
Cover Classification System Version 3 
(LCCS3). 

GROUP_10 Text 2 Abbreviation of LULC 
Group for the year 
2010 

-  

LCCODE_10 Text 2 Map code of FAO 
LCCS3 for the year 
2010 

-  

TYPE_10 Text 50 Specific type of LULC 
under each single class 
of LCCS3 in 2010 

- More details of LULC to 
correspond with each single class 
of LCCS, following the guidelines 
of attributes/explanations in Table 
1: Land Cover Types under FAO Land 
Cover Classification System Version 3 
(LCCS3). 

GROUP_LY Text 2 Abbreviation of LULC 
Group for the latest 
year 

-  

LCCODE_LY Text 2 Map code of FAO 
LCCS3 for the latest 
year that the data is 
available (2014 – 
2016) depending on 
each MC’ condition 
 
 
 
 

-  
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Field name Data 
type 

Filed 
size 

Definition Unit Explanatory note 

TYPE_LY Text 50 Specific type of LULC 
under each single class 
of LCCS3 in the latest 
year 

- More details of LULC to 
correspond with each single class 
of LCCS, following the guidelines 
of attributes/explanations in Table 
1: Land Cover Types under FAO Land 
Cover Classification System Version 3 
(LCCS3). 

CHANGE03_10 Text 5 Abbreviation of LULC 
Change from 2003 and 
2010 

- This field can be used for change 
detection analysis and create 
individual legends for map layout 

CHANGE03_LY Text 5 Abbreviation of LULC 
Change from 2003 and 
the latest year 

- This field can be used for change 
detection analysis and create 
individual legends for map layout 

CHANGE10_LY Text 5 Abbreviation of LULC 
Change from 2010 and 
the latest year 

- This field can be used for change 
detection analysis and create 
individual legends for map layout 

AREA Number 10 LULC area Hectare 
(ha) 

Value calculated from the 
polygon 
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1.4 Metadata format 

This metadata format is in accordance with the MRC Land Cover 2010. The consultants should fill in 
the table to replace the red italic phases. 

Table 6 Metadata format used for spatial datasets in agricultural land use monitoring project 

Field name Description 
Directory name Define the name of this database (e.g. Agricultural land use, land use 

change) 
Hierarchy level  Data set 
Title Specify title of data (e.g. Agricultural land use of the Lower Mekong 

Basin in 2016 or Land use change of the LMB during 2003-10-16) 
Creation date Date that this database was initially created. (e.g. 2013-01-10) 
Publication date The date that this database was published and distributed. (e.g. 2014-

02-15) 
Edition e.g. E01 
GIAI title e.g. LMB_ALUData 
Presentation form mapDigital 
Abstract Summarize important information of data, including original sources 

of data 
Maintenance and update 
frequency 

As Needed 

Theme keywords Agricultural Land Use/Land Use Change 
Place keywords e.g. Cambodia, Viet Nam, Lower Mekong Basin 
Access constraints License 
Use constraints Copyright 
Use limitation The Mekong River Commission makes no warranties about this data 

and disclaims all responsibility and liability for all expenses, losses, 
damages and costs which may be incurred as a result of the data 
being inaccurate or incomplete in any way and for any reason. The 
data contained herein do not imply the expression of any opinion 
whatsoever on the part of the Mekong River Commission concerning 
the legal status of any country, territory, city or area or of its 
authorities, or concerning the delineation of its frontiers or 
boundaries. 

Spatial representation type Polygon 
Denominator 50000 
Topic category code Land Cover Type 
Temporal extent begin date Identify the initial date that this data was created (e.g. 2010-01-10) 
Temporal extent end date Identify the final date that this data was created (e.g. 2013-12-15) 
North bound latitude Identify the furthest boundary in the north direction (e.g. 22.53588) 
South bound latitude Identify the furthest boundary in the south direction (e.g. 8.519244) 
West bound longitude Identify the furthest boundary in the west direction (e.g. 98.890098) 
East bound longitude Identify the furthest boundary in the east direction (e.g. 109.225444) 
Reference system info WGS_1984_UTM_Zone_48N 
Distribution format Shape 
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2. Change Detection 
2.1 Concept 

Change detection is defined as the process of identifying differences in the state of an object or 
phenomenon by observing it at different times. The general goal of change detection in remote 
sensing includes identifying the geographical location, recognizing and quantifying the type of changes 
and finally assessing the accuracy results (Naveena & Wiselin, 2015; Jensen, 2005). 

Change detection techniques are mostly used in the informed environmental information and 
agriculture field. The change detection is the process of identifying difference state of an object or 
phenomenon by observing it at separate times. The time and accuracy of change detection on the 
earth's surface can provide a better understanding of the relationship and interaction between human 
and natural phenomena. The change detection quantifies the temporal effect using multi-temporal 
dataset. Various applications are involved in the change detection technique like deforestation, urban 
development, damage valuation, scour and deposit monitoring, planning and land disposition 
(Kityuttachai & Someth, 2017).  

Change Detection Statistics are used to compile a detailed tabulation of changes between two 
classification images. The changes detected using this routine differ significantly from a simple 
differencing of the two images. While the statistics report includes a class-for-class image difference, 
the analysis focuses primarily on the initial state classification changes; that is, for each initial state 
class, the analysis identifies the classes, into which those pixels changed in the final state image. 
Remote Sensing software such as ERDAS, ENVI, PCI Geometica, IDRISI can report changes as pixel 
counts, percentages and areas.  

A basic change detection algorithm computes the difference between two raster or image service 
layers. This can be used to compare classified images, elevation models and more. This tool does not 
account for radiometric differences between images, such as atmospheric noise or haze. It also will 
not account for geographic shifts between two data layers. It only makes a pixel-over-pixel 
comparison. If the images are not perfectly aligned, this will show up as a difference between the 
images (D. LU, P. et al., 2003). 

The elements that affect change detection using remote sensing data includes spatial, spectral, 
thematic and temporal constraints, atmospheric conditions, radiometric resolution and soil moisture 
conditions (Jensen, 2005). Change information obtained may be either in the form of simple binary 
change or detailed from-to change as in the case of using post-classification comparison (Naveena & 
Wiselin, 2015; D. LU, P. et al., 2003). 

2.2 Consideration on change detection implementation 

Good change detection research should provide the following information: 1) area change and change 
rate; 2) spatial distribution of changed types; 3) change trajectories of land-cover types; and 4) 
accuracy assessment of change detection results. When implementing a change detection project, 
three major steps are involved: 1) image preprocessing including geometrical rectification and image 
registration, radiometric and atmospheric correction, and topographic correction if the study area is 
in mountainous regions; 2) selection of suitable techniques to implement change detection analyses; 
and 3) accuracy assessment (D. LU, P. et al., 2003). 
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AI-doski, J. et al. (2013) described the accuracies of change detection results depend on many factors, 
including: 

- precise geometric registration between multi-temporal images, 
- calibration or normalization between multi-temporal images, 
- availability of quality ground truth data, 
- the complexity of landscape and environments of the study area, 
- change detection methods or algorithms used, 
- classification and change detection schemes, 
- analyst’s skills and experience, 
- knowledge and familiarity of the study area, and 
- time and cost restrictions. 

The outputs of this stage are the change/unchange image which identifies the total areas of change 
and unchange, and the classified change image which determines the changed areas from a certain 
class to another through the study period (AI-doski, J. et al., 2013). 

 

 

 

 

 

 

 

 

 

Figure 1 Diagram of Post-Classification Comparison Change Detection 

Source: Change Detection Process and Techniques (AI-doski, J. et al., 2013) 
 

Macleod, R.D. and Congalton, R.G. (1998) described four important aspects of change detection for 
monitoring natural resources: detecting if a change has occurred, identifying the nature of the change, 
measuring the areal extent of the change, and assessing the spatial pattern of the change (AI-doski, J. 
et al., 2013). 

Before implementing change detection analysis, the following conditions must be satisfied: 1) precise 
registration of multi-temporal images; 2) precise radiometric and atmospheric calibration or 
normalization between multi-temporal images; 3) similar phenological states between multi-temporal 
images; and 4) selection of the same spatial and spectral resolution images if possible (AI-doski, J. et 
al., 2013). 

 

 

Classification Technique 

Image Differencing Technique 



19 

2.3 GIS Algorithm on Change Detection for PALUM  

The GIS-based change detection category includes the integrated GIS and remote sensing method and 
the pure GIS method. The advantage of using GIS is the ability to incorporate different source data 
into change detection applications. However, different source data associated with different data 
accuracies and formats often affect the change detection results. 

In recent years, incorporation of multi-source data (e.g. aerial photographs, TM, SPOT and previous 
thematic maps) has become an important method for land-use and land-cover (LULC) change 
detection, especially when the change detection involved prolonged period intervals associated with 
different data sources, formats and accuracies or multi-scale land-cover change analysis (D. LU, P. et 
al., 2003). Thus, the powerful GIS functions provide convenient tools for the multi-source data 
processing and are effective in handling the change detection analysis using multi-source data. 

 

Table 7 Algorithm on Change Detection Analysis for PALUM 

Techniques Characteristics Advantages Disadvantages Level Key factors 
Image 
differencing 

subtracts the first 
data image from a 
second-date image, 
pixel by pixel. 

Simple and 
straightforward, 
easy to interpret 
the results. 
 
 

Cannot provide 
a detailed 
change matrix, 
requires 
selection of 
thresholds. 

Simple Identifies 
suitable image 
bands and 
thresholds. 

Integrated 
GIS and 
Remote 
Sensing 
method 

Incorporates image 
data and GIS data, 
such as the overlay 
of GIS layers 
directly on image 
data; moves results 
of image 
processing into GIS 
system for further 
analysis. 
 

Allows access of 
ancillary data to 
aid interpretation 
and analysis and 
can directly 
update land-use 
information in 
GIS. 

Different data 
quality from 
various sources 
often degrades 
the results of 
LULC change 
detection. 

Advance The accuracy 
of different 
data sources 
and their 
registration 
accuracies 
between the 
thematic 
images. 

GIS 
approach 

Integrates past and 
current maps of 
land use with 
topographic and 
geological data. 
The image 
overlaying and 
binary masking 
techniques are 
useful in revealing 
quantitatively the 
change dynamics in 
each category. 

This method 
allows 
incorporation of 
aerial 
photographic 
data of current 
and past land-use 
data with other 
map data. 

Different GIS 
data with 
different 
geometric 
accuracy and 
classification 
system 
degrades the 
quality of 
results. 

Advance The accuracy 
of different 
data sources 
and their 
registration 
accuracies 
between the 
thematic 
images. 

Source: Change detection techniques (D. LU, P. et al., 2003) 
 



20 

The contributions of GIS to change detection analysis include map registration, re-projection, and 
scaling functions. GIS provides an ideal environment to perform change detection using methods that 
have been developed to collect, organize, and evaluate spatial data. Change detection in GIS is a 
method of understanding how a given area has changed between two or more-time periods. 

It can be used to measure four several types of change such as rely on historic map sources used to 
inventory potential changes to mapped features including: 

1. Change in the identify of a feature over time. For example, the change in type of retail store 
at a given location.  A local restaurant may go out of business and be replaced by a toy store.  
The actual physical building hasn’t changed, the type of categorized land use hasn’t change 
(commercial), but the specific identity of the store has change. 

2. Change of a feature’s location over time.  Change detection can be used to track the 
movement of a feature. 

3. Change of a feature’s shape over time. Change detection can be used to understand shrinkage 
in a specific specie’s habitat over time or the changes in the shape of a river or lake. 

4. Change in a feature’s size over time. Change detection can also measure the extent of a 
feature.  Does the urban area grow or shrink between two-time points? 

Due to original datasets from MRCS are GIS vector files which were processed by segmentation from 
Landsat images 2010. Therefore, MCs might conduct by following steps; 

 

Pixel-based change detection (if apply the raster-based datasets) 

1) Apply the rasterization to convert vector datasets to be raster datasets by assigning the 
minimum map unit as 1 pixel = 30m. (same as original LANDSAT data source.) Or 

2) Apply function Image different in Image Analysis tool in ArcGIS; Or 
3) Apply function raster calculator in ArcGIS  

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 2 Sample of Raster Tool 
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Object-based change detection (if apply the vector-based datasets) 

1) To compare the differences between two vectors datasets use the Feature Compare tool 
under Data Management –> Data Comparison; Or 

2) To apply basic overlay analysis by using Boolean logic in GIS technique (Union and/or 
Intersect); And 

3) Due to an Intersect Tool can only operate on a limited amount of vertices. Be careful the silver 
polygons after overlay analysis by using vector format (fix by command eliminate); Then 

4) Apply pivot table from Excel to summarize the change detection in table 
 

 

 

 

 

 

 

 

 

Figure 3 Sample of GIS Tools and output 
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3. Case study (Agricultural land use change) 
The consultant should conduct one or two case studies in each Member Countries (MCs). The case 
studies are undertaken to obtain detailed information to identify and analyze driving forces of major 
agricultural land use change and impacts of land use change to local people’s livelihood in the pilot 
areas. This section explains criteria for case study selection and semi-structure interview, including 
sample size determining and allocation, and the questionnaire form and its explanations. 

3.1 Selection criteria for case Study 

The case study site should be; 

- Selected within pilot area for one or two agricultural land use change projects, for example, 
the conversion from paddy fields to Para-rubber plantation or the conversion from paddy 
fields to cassava; 

- The selected cases can be representative for major agricultural land use change in each MC 
for LMB; 

- Data and information acquisition available and sufficient for the driving forces and impacts 
assessments. 

3.2 Gender issue 

In the rural areas of the LMB, women assume major water related responsibilities. The reduced 
availability of rice and fish due to water and related developments often has more negative impacts 
on women as they are responsible for growing and preparing most of the food and carry out most 
home food processing. To address the most challenging gender gaps in economic opportunity and 
influence in society will be an essential issue for MRC. Promoting gender responsive planning of water 
and related resources as well as disaster risk reduction is a priority during the Basin Development Plan 
2016-2020 in the Lower Mekong Basin. Therefore, integrating gender perspectives into the planning 
and implementation of MRC’s activities remains crucial. In current MRC Strategic Plan (SP 2016-2020), 
MRC include the Gender Mainstreaming Strategy to direct that all assessments, strategies, guidelines, 
projects and related work must be gender-sensitive (MRC, 2015). In this pilot study of agricultural land 
use monitoring, the team will incorporate the gender issue in the data collection using semi-structure 
interview using questionnaire and focus group discussion. 

3.3 Semi-structure interview 

The semi-structure questionnaire is used to identify the process of land use change, economic and 
labor allocation before/after the change. This section explains how to calculate the sample size for the 
semi-structure interview of households/farmers survey and how the samples should be allocated in 
areas. The questionnaire of data collection for case study is also illustrated in this section.  

3.3.1 Determining sample size 

The larger sample size can ensure and reflect truly answers of the total of population, however, too 
large samples use more time, resources and money, on the other hands, too small samples lead to 
inaccurate result. There are various statistical formulas and techniques, however, a common-use 
formula for the sample size calculator, using modified Cochran’s Formula (Stephanie, 2018) can be 
applied for this study (CRS, 2018; Raosoft, 2018; SurveyMonkey, 2018). 
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𝑛𝑛0 =  
𝑍𝑍2 × 𝑝𝑝(1− 𝑝𝑝) 

𝑒𝑒2
 

𝑛𝑛 =  
𝑛𝑛0

1 + �(𝑛𝑛0 − 1)
𝑁𝑁 �

 

Where: 

• e is the desired level of precision (i.e. the margin of error), 
• p is the (estimated) proportion of the population which has the attribute in question, 
• n0 is Cochran’s sample size recommendation, 
• N is the population size, and  
• n is the new, adjusted sample size. 

Example: At the 95% confidence level and 5% accepted margin of error in a population of 20,000 
households/farmers of our case study(-ies), a random sample of 377 households in our target 
population should be enough to give the confidence levels we need. 

The sample size of this study will be different in each Member Country due to number of total 
households of the selected case studies, time and budget. The national experts can identify their 
sample size based on their observation, information from secondary data collection, and experiences. 
To calculate the sample size, the online calculator can be utilized, for example, Raosoft Inc. on  

http://www.raosoft.com/samplesize.html?nosurvey.  

However, it is recommended to use 50 samples at minimum in each category2 but if the area is larger 
than 40,000 hectares, then there should be at least 75-100 sample per category (McCoy, 2005). The 
experts may need to consider number of sample size to be enough to accomplish the goals of the 
study on interpretation and analysis of driving forces of the significant land use change related to 
agriculture, its impacts on local people’s livelihood, potential adaptation measures, and 
recommendation on agricultural land use management policy.  

3.3.2 Allocation of sample size 

The proportionate allocation can be applied for this study. The sample size is allocated proportionally 
to the size of each stratum: 

𝑛𝑛ℎ =
𝑛𝑛0𝑁𝑁ℎ
𝑁𝑁

 

where: 
h = stratum, with h = 1,2,3, . . . h . . . H 
nh = stratum sample size 
n0 = desired sample size 
Nh population size of the hth stratum and ∑ 𝑁𝑁ℎ = 𝑁𝑁𝐻𝐻

ℎ−1  

This propriate stratified sampling provides the sample size allocated to each stratum to be 
proportionate to the relative size of that stratum in the target population. The sampling fraction is 
applied to each stratum, being a self-weighting sampling procedure. This method has an advantage in 
getting the precision of the population’s parameters. 

Example: If desired sample size (n0) of 400 out of 20,000 households of the selected case study (N) is 
assumed, the stratum sample could be; 

 

 
2 Category can be divided into each selected case study or sub-divided into specific locations of the case study 
(e.g. the case study of paddy rice-to-para rubber in So Phisai district of Buengkan Province in Thailand). 

http://www.raosoft.com/samplesize.html?nosurvey
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Table 8 Example of allocation of sample size 

Stratum Nh nh 
District 1  4,000   80  
District 2  5,000   100  
District 3  2,000   40  
District 4  3,500   70  
District 5  5,000   100  
District h  500   10  

N and n0  20,000   400  
Remark: If the Nh is unknown, equal allocation can be applied. 

3.3.3 Case Study/Questionnaire 

Agricultural Land Use Monitoring 

INSTRUCTION:  

This questionnaire is for national consultants to interview representative(s) of selected agricultural 
land use change project(s). During the interview, members of the family or households can be invited 
to assist the interviewee to provide information. 

Regarding data collection, besides the interview, the national consultants should collect all available 
relevant documents from commune administration office and the households. 

The interviewer starts by providing brief introduction including purpose of the survey to participants. 
The below information should be used for that. 

INTRODUCTION: 

Firstly, please INTRODUCE YOURSELF!  

The Mekong River Commission (MRC) is an organisation formed by Cambodia, Lao PDR, Thailand and 
Vietnam in 1995 with the purpose “To promote and coordinate sustainable management and 
development of water and related resources for the countries' mutual benefit and the people's well-
being”.  

The village survey that we are conducting is under the activity “Piloting of Agricultural Land Use 
Monitoring” for “Basin-wide survey to identify areas of transboundary impacts and where irrigation 
project should be promoted” of MRC. This survey includes household representative interview and a 
group discussion meeting.  

The main purpose of this interview, today is to: 

 Get basic information on the village including its characteristics and livelihood 

 Learn what agricultural land use changes have been occurred, and what are reasons of the 
change 

 Learn what did land use changes impact to environment, social and economic, and adaptation 
measures to address those impacts. 

Please feel freely to answer the questions. Thank you very much for your time to help us to complete 
the survey. 

The questionnaire form and its explanatory are illustrated in ANNEX I  
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4. Focus group discussion 
In this study, the focus group discussion is another tool to help the national experts to more 
understand of the situation and circumstance in their pilot study areas. Focus group discussion will 
allow the experts to understand things in deeper level than the surveys. It can better expose 
information that you would like to know in more details and deep insight, forming a comfortable 
environment that would allow participants to considerately response to questions in their own ways 
(Eliot & Associate, 2005). In general, the focus group discussion is organized with the carefully 
recruited participants around 5 to 10 people per group, but 6-8 people are preferred, of similar types 
of people and repeated groups. The meeting should be organized at ease environment and condition, 
regularly in circle seating, and able to be tape-recorded. The moderator plays an important role in the 
group discussion as he/she will a skillful person who leads the discussion with pre-determined 
questions and creates permissive environment. The analysis and report from the group discussion will 
be systematic, supportable, and proper reporting (Krueger, 2002). This section provides guidelines for 
the national expert team for the arrangement of the focus group discussion to support information 
and their analysis for the study. 

4.1 Objectives 
The group discussion meeting has 3 following objectives: 

- Identify driving forces of agricultural land use change,  

- Analyze the impacts of land use change on local people’s livelihood 

- Determine potential adaptation measures for the farmers and policy suggestions for 
the government 

4.2 Expected output of the meeting 
A result of the focus group discussion as a part of the piloting areas of agricultural land use 
monitoring report includes following main points: 

- Confirm the historical agricultural land use change and its direction 

- Confirm driving forces of the change in the pilot area, linked to the national level 

- Confirm impact of the change in environmental, social, and economics aspects on local 
people’s livelihood (positive and negative) 

- Confirm adaptation measures that have been implemented or implementing at the 
provincial level: description on what the option is, outcome and lesson leant 

- Prioritize list of the potential adaptation measures. 

4.3 Participants of the meeting 
The participants in the focus group discussion are suggested as following; 

- The focus group discussion team on the case study (national consultants), act as a 
moderator/facilitator and 1-2 rapporteurs and a person responsible for logistics of the 
meeting; 

- Representative of National Mekong Committee (if needed); 

- Socio-economic expert from MRCS (if available); 

- Farmers from the selected sites; 

- Experts on agriculture and rural development at district level; 

- 6 Representative farmers who are experienced in agricultural land use change. 
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4.4 Suggested agenda of the group discussion meeting 

 

Time Activity Responsible 

Morning session: Agricultural land use changes have been occurred since the past and their driving 
forces from experience of the community 

Part 1: Introduction 

8:30-8:35 Opening remark National 
consultant 
team/NMC 

8:35-8:40 Objective and tentative agenda of the meeting Consultants 

8:40-8:45 Self-introduction of participants All 

Part 2: Verify agricultural land use changes occurred in the pilot area 

8:45-9:00 Presentation: Overview of the pilot area, agricultural land use 
changes and direction of change 

Consultants 

9:00-9:40 Discussion on overview of the pilot area, agricultural land use 
changes and direction of change (change from/to, increase, 
decrease) occurred in the community 

All  

Part 3: Identify driving forces of agricultural land use changes in the pilot area  

9:50-11:00 

  

Presentation: Current and potential driving forces of agricultural 
land use changes 

Consultants 

11:00-11:30 Discussion on driving forces of agricultural land use changes All 

Afternoon session: Impacts of agricultural land use changes on local people’s livelihood and potential 
adaptation measures 

Part 4: Verify impacts of agricultural land use changes on local people’s livelihood 

13:30-14:00 Presentation: Positive and negative impacts of land use changes 
in environmental, social and economic aspects and projected 
impacts of development in the pilot area 

Consultants 

14:00-14:50 Discussion on impacts of agricultural land use changes All 

Part 5: Identify and prioritize adaptation measures 

15:00-15:20 Presentation: potential adaptation measures for farmers and 
policy suggestion for the government 

Consultants 

15:20-16:00 Discussion to evaluate each adaptation measure and policy All 

Part 6: Close the meeting 

16:00-16:15 Other issues to discuss All 

16:15-16:20 Closing remark National 
consultant 
team/NMC 

 

Note: Time is given as guidance to be timeframe for facilitating the meeting, however it is flexible 
depend on particular discussion topic. Starting time of the meeting can be adjusted to be suitable to 
participants of the meeting. 
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4.5 Logistic arrangement to organizing group discussion meeting 

National consultants with an assistant of representatives of NMC set up the meeting to: 

- Choose a venue where the atmosphere is less formal and easy to access by the local 
people 

- Minimize distractions, such as noise from passing vehicles or mobile phones. 

- Invite and facilitate participants to attend the meeting and inform the purpose and the 
time it will take beforehand 

- Set up meeting room. The meeting should be organized in informal way, so meeting 
place can be flexibly selected such as a hall of commune. 

- Prepare projector (if needed) 

- Prepare supplies and materials (e.g. handout, paper, pen for presentation and 
discussion etc.) in advance 

- Obtain a list of participants and some basic information, including full name, age, 
gender, occupation/position, contact information 

- Prepare snack preparation 

4.6 Presentation preparation 

As showed in the agenda of the meeting, the national consultants need to show several 
presentations. She/ he can select the effective and appropriate way to provide 
presentations that can be easy to understand by all level of participants. The content of the 
presentations and the way to prepare are explained as bellows: 

• Agricultural land use changes and their trends of change  

National consultants will use the collected/analyzed data and information from the 
participator maps and secondary data and the result of interview with farmer 
representatives to prepare this presentation. 

• Driving forces of agricultural land use changes 

The consultants are getting literature review on current and potential driving forces and the 
information acquired from the interview to further discuss what the important drivers in 
the past and current in the pilot area. 

• Impacts of agricultural land use change on local people’s livelihoods 

The consultants are getting literature review on positive and negative impacts of land use 
change (especially the major change in the pilot area), for instance, less usage of fertilizers, 
higher household income, and higher employment, to discuss what impacts of the change 
on local people’s livelihoods and their consequences. 

• Potential adaptation measures 

After identifying main driving forces, impacts and adaptation measures, the consultant 
proposes the list of adaptation measures and supports that farmers need from government. 

 

 



28 

4.7 Suggested question for discussion 

Moderator/facilitator of the discussion can use bellow questions to facilitate the discussion.  
The list of questions is grouped separately for each topic of discussion. 

• Discussion on overview of the pilot area, agricultural land use changes and direction of 
change (change from/to, increase, decrease) occurred in the community.  

This discussion comes after presentation on the topic. Some below question should be 
asked: 
- Can you confirm what I have just presented to you? Please remind participants about 

key points on each specific topic before asking the question 
- What were the major agricultural land uses of the pilot areas in the past? 
- What has been changed and the change direction in your community? 
- How do you estimate trends of the change in the area?  

• Discussion on current and potential driving forces of agricultural land use changes 

This discussion also followed by a presentation of the driving forces of change in the area. 
Discussion questions can be included: 
- How has the agricultural land changed? 
- What are reasons of the change? 

• Discussion on impacts of land use changes in environmental, social and economic aspects 
and projected impacts of development in the pilot area.  

The potential questions can be: 
- What effect does it have on farming and livelihoods? 
- What are the consequences of these effects? 

• Discussion on potential adaptation measures and suggestions to government policy 

This discussion also followed by a presentation on potential adaptation measures for 
farmers and policy suggestion for the government. Questions can be used to get opinions 
from participants, include: 
- Any more information that you may need to add or something you want to correct? 
- Which are measures have been successful implemented? What are reasons? 
- What kind of support is needed, or should the community be taking? 

4.8 Some suggestion to run the group discussion meeting 

- The meeting should be conducted in informal style in order to get participants freely to 
talk. 

- Timing and question can be flexible. Questions out of above list are encouraged to use if 
they can help to understand better the reality. However, the consultant as meeting’s 
moderator needs to keep the meeting on track to achieve all agenda’s item of the meeting 
on time. 

- Regarding participants, the meeting should have at least 3 women from both farmers and 
government sides. 

- Moderator should create an atmosphere in which women and men feel respected, safe, 
and encouraged to share their views, and to interact with women and men with different 
views. 

- The meeting should be recorded. 
- The consultant needs to prepare well all mentioned presentations before the meeting and 

take well all key notes during the meeting. 
- Moderator should use easy and suitable language to participants. Try to avoid academic 

terms during the meeting. 
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Country code + XXX (e.g. LA001) 

ANNEX I 

CASE STUDY / QUESTIONNAIR – DATA COLLECTION FORM 

Created by AGRICULTURE AND IRRIGATION TEAM, PLANNING DIVISION 2017 

 

Questionnaire Code: ________________________________________________________________ 

A. General Information 

1. Name of interviewer __________________________________________________________ 

2. Date (dd/mm/yyyy) ________________________ Time (hh:mm) __________________ 

3. Location (please specify address or at least district and province) _______________________ 

Coordinate (UTM) 

X (Easting) Y (Northing) 

  

 

**In case that the exact location of the land can be identified. 

 

4. Head of the household    ☐  M    ☐  F  Age _________________________years old 

5. Name of respondent __________________________________________________________ 

6. Status of the respondent in the household _________________________________________ 

7. Age ___________________________________years old  Gender    ☐  M    ☐  F 

8. Marital status ☐  Married  ☐  Widow  ☐  Separated ☐ Single 

9. Religion______________________________ Citizenship___________________________ 

10. Educational status  ☐  cannot read or write   ☐  less than high school   ☐  High school 
diploma or equivalent   ☐  Associate’s degree   ☐  Bachelor’s degree   ☐ Higher education 
level 

11. Number of members of the household ___________________________________________ 

12. For how long have your family been cultivating in this land/utilizing? (In years) _____________ 
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B. Agricultural land use: Part B is aimed to collect data/information status of the agricultural land 
and farm management. 

13. Please describe below information on major land use/land cover (if there is more than 1 type, 
please choose two most important types) 

Information Previous Current 

In which year that the farmer 
changed from the previous land 
use to the current land use? 

  

Land use/land cover types 

 

  

Total area (ha) 

 

  

Crop variety (Optional) 

 

  

Number of crops per year, 
cropping season 

  

Rotational (R) or Permanent (P) 

 

  

Irrigated (I) or Non-irrigated 
(NI). If irrigated, what type of 
irrigation system? 

  

How did you obtain the lands?3 

 

  

Do you have official documents 
on the land? (Y/N). If yes, please 
specify. 

  

Production (Ton) 

 

  

Annual average yield (ton/ha) 

 

  

Annual average production cost 
(USD/ha) 

  

What is your market? 

 

  

Labour (Hire=H, Family=F, Hire 
and Family = HF) 

  

 

 

 
3 Coding: R=Rent, B=Bought, I=Inheritance, C=Clearing, O=Other (please specify) 
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C. Driving forces of agricultural land use change 

14. Please list what are drivers of your agricultural land use change and explain in detail. 

Characteristic Detailed information 

Economic factor (e.g. 
market trends, price, 
labour costs) 

 

 

 

 

 

 

Institutional factor (e.g. 
government support, 
policies, property rights) 

 

 

 

 

 

 

Location factor (e.g. 
infrastructure existence, 
transportation) 

 

 

 

 

 

 

Environmental factor 
(e.g. climate condition, 
flood) 

 

 

 

 

 

 

Sociocultural factor (e.g. 
inheritance, migration, 
poverty) 
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D. Impacts of agricultural land use change 

15. Please specify the environmental impacts from land use change 

Information Previous Current 

Fertilizer: chemical or organic, 
formula or specific type, how 
many? (kg/ha), how often? 

  

Other chemical or organic inputs 
(e.g. pesticide, herbicide): 
quantity, how often? 

  

Water requirement/use 
(MCM/annum) 

 

  

Biodiversity – are there any 
increase/decrease of local 
animal/plant species? 

  

Surface runoff (H=Higher, 
L=Lower) – are there any 
increase/decrease of soil 
erosion by visual? 

  

Machinery usage 

 

 

  

 

16. Please specify the social and economic impacts from land use change 

Information Previous Current 

Household (HH) Income source 
from agriculture production 
(USD/year) 

  

HH Income source from off farm 
work (USD/year) – what types of 
work? 

  

HH expenditure for agriculture 
inputs/activities (USD/year) 

  

HH expenditure on food 
(USD/year) 

  

HH expenditure for others 
(USD/year) 

 

  

Secure employment/market 
(Y/N), how? 
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Information Previous Current 

Access to improved health 
facilities 

  

Access to safe water supply 
system 

  

 

E. Adaptation measures/activities 

17. Are there adaptation measures/activities for impacts of agricultural land use change in the 
community? For each adaptation measure/activity, please describe: (You may need to write 
down in other blank paper as below table is not enough space) 

 

Project name: ………………………………………………………………………………………………………………………………… 

Type of adaptation 
activity 

 

 

 

Where?  

 

 

Who? (Who did 
implement and 
support/ fund?) 

 

 

 

When?  

 

 

Why? (reason to 
implement) 

 

 

 

How? (How to 
implement) 
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Project name: ………………………………………………………………………………………………………………………………… 

Type of adaptation 
activity 

 
 
 

Where?  
 
 

Who? (Who did 
implement and 
support/ fund?) 

 
 
 

When?  
 
 

Why? (reason to 
implement) 

 
 
 
 

How? (How to 
implement) 

 
 
 
 
 
 

 
Project name: ………………………………………………………………………………………………………………………………… 

Type of adaptation 
activity 

 
 
 

Where?  
 
 

Who? (Who did 
implement and 
support/ fund?) 

 
 
 

When?  
 
 

Why? (reason to 
implement) 

 
 
 
 

How? (How to 
implement) 
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Explanation of the questionnaire 

Questionnaire Code: The national working team identifies the code of each questionnaire by 
“Country code + three (3) digits of number” starting from 001 to XXX, which should equal to number 
of their samples for the case studies. The country codes for Cambodia, Lao PDR, Thailand and 
Vietnam are KH, LA, TH and VN, respectively. Example is “LA001”. 

A. General Information: Part A is aimed to collected general information for the target areas and 
households, including locations, name and status of the respondents. 

1. Name of interviewer: Name of a national expert, who interview or ask information from a 
farmer or representative of the selected case. The name should include “Prefix (Mr. or Ms.) 
+ first name + last name”, for example, Mr. John Smith. 

2. Date (dd/mm/yyyy): The interview date format is by “2-digit day/2-digit month/4-digit year 
in B.C.”. For example, if the date of interview is 2 March 2018, it should be recorded as 
“02/03/2018”. 
Time (hh:mm): It can refer to the starting time of interview in the 24-hour clock (00:00-
24:00). For example, if the interview time is quarter past three in the afternoon, it should be 
recorded as “15:15”. 

3. Location: Identify the address of the farm/land of the selected case study. If the exact 
address is not available, the location of the land in Village, Sub-district, District, and Province 
should be provided. At least, location at district level should be identified. 

4. Coordinate: The reference system used in this study is World Geodetic System 1984 
Universal Transverse Mercator Zone 48 North or WGS_1984_UTM_Zone_48N. This question 
is optional. The interviewer can record using GPS tool in case that the interview is conducted 
at the site. 

X (Easting) Y (Northing) 

662362.79 1521284.06 

5. Head of the household: Identify sex (Male – M or Female -F) of head of household, who is 
running the household and looking after a qualified dependent. Generally, head of 
household leads decisions of his/her family and/or pay more than 50% of the costs involved 
in running the household. 
Age: Identify how old is the head of household (e.g. 48 years old). 

6. Name of respondent: Name of a person, who is interviewed or asked information of the 
selected case. H/She can be a head of household or a representative of household but must 
be able to provide information/status of the case, including history of land use change, 
driving forces of the change, land management, farm’s production, and family’s income, etc. 
The name should include “Prefix (Mr. or Ms.) + first name + last name”, for example, Mr. 
John Smith. 

7. Status of the respondent in the household: The respondent can be head of household or a 
representative, who is a member of household and usually is a relative of head of 
household, for example, husband, wife, son, daughter, nephew, niece, etc. Does the 
respondent or others in the family are part of decision for changing land use? 

8. Age: Identify how old is the respondent (e.g. 28 years old). 
Gender: Identify sex of the respondent either male (M) or female (F) 

9. Marital status: Identify marital status of the respondent. Check in the boxes either H/She is 
married , widow, separated, or single. 
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10. Religion: Identify religion of the respondent, for example, Christianity, Catholicism, Islam, 
Hinduism, Buddhism, Ethnic religion or Irreligion 
Citizenship: Cambodian, Laotian, Thai, Vietnamese, etc. 

11. Educational status: Identify the level of education of the respondent either h/she cannot 
read or write, completed less than high school, received high school diploma or equivalent, 
or graduated with Associate’s degree, Bachelor’s degree, or Higher education level. 

12. Number of members of the household: how many people in the household/family? 

13. For how long have your family been cultivating/utilizing in this land? (In years): It does not 
matter that the farmer is a land owner or not, but identify the period of cultivating or using 
the land. 

B. Agricultural land use 

14. Please describe below information on major land use/land cover (if there is more than 1 
type, please choose two dominant types) 

Information Previous Current 

In which year that the farmer 
changed from the previous land 
use to the current land use? 

Please specify the period of plantation of previous and current 
LULC. 

Ex. 2003-2010 2010-2016 

Land use/land cover type Specific LULC type under single class of LCCS3, corresponding to 
the selected case study(-ies) of before and after the change. 

Total area (ha) Areas of land cultivation/utilization in hectares. 

Crop variety For example, rice (long rice, red rice, sticky rice, Jasmine rice, 
white rice, Riceberry, floating rice), sugarcane (ISD30 in 
Bangladesh, K8865 in Thailand, PS862 in Indonesia), cassava 
(sweet cassava, bitter cassava), coffee (Robusta, Arabica, 
Geisha, Java), tea (Chinese sinensis, large-leaved Assam) 

Number of crops per year, 
cropping season 

Identify how many times of the crop cultivation in one year. For 
example, rice can be 1-3 crops per year and cassava can be 1 
crop per year. This is mainly for annual crops. 

For cropping season, please identify the monthly period of 
cropping. 

Identify as “Biennial” for the plants grown for 2 years and 
“Perennial” for the plants grown more than 2 years. 

Rotational (R) or Permanent (P) Identify as “R” if the cropping practice includes a series of 
different types of crops in the same area in sequenced seasons. 

Identify as “P” if the same crop has been grown in the same 
place for many years. 

Irrigated (I) or Non-irrigated 
(NI). If irrigated, what type of 
irrigation system? 

Identify as “I” if the irrigation system was/is applied on the 
land. Types of irrigation system can include surface irrigation, 
ditch irrigation, micro-irrigation, drip irrigation, sprinkler 
irrigation, subirrigation, terraced irrigation, manual irrigation. 

Identify as “NI” if there is no irrigation. The land depends on 
rain-fed. 
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Information Previous Current 

How did you obtain the lands? Coding includes R=Rent, B=Bought, I=Inheritance, C=Clearing, 
O=Other (e.g. government land allocation). 

Do you have official documents 
on the land? (Y/N), If yes, please 
specify. 

The official documents can be land registration, rental 
agreement or contract, etc. 

If have official documents, what type of documents and whose 
name on the documents? 

Production (Ton) Total crop production in tons for the whole land. 

Annual average yield (ton/ha) The yield of crop per unit area of land cultivation in hectarage 
in one year. 

Annual production cost 
(USD/ha) 

Estimated costs of crop production per unit area in hectarage in 
one year 

What is your market? Example: local market, farmer’s market, factory, merchant, 
distributor, government, exporter, international market, online 
market, etc. 

Labour (Hire=H, Family=F, Hire 
and Family = HF) 

Identify as “H” if hired labour is applied. 

Identify as “F” if using only family members for farming 
practices. 

If apply both family and hired labour, identify as “HF” 

 

C. Driving forces of agricultural land use change: Part C is aimed to collect data and information 
for qualitative analysis. Answers can be used and benefit to the national working teams to 
answer why farmers had decided to change their agricultural land use. The national experts may 
need to develop or use different questions in order to get enough information for their further 
analysis of the driving forces of the changes. 

15. Please list what are drivers of your agricultural land use change and explain in detail. 

Characteristic Detailed information 

Economic factor (e.g. 
market trends, price, 
labour costs) 

Economic factor is a set of important information that affects or 
influences the investment’s value in the future. 

Example:  
- Higher cost and benefit of current crop productions,  
- more and wider markets, more opportunities for export,  
- use less hired labours or lower labour costs,  
- reduction of costs for inputs due to less chemical fertilizers and 

herbicides usage,  
- increase energy costs, etc. 

Institutional factor (e.g. 
government support, 
policies, property rights) 

Institutional factor is more relating to the factors formulated or 
managed by an institution. 

Example:  

- Government policies or programs to support and promote the 
cultivation such as subsidized inputs or contract farming,  

- lower tax rates for the specific crops,  
- lower interest rate for agricultural loan,  
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Characteristic Detailed information 

- lack of land ownership,  
- policy changes etc. 

Location factor (e.g. 
infrastructure existence, 
transportation) 

Location factor is more related conditions or situation within areas or 
community and refers geographic location from one to another. 

Example:  

- existence of the factories,  
- more efficient transportation system and service lead to new 

market accessibility,  
- existence of water and power supply,  
- urbanization, etc 

Environmental factor 
(e.g. climate condition, 
flood) 

In this study, environmental refers to ecological and natural conditions 
that influences living organisms such as temperature, amount of water, 
presence of decease and predators. 

Example:  

- rising of sea levels, more period of intensified rainfall or 
drought,  

- spreading of crop pests and deceases,  
- lower soil fertility,  
- land degradation,  
- disaster, etc. 

Sociocultural factor (e.g. 
inheritance, migration, 
poverty) 

Sociocultural factor refers to large scale forces within communities, 
family, and society that affect the thoughts, feelings, and behaviours. 

Example:  

- changes in people’s lifestyles,  
- young generation is more/less interested in agricultural 

practices,  
- migration to live urban areas,  
- agricultural practices cannot cover costs of living of the 

household that leads to labour forces transferring to other 
sectors, etc. 

 

D. Impacts of agricultural land use change: Part D is aimed to collect data and information 
comparing between previous and current agricultural practices and farm management. This 
information will facilitate the national experts to analyse the impacts of agricultural land use 
change on environmental, and social and economic aspects. 

16. Please specify the environmental impacts from land use change 

Information Previous Current 

Fertilizer: chemical or organic, 
formula or specific type, how 
many? (kg/ha), how often? 

Provide information on fertilizer application on farmlands. 
Type: Chemical fertilizer (e.g. Eurea, Ammonium Nitrate, 
Potassium Sulfate). Organic fertilizer (e.g. green manure, 
chicken manure) 

How many kilograms of each type of fertilizer applied on the 
farmlands (kg/ha) and how often (e.g. twice a year – before 
plantation and during flowing) 
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Information Previous Current 

Other chemical or organic inputs 
(e.g. pesticide, herbicide): 
quantity, how often? 

Provide information on other inputs applied on farmlands. 

Example: Spraying chemical pest control agents once a year 
during blooming seasons. It is good if the information of brand, 
chemical name (e.g. Bifenthrin, Chlorpyrifos), dosage and 
concentration of usage can be identified. 

The biological methods such as predation or trapping can also 
be mentioned here. 

Water requirement/use 
(MCM/annum) 

Record water requirement/use for the lands in one year in 
million cubic meters. 

Biodiversity – are there any 
increase/decrease of local 
animal/plant species? 

As of experiences of farmers/land owners, is there any loss, 
restore, or emerge of local animal/plant species in their lands, 
or surrounded areas, or community? Please specify types of 
those local animals and plants. 

Surface runoff (H=Higher, 
L=Lower) – are there any 
increase/decrease of soil 
erosion by visual? 

Surface runoff occurs water from excess rainfall, snowmelt or 
other sources flows over the land surface. And by visual, do 
they observe any water erosion on their lands. 

Type of erosion: (NSF, 2018): 
- SHEET EROSION: Removal of thin layer of soil from a 

large area. 
- RILL EROSION: A series of small channels on a slope 

carved by running water. 
- GULLY EROSION: Large, wide channels carved by 

running water. As a rule of thumb, a gully is large 
enough that it cannot be smoothed out with 
conventional tillage equipment. 

Machinery usage Agricultural machinery: tractor, rotary tiller, sprayer, rice huller, 
harvester, etc. 

 

17. Please specify the social and economic impacts from land use change 

Information Previous Current 

Household (HH) Income source 
from agriculture production 
(USD/year) 

Describe total income of household/family attained from 
agricultural production in one year. 

HH Income source from off farm 
work (USD/year) – what types of 
work? 

Describe HH income from other sources apart from income 
from agricultural practices, for example, construction, fishing, 
manufacturing, trade, other services, etc. 

HH expenditure for agriculture 
inputs/activities (USD/year) 

Describe HH expenditure for agricultural practices and for what 
activities, for example, fertilizer, seeds, packing materials, 
agrochemicals, oil and lubricants, cattle feed, machinery, 
machine maintenance, hired labour. 

HH expenditure on food 
(USD/year) 

Specify HH expenses spent for food consumption. 
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Information Previous Current 

HH expenditure for others 
(USD/year) 

Other expenditures for housing, rental, water, electricity, 
transportation, cloths, health, education, etc. 

Secure employment/market 
(Y/N), how? 

Identify whether the family has security in their 
employment/market for selling agricultural products or not and 
describe how was the status of security before and after land 
use change. 

Access to improved health 
facilities 

The change leads to better accessibility of health facilities, for 
example; Government constructed a standard local hospital for 
an expansion of community due to conversion of rangelands to 
farmlands; The coconut factory provide a mobile health check-
up program to the coconut farming community. 

Access to safe water supply 
system 

For example, better water supply system is offered from the 
local government. 

 

E. Adaptation measures/activities 

18. Are there adaptation measures/activities for impacts of agricultural land use change in the 
community? For each adaptation measure/activity, please describe: (You may need to write 
down in other blank paper as below table is not enough space) 

The national experts will use and analyse data and information collected from literatures and 
interview to ask about the adaptation measures/activities that related to impacts of agricultural land 
use changes in the community. 

Example:  

Expansion of agricultural areas can cause; 

- oversupply of the production, which affect to famers in the community not be able to sell 
their products; and 

- more water requirement for agricultural practices that may leads to water security. 
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Project name:  Adapting to markets and climate change project 

Type of adaptation 
activity 

Financial and marketing support, capacity building 

Where? Nicaragua  

Who? (Who did 
implement and 
support/ fund?) 

The Government of Nicaragua with support from the International Fund for 
Agricultural Development (IFAD)’s Adaptation for Smallholder Agriculture 
Programme (ASAP). 

When? 2013-2015 

Why? (reason to 
implement) 

To enhance the competitiveness of producers’ cooperatives and their members. 

How? (How to 
implement) 

• Facilitating access to markets for value added coffee and cocoa 
• Introducing water efficiency and crop diversification (from coffee to cocoa) 
• Improving dissemination of agro-climatic information 
• Building capacity of producer organizations and public institutions through 

training 
• Dissemination and scaling up of best practices 
• Engagement with the government, cooperation agencies, and private sector 

to promote and strengthen coffee and cocoa industries 

Source: https://csa.guide/csa/adapting-to-markets-and-climate-change-project-in-nicaragua-
nicadapta 

 

Project name:  Billion Dollar Alliance for Rainwater Harvesting 

Type of adaptation 
activity 

Technical, financial, policy and research support 

Where? Kenya 

Who? (Who did 
implement and 
support/ fund?) 

the World Agroforestry Centre (ICRAF) supported by the World Food Programme 
(WFP), and includes the cooperation of the national government and private 
sector partners. 

When? Starting in 2017 (10-15 years) 

Why? (reason to 
implement) 

To increase farmers’ income and to improve food security through coordinated 
irrigation 

How? (How to 
implement) 

• Construct one million farm ponds in Kenya to increase water storage 
within farms. This is projected to be done so at a rate of 100,000 ponds 
per year. 

• Promote the Rainwater Harvesting and Management Campaign 
• Create a platform for converging like-minded practitioners that need to 

collaborate to ensure successful scaling up of farm pond technology. 
• Adopt an innovative financing mechanism, Built, Manage and Transfer 

(BMT). 
• Guarantee production, marketing and repayment of loans by farmers 

Source: https://sustainabledevelopment.un.org/partnership/?p=11904  

https://csa.guide/csa/adapting-to-markets-and-climate-change-project-in-nicaragua-nicadapta
https://csa.guide/csa/adapting-to-markets-and-climate-change-project-in-nicaragua-nicadapta
https://sustainabledevelopment.un.org/partnership/?p=11904
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ANNEX VI. Mobile application for field data collection 

This mobile application for field data collection was developed for the Activity 1.7.1 Piloting Agricultural 
Land Use Monitoring (PALUM) of under the MRC Strategic Plan 2016–2020, arranged by the Agriculture 
and Irrigation team of the Planning Division (PD) with the support from the Technical Support Division 
(TD) of MRCS. On 6 March 2018, PD organized the Regional Working Session for the National Working 
Groups to discuss about the approaches, methods, and guidelines for implementing the activity in the 
same direction and standards. The Member Countries requested the Secretariat to develop a tool for field 
data collection and installation of the collected field data and finally agreed on the survey application that 
can be used for smartphone and tablet in Android. The intention of this initiative is also to encourage the 
paperless policy and improve database management at national and regional levels. 

Advantages of the survey application 

- The application was built on a user-friendly platform, which allow any limited-skillful person to
modify and customize.

- Many formats of questions and answers are available for users to select proper format to their
paper-based questionnaires.

- It can use with many users in different security levels from field surveyor, country supervisor,
and regional web administrator.

- There is a location tracking system available.
- The mobile application part can work both in online and offline mode. When there is available

signal, the application will automatically synchronize the offline data with the online mode.
- Field surveyors can submit the data collection during the field survey to the country supervisor

at the office to check and verify, while the regional web administrator can also check the data at
the same time.

- The basic report in a form of table, graph, chart based on the field data can immediately display
for data analysis.

This mobile application can be utilized to other MRC projects that require a tool for field data collection 
and database management, for instance, field data collection for Land Cover Mapping, SIMVA, or fish 
monitoring, Etc. The tool can assist the working environment that based in different locations and 
countries to be easier for communication and discussion of the results because the team can observe, 
assess and discuss on the data from the same source at the same time. 

How to install 

For the Survey Mobile Application on Android device; 

- Each field surveyor can download or save the AKP file1, provided by MRCS
- Each team leader and field surveyor will be provided the username and password to login the

mobile application by requesting from the MRCS as a web administrator.
- Each user will be limited authority of usage. Each field surveyor can input and modify his/her

own collected data only, while the national team leader/supervisor can review, input, and
modify the data collected by their team and preview the national report.

For Web-based back-office Content Management; 

1 Intellectual property rights -  IPR: Information, data, database, knowledge resources in the forms of briefings, 
reports, proceedings, articles, essays, etc. issued by and for the MRCS will be the MRCS property. Any utility, 
announcement and disclosure that are without MRCS highest levels of authority’ permission is considered illegal 
and will be charged by relevant local and international legal procedures. 



- Only the MRC web administrator and the national team leaders/supervisors can login and use 
this page. 

- Go to http://client.cam-mob.com/mrcsurveys/login 
- Login with the usernames and passwords provided by MRCS 
- The national team leaders/supervisors can preview the basic report of their respective 

countries. 
- The MRC web administrator can further edit the online questionnaire forms, set the permission 

for different users, and preview the basic reports from all teams/countries. 

The application templates and explanation of their functions and how to use are revealed in the next 

session. 

Combination of the mobile application 

The application tool for data collection for this project composes of 2 parts: 1) Survey Mobile Application 
on Android device and 2) Web-based back-office Content Management. The first function is the Survey 
Mobile Application, which was developed base on the interview questions for the case studies. However, 
some questions need to modify and adapt to make them more appropriate for using in the Mobile App 
and reporting purposes.  

A. Features included in the Mobile Application are following; 

1. Login with user name and password 
2. Synchronize new survey form from server if there is new forms 
3. Select a form to start a survey (off-line survey, no Internet connection needed) 
4. View survey history/review a survey data 
5. Automatically synchronize data to server when there is an Internet connection 
6. Alert to users when there is offline survey data that are not yet synchronized to server 
7. Time Stamps and location tracking when a survey is done 

The second function is the Web-based back office Content Manager, which was developed mainly for 
the MRCS to management the survey form and security levels of users, and the supervisors/heads of the 
National Expert Teams to view the survey report. The features of Web-based back-office are following; 

1. Manage user account and user permission to use a survey form 
2. Create/Edit/Publish/Delete a survey form template. Different types of questions include: 

a. Text 
b. Numerical 
c. Yes/No 
d. Multiple choice 
e. Single choice 
f. Scale 
g. Photo 
h. Date picker 
i. Location picker 
j. Order items 

3. View Report with graph and chart 
4. Export data in CSV format for further data analysis or import to MRCS data bases system 
5. Statistic of number of surveys done by a user filtered by month and country 

The instructions for the Survey Mobile Application and the Web-based back-office Content Manager are 

provided in the next pages. 

http://client.cam-mob.com/mrcsurveys/login


Documentation of using the Field Survey Mobile 
App

Version 1.0

1



Outline
1- Log in

2- Homepage

3- Survey

4- History

5- User profile
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1- Log in
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2- Homepage (½)
- To view userprofile
- To get update from server (questionnaire and 

history of survey)
- To view history
- To do survey
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2- Homepage (2/2)
- To send data to server and number of survey that 

not send yet. (show when has data to send only)
- To view userprofile
- To get update from server (questionnaire and 

history of survey)
- To view history
- To do survey
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3- Survey
- All fields are editable any time
- To go next question group
- Indicator question group
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3- Survey
- All fields are editable any time
- To go next question group
- Indicator question group
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3- Survey
- To save the answer for next time 
- The question with comment
- To go previous question group

8



3- Survey
- The question double answer (Previous and 

Current)
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3- Survey
- To repeat the question group

Note: the maximum of repeat the question group 
is 5 times
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Thank you!

11



Documentation of using the Field Survey Web 
admin

Version 1.2

1



Outline
1- Log in

2- Homepage

3- Manage user

4- Manage question form

5- View and download report

6- Manage interviewer

2

7- Manage country

8- Manage province

9- Manage district



1- Log in
Link: http://client.cam-mob.com/mrcsurveys/login

3

http://client.cam-mob.com/mrcsurveys/login


2- Homepage

4

Homepage is list of question form (form). See detail in 
link: http://client.cam-mob.com/mrcsurveys/

1- Button to log out
2- Button "Profile": top right after log out button to view your 
profile
3- Button "Search": to search the form by title
4- Button "Add form": to add a new form
5- Action "Duplicate": to duplicate the form
5- Action "Report": to view and download report
6- Action "Edit": to manage question in the form
7- Action "Delete": to delete the form

http://client.cam-mob.com/mrcsurveys/


2- Manage user (⅓)
- User role there 3 types: 

1- User: can be log in and use all features of mobile app.

2- Supervisor/team leader: can be use both platform (mobile app and web admin)

3- Super admin: can be log in and use all feature of webadmin

See detail in link: http://client.cam-mob.com/mrcsurveys/allUsers

5

http://client.cam-mob.com/mrcsurveys/allUsers


2- Manage user (2/3)

6

1- Search: search by name
2- Add User: add a new user(user, supervisor or super admin)
3- Actions

- View: view an information of user
- Change Password: change the password of user
- Edit: edit an information of user
- Delete: delete the user

See detail in link: http://client.cam-mob.com/mrcsurveys/allUsers

http://client.cam-mob.com/mrcsurveys/allUsers


2- Manage user (3/3)
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1- Role: Choose a user type(user, supervisor and super 
admin)
2- Country: Choose a country for this user

Email and Phone: they are optional field

Submit: to save this user

See detail in link: 
http://client.cam-mob.com/mrcsurveys/allUsers

http://client.cam-mob.com/mrcsurveys/allUsers


4-Manage question form
- The Form contain Group contain Sub-group contain question.
- The sub-group can be repeat question group as E. Adaptation 

measures/activities.
- Mobile App show a sub-group in one screen
- The question there are 5 types: multiple choice, single choice, text field, 

number field and Yes/No question.
- The question can be required question, has answer with comment and has 

double answer (previous and current)
- The question can be sortable by drag and drop

8



4-Manage question form (⅓)
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1- Assign to Users: the admin can assign the user (user: mobile 
app user) so after they logged in on mobile app then they can 
download this form to do survey.

2- Checkbox "Is Published?": checked mean this form will be 
available for mobile app can download if uncheck mobile app 
can not download this form.

See detail in link: 
http://client.cam-mob.com/mrcsurveys/form_surveys/add

http://client.cam-mob.com/mrcsurveys/form_surveys/add


4-Manage question form(2/3)
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1- Is Required? If checked so on mobile app has to answer 
this question. If uncheck this question is optional answer
2- Has previous/current  answer? If checked so on mobile app 
will be show to answer (Previous and Current answer)
3- Has comment? If checked so on mobile app will show 
answer with comment for this question
4- Add a new question in sub-group of question: there are 5 
question types

See detail in link: 
http://client.cam-mob.com/mrcsurveys/form_surveys/add

http://client.cam-mob.com/mrcsurveys/form_surveys/add


4-Manage question form (3/3)
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1- Add New SubGroup: to add a new sub-group. On mobile app will 
show a subgroup in one screen.
2- Add New Group: to add a group. Ex: A. General info.., 
B.Agricultural.., C….

3- Submit: to save this form so we can edit next time

See detail in link: 
http://client.cam-mob.com/mrcsurveys/form_surveys/add

http://client.cam-mob.com/mrcsurveys/form_surveys/add


5- Report (1/3)
- The report can be export as CSV file.
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1- Export CSV: we can export the report in CSV format 
(raw data).
2- Filter: we can filter the report in period and country
3- Number of report did by each interviewer
See detail in link: 
http://client.cam-mob.com/mrcsurveys/reports/view/50

http://client.cam-mob.com/mrcsurveys/reports/view/50


5- Report (2/3)
- The report can be export as CSV file.
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1- The report of question type(Multiple choice, 
Single choice and Yes/No) will show in graph like 
this.

See detail in link: 
http://client.cam-mob.com/mrcsurveys/reports/vie
w/50

http://client.cam-mob.com/mrcsurveys/reports/view/50
http://client.cam-mob.com/mrcsurveys/reports/view/50


5- Report (3/3)
- The report can be export as CSV file.
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- The report of question type (number field) will 
show in graph like this.

See detail in link: 
http://client.cam-mob.com/mrcsurveys/reports/vie
w/50

http://client.cam-mob.com/mrcsurveys/reports/view/50
http://client.cam-mob.com/mrcsurveys/reports/view/50


6- Manage interviewer (½)
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The interviewer is group by country. Ex: on mobile app we log 
in by an user of Cambodian so on first screen of conduct 
survey a list of interviewer will show the interviewer belong to 
his country.

See detail in link: 
http://client.cam-mob.com/mrcsurveys/interviewers

http://client.cam-mob.com/mrcsurveys/interviewers


6- Manage interviewer (2/2)
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1- Full name of interviewer
2- Country: Choose the country of this interviewer
3- Submit: Save this interviewer 

See detail: 
http://client.cam-mob.com/mrcsurveys/interviewers/add

http://client.cam-mob.com/mrcsurveys/interviewers/add


7- Manage country  (½)
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1- Short Name: for a prefix of "questionnare code" on first 
screen of conduct survey of mobile app.

The country is relate to "USERS", "INTERVIEWERS" and 
Address "Province"

See detail: http://client.cam-mob.com/mrcsurveys/countries

http://client.cam-mob.com/mrcsurveys/countries


7- Manage country  (2/2)
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See detail: http://client.cam-mob.com/mrcsurveys/countries/add

http://client.cam-mob.com/mrcsurveys/countries/add


8- Manage province

19

Province: use for address where interviewer do conduct survey on 
first screen of mobile app. It belong to country. Ex: on mobile app 
we log in by an user of Cambodian so on first screen of conduct 
survey a list of province will show the province belong to his 
country.

See detail: http://client.cam-mob.com/mrcsurveys/provinces

http://client.cam-mob.com/mrcsurveys/provinces


9- Manage district

20

District : use for address where interviewer do conduct survey on 
first screen of mobile app. It belong to province. Ex: on mobile app 
in the first screen of conduct survey when we chose the province 
"Phnom Penh" so the district will show all districts belong to 
"Phnom Penh"

See detail: http://client.cam-mob.com/mrcsurveys/districts

http://client.cam-mob.com/mrcsurveys/districts
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