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Cambodia and Viet Nam prepare  
transboundary aquifer project
A proposed $81 million project for the aquifer 

system stretching from the Tonle Sap to 
the Mekong Delta includes improving 

transboundary groundwater management 
and developing transboundary cooperation 

mechanisms. Aimed at strengthening 
environmental sustainability and water 

security in the Lower Mekong Basin, the 
five-year project starting in 2022 would be the 

first to focus on improved governance and 
sustainable use of the Cambodia-Mekong 

River Delta Transboundary Aquifer.

The Cambodian Ministry of Environment and the 
Vietnamese Ministry of Environment and Natural 
Resources are preparing a proposal for a project 
to enhance the sustainability of the transbound-
ary aquifer system shared by the two countries. 

Partly financed by the Washington-based Global 
Environment Facility (GEF), the five-year project is 
scheduled to start in 2022 with the Food and Agri-
cultural Organization of the United Nations (FAO) 
as implementing agency and the Cambodian and 
Vietnamese ministries as lead executing agencies. 
According to the GEF Secretariat, the project con-
cept was received in March this year and approved 
by the GEF Council through its Water Funds Win-
dow in June. The GEF has pledged a $15 million 
grant to the project, which is awaiting approval for 
implementation and the identification of a regional 
or transboundary partner. The GEF says the project 
is expected to attract $66 million in co-financing, in-
creasing the total cost to $81 million.

‘Global environmental significance’
According to the FAO office in Hanoi, a virtual in-

7/8/2020 Global Environment Facility (GEF) Operations

https://gefportal2.worldbank.org 35/51

Cambodia Mekong River Delta Transboundary Aquifer

Source: GEF/MRC
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ception workshop took place with Vietnamese and 
Cambodian participants and FAO officials on 7 
September this year. In a statement, the FAO said 
groundwater was “critical” for rice production and 
made a “substantial” contribution to the country’s 
gross domestic product (GDP). The transboundary 
aquifer "connects two ecosystems of global envi-
ronmental significance and socio-economic impor-
tance,” the UN agency said, referring to the Tonle 
Sap area and the Mekong Delta. “The Project ob-
jective is to strengthen environmental sustainability 
and water security in the Lower Mekong Basin by 
focusing, for the first time, on improved governance 
and sustainable utilization.”

A week after the virtual gathering, a national work-
shop was held for Cambodia with the Ministry of 
Environment, Ministry of Agriculture, Forestry and 
Fisheries, Ministry of Water Resources and Mete-
orology and Ministry of Rural Development. ”The 
workshop aimed at introducing all relevant stake-
holders to the project objectives, components and 
expected outputs, including the additional details 
required to prepare the full project document over 
the next 12 months,” the FAO office in Phnom Penh 
said in a statement released on 15 September. 
“The workshop was also used to discuss core is-
sues and collect feedback from national and sub-
national stakeholders regarding methodologies, 
approach, sector assessments, and preparation 
work plan in order to develop a comprehensive and 
implementable project proposal to be endorsed by 
the GEF.”

‘Heavily exploited’
According to the FAO, the transboundary aquifer is 
about 200,000 km2 in size with 63 percent of the 
system located within Cambodian territory. “The 
Mekong Delta’s groundwater has been heavily ex-
ploited for water supply and irrigation, with an es-
timated annual extraction rate of about 800–900 
million cubic meters. This has resulted in an alarm-
ing reduction in the groundwater levels. This issue 
is exacerbated by climate threats, including pro-
longed dry seasons and sea level rise,” the FAO 
said. “Cambodia heavily relies on its groundwater 
resources to overcome water shortages during the 
dry season and is mostly used in rural area. The 
groundwater is critical for rice production, an essen-
tial sector for food security, livelihoods, and export.”
 
The UN agency said a study by Stanford University 
in 2016 “found a growing reliance on groundwater 

use, indicating that it had grown by 10 per cent an-
nually in the Cambodian Delta. If it continues to ex-
pand at the current rates, the water table may drop 
below the ‘lift limit’ of suction pump wells used for 
domestic supply by more than 1.5 million people, 
throughout much of the area within 15 years. What 
is more, if the groundwater level drops, wetlands 
can dry out, causing several negative impacts. 
Wetlands play an important role in the hydrologi-
cal cycle, influencing groundwater recharge, low 
flows, evaporation and floods, providing habitat for 
fish breeding and offering natural cleansing water 
functions.”

‘We need to take urgent actions’
Ministry of Environment Secretary of State Sao 
Sopheap told the workshop that Cambodia had 
environmental and water resource laws focusing 
on areas such as groundwater protection, drink-
ing water standards and preventing the negative 
health impacts of arsenic in groundwater. But the 
secretary of state, who serves as the GEF political 
focal point at the Ministry of Environment, said chal-
lenges persisted due to limited data and informa-
tion about the groundwater.

'This project has been jointly 
developed to support the current 

efforts by the two countries'

“We need to take urgent actions,” he said, stress-
ing the need to strengthen transboundary ground-
water management and carry out “comprehensive” 
research on use and recharge, “then develop a joint 
action plan and management strategy to collabora-
tively oversee the groundwater resources.” He also 
highlighted the importance of building capacity to 
monitor and evaluate groundwater status through 
a database and knowledge-management system.

Assistant FAO Representative Oum Kosal told the 
workshop that the sustainability of water resources 
and health of the Mekong Delta and Tonle Sap eco-
systems “cannot be achieved without a proper and 
shared understanding of the regional groundwater 
flow regimes, especially with regard to the up-gra-
dient recharge zones within the regional territory. 
Having acknowledged the current threats to the 
transboundary aquifer system and barriers hinder-
ing the implementation of cooperative management 
framework for sustainable management and devel-
opment of the transboundary aquifer system, this 
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According to the GEF document for the transboundary 
aquifer project in Cambodia and Viet Nam, the land 
subsidence due to groundwater extraction in the Me-
kong Delta is compounded by two factors responsible 
for reducing deposits of sediment. “Geologically, the 
Mekong Delta is relatively ‘young’ and has received 
substantial amounts of sediment from areas further 
upstream,” it says. 

Sediment trapping  
“It is estimated that the Mekong Delta received an av-
erage of 200 million tons of sediment annually, which 
naturally fertilized the Delta and turned it into one of 
the world’s most productive agricultural (areas). Re-
cently completed dams in China and Lao PDR have 
started trapping most of these sediments, especially 
in the tributaries where most sediment originated from, 
but also along the mainstream.” The document notes 
that a recent MRC study estimated that the Mekong 

Land subsidence in the Mekong Delta 

Delta would lose more than 95 percent of previously 
received sediments due to upstream hydropower. 

'Sand mining continues to increase in 
Viet Nam and Cambodia to provide material 
for national construction industries and to 
support sand exports which are driven by 

Singapore’s land reclamation needs'

“In parallel, sand mining continues to increase in Viet 
Nam and Cambodia to provide material for national 
construction industries and to support sand exports 
which are driven by Singapore’s land reclamation 
needs,” it says. “This reduces deposited sediments 
in the nine branches of the Mekong. Both processes 
combined cause substantial erosion, which further ex-
acerbate land subsidence.” 

Estimated annual subsidence displacements in vertical direction in the Mekong Delta around Long Xuyen in An Giang Province between 
2017 and 2018. Areas shaded yellow, orange and red indicate ground sinking by as much as almost 4 cm. Images obtained by the Risk and 
Recovery Mapping Service of the European Union’s Copernicus Programme of dedicated EU satellites and contributing satellite missions by 
various commercial and national agencies.

Source: Indra Sistemas S.A.R. and Gisat s.r.o.
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Estimated annual subsidence displacements in vertical direction around Rach Gia in Kien Giang Province (top) and Ca Mau City in Ca Mau 
Province (bottom) between 2017 and 2018. Areas shaded yellow, orange and red indicate ground sinking by as much as almost 4 cm. Images 
obtained by the Risk and Recovery Mapping Service of the European Union’s Copernicus Programme of dedicated EU satellites and contributing 
satellite missions by various commercial and national agencies. 

Source: Indra Sistemas S.A.R. and Gisat s.r.o.
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The GEF project document identifies five issues of 
concern for the aquifer shared by Cambodia and Viet 
Nam — salinization and lowering of the water table, 
pollution and arsenic contamination, land and forest 
degradation, fisheries and habitats at risk, climate 
change and upstream hydropower development 

Salinization and lowering of the water table
“Groundwater levels have declined significantly, par-
ticularly in the delta area,” the project document says. 
“The observed decreasing levels of groundwater 
range from 10 to 80 cm/yr. Increased groundwater sa-
linity has also significantly affected freshwater supply 
capacity. The distribution of saline groundwater in the 
aquifers, which covers 62–84 percent of total area, is 
posing an immediate threat to the water supply. Due 
to the low geographical topography, sea level rise and 
growing groundwater consumption, the aquifers in the 
delta are increasingly vulnerable to seawater intrusion 
… The spread of salinity in the groundwater in the del-
ta is likely to be influenced by multiple causes, includ-
ing infiltration of seawater trapped during the deposi-
tion of sediments, leaching of aquifer host rocks, and 
re-circulation of irrigation water. The continuation of 
current pumping rates would most likely cause land 
subsidence of 0.35 to 1.4 meters by 2050. Adding pro-
jected sea-level rise results in a substantial inundation 
risk for large parts of the delta considering that most 
areas lie less than two meters above sea level.”

Pollution and arsenic contamination 
The GEF document says pollution from agricultural 
practices and households has been identified as the 
major source of groundwater quality degradation. An-
other concern in floodplain areas along the Mekong 
River is arsenic-contaminated groundwater with high 
arsenic concentrations of more than 10 parts per bil-
lion, the World Health Organization’s recommended 
limit for drinking water. “In Cambodia, around 20 per-
cent of aquifers are not suitable for human consump-
tion,” it says, noting that these are mainly associated 
with elevated levels of arsenic. The source of elevated 
arsenic concentrations is thought to be the release of 
arsenic from river sediments under highly reducing 
conditions. 

Land and forest degradation 
The project document notes that the extent and health 
of the region’s forests is continuing to decline, with 
increasing demand for timber and land driving defor-
estation and soil degradation. “Deforestation impacts 
on hydrology and related processes, such as flooding, 
soil erosion and mass soil movement, and poses a 

Groundwater-related issues of concern in the Cambodia-Mekong Delta aquifer

major forest in the downstream Tonle Sap area is a se-
rious threat to fish reproduction and refuges,” it says. 
“The agricultural encroachment that follows deforesta-
tion often causes the loss of traditional land-use rights 
and traditional conservation mechanisms." 

Fisheries and habitats at risk 
According to the GEF document, fisheries manage-
ment is a "prime example of a transboundary issue 
that challenges the two riparian countries and must 
be dealt with cooperatively. Any change in the ecosys-
tem occurring in the upstream region will affect and 
impact on the livelihoods of millions of people whose 
food supply and economic activities rely heavily on 
fishery resources in the downstream areas. Ground-
water quality and availability, and the preservation of 
the groundwater dependent flooded forest are key 
conditions for the survival and sustainability of fishery 
resources in the region.” Groundwater in the Mekong 
Delta in Viet Nam is critical not only for rice production 
but also the farming of shrimp, an increasingly impor-
tant export. “These economic gains have only been 
achieved at great environmental cost. Few areas of 
natural or semi-natural habitat remain in the delta that 
are not subject to ever increasing levels of human 
exploitation, many of which are unsustainable,” the 
document says.

Climate change 
In the worst-case scenario, average temperatures 
in the region will rise by 0.9 to 1.4 degrees by 2050. 
Over the same period, rainfall will decrease in the dry 
season and increase in the wet season while sea lev-
els will rise by 26 to 32 cm. “Sea level rise is a major 
threat to the social-ecological system of the Mekong 
Delta as salinity creeps up the rivers and causes the 
decline of soil productivity,” the GEF document says. 
“This process is accelerated by excessive groundwa-
ter pumping in most areas of the Mekong Delta. In-
creased salinity reduces the productivity of rice and 
many other crops, which affect food security, house-
hold income, and levels of poverty.” 

Upstream hydropower development 
The project document also notes that groundwater 
levels are altered by hydropower development up-
stream. “The operation of existing and planned dams 
affects aquifer recharge dynamics and the flood cy-
cles,” it says. “Hydropower development in the Me-
kong River basin defines a major focus for ongoing 
negotiations and research concerning transboundary 
water management.” 
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project has been jointly developed to support the 
current efforts by the two countries.”

The FAO said the project would include technical 
assistance to establish joint science-based diag-
nostics for groundwater dynamics (recharge and 
extraction) and effects on ecosystems (notably fish-
eries and wetlands) and livelihoods. It would also 
test solutions for improved transboundary ground-
water management; develop transboundary co-
operation mechanisms, joint strategies and action 
programmes; and reinforce institutional capacity, 
improved participation, gender mainstreaming, and 
coordination (see table below).

According to the GEF’s project identification form, 
indicative sources of the $66 million in co-financ-
ing include $36.5 million from public Vietnamese 
investment in irrigations and economic restructur-
ing along with $5 million of financing in-kind from 
the Ministry of Agriculture and Rural Development 

and the Ministry of Natural Resources and Environ-
ment in Viet Nam. In Cambodia, three projects of 
the Asian Development Bank (ADB) and a project 
of the UN’s International Fund for Agricultural De-
velopment (IFAD) have indicated a further $24.5 
million in co-financing.

'The upstream section in Cambodia 
has a single alluvial aquifer overlying older 

“hard rock” formations while the delta in Viet 
Nam has at least eight alluvial aquifers'

The project document says a key hydrogeological 
characteristic of the aquifer system between the 
Tonle Sap area and the Mekong Delta is that the 
upstream section in Cambodia has a single alluvial 
aquifer overlying older “hard rock” formations while 
the delta in Viet Nam has at least eight alluvial aq-
uifers. These can be distinguished by depositional 
sequences up to 800 meters thick from the Holo-

ENHANCING SUSTAINABILITY OF TRANSBOUNDARY CAMBODIA - MEKONG RIVER DELTA AQUIFER (2022-2026)
PROJECT COMPONENTS AND OUTCOMES 
Component 1: Joint science-based 
diagnostic for groundwater dynamics 
(recharge and extraction) and effects 
on ecosystems (e.g. fish, wetlands) 
and livelihoods  ($29.5 million technical 
assistance)

Outcome 1: Consensus among countries on key transboundary 
and national concerns affecting the aquifer, reached through joint 
fact finding, opening pathways to concerted remedial actions. 
Indicator: Transboundary Diagnostic Analysis signed by 
Cambodia and Viet Nam

Component 2: Piloting solutions for improved 
transboundary groundwater management  
($36.6 million investment)

Outcome 2: Tested strategies for improved groundwater recharge, 
reduced extraction and mitigated ecosystem/livelihoods trade- offs 
Indicator: Pilot study designs, implementation reports, and 
upscaling-focused assessments for three pilots for improved 
groundwater management (extraction and recharge) in each country

Component 3: Transboundary cooperation 
mechanisms ($29.5 million technical 
assistance)

Outcome 3: Agreed upon arrangements for transboundary 
cooperation improve aquifer transboundary governance 
Indicator: Interim Bilateral Coordination Agreement signed by two 
countries

Component 4: Joint strategies and action 
programs ($1.5 million technical assistance)

Outcome 4: Commitment reached among countries on 
implementing priority legal, institutional and policy reforms and 
investments for the protection and equitable utilization of the shared 
aquifer and its' dependent ecosystems 
Indicator: Two Strategic Actions Plans approved/signed by the 
relevant Ministry in each country

Component 5: Reinforced institutional 
capacity, improved participation, gender 
mainstreaming, monitoring and coordination 
($2.2 million technical assistance)

Outcome 5: Implementation of project mechanisms for monitoring, 
improved stakeholder consultation, gender mainstreaming, 
dissemination, coordination and monitoring progress enhance long-
term sustainability of achievements. 
Indicator: 100 national staff skills and knowledge of transboundary 
issues increases by 50% over baseline levels

Source: GEF (2020)
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cene to Middle Miocene periods about 15 million 
years ago.

‘Integrity of ecosystem services is critical’ 
“The diverse ecosystems of the region are excep-
tionally productive, as are the benefits derived from 
them by its inhabitants,” the GEF project document 
says. “The integrity of ecosystem services is critical 
both in terms of biodiversity and of the sustainability 
of a range of natural resources and products availa-
ble to both urban and rural populations. The effects 
of surface and groundwater interactions nourish 
large tracts of forests and wetlands, which produce 
building materials, medicines and food, and provide 
habitats to thousands of species of plants and ani-
mals. 

"Groundwater naturally interacts with areas of 
low-lying land where permanent wetlands tend to 
develop. These wetlands provide habitat for fish 
breeding, buffer flood events by absorbing huge 
quantities of excess water, and offer natural wa-
ter cleansing functions. In addition, groundwater 
sustains wetlands during the dry season: when 
groundwater levels drop below the historic norms, 
wetlands can dry out.” 

'No previous, existing or planned initiative 
is explicitly focused on the entire Cambodia 

- Mekong River Delta aquifer or aims to 
establish transboundary cooperative 
frameworks for aquifer management 

between Cambodia and Viet Nam'

The project document says the sustainability of 
water resources and health of the Mekong Delta 
and Tonle Sap ecosystems “cannot be achieved 
without a proper and shared understanding of the 
regional groundwater flow regimes, especially with 
regard to the up-gradient recharge zones within the 
Cambodian territory. The establishment of coopera-
tive management frameworks for this major trans-
boundary aquifer embracing the whole Mekong 
delta and extending upstream in Cambodia, is of 
critical importance because of the region’s high de-
pendence on water resources, and vulnerability to 
climate-related hazards.” 

According to the GEF document — which expects 
2.5 million people to benefit directly from the pro-
ject— cooperative groundwater management strat-
egies have been hindered by two major barriers. 
These are the different levels of understanding the 

two countries have of the transboundary aquifer sys-
tem and differences in Cambodian and Vietnamese 
groundwater management policies which increase 
the difficulty of reaching a bilateral agreement for 
sustainable development of the shared aquifer. “No 
previous, existing or planned initiative is explicitly fo-
cused on the entire Cambodia - Mekong River Delta 
aquifer or aims to establish transboundary coopera-
tive frameworks for aquifer management between 
Cambodia and Viet Nam,” it says. “However, trans-
boundary cooperation is essential  for addressing 
groundwater related concerns, including water secu-
rity and land subsidence” (see page 6).

Further reading

Copernicus Emergency Management Service (2019). Report 
from Copernicus EMS Risk & Recovery Mapping: Ground sub-
sidence in Mekong Delta, Vietnam. 7 March, 2019. Directorate 
Space, Security and Migration, European Commission Joint 
Research Centre.
 
FAO (2020) Inception workshop of the project: “Enhancing 
sustainability of the Transboundary Cambodia - Mekong River 
Delta Aquifer. 7 September, 2020. Food and Agriculture Organ-
ization of the United Nations, Hanoi.

FAO (2020) New GEF project in preparation to improve sus-
tainable use and governance of groundwater in Cambodia-
Mekong River Delta Transboundary Aquifer. 15 September, 
2020. Food and Agriculture Organization of the United Nations, 
Phnom Penh.

GEF (2020) Enhancing sustainability of the Transboundary 
Cambodia - Mekong River Delta Aquifer. Project Identification 
Form. Global Environment Facility, Washington.

WHO (2018) Arsenic. Factsheet dated 15 February, 2018. 
World Health Organization, Geneva.

Sand pumped from the Mekong for a new housing development 
in Kien Svay District in the Cambodian province of Kandal in 
2019. The GEF project document says sand mining continues 
to increase in Viet Nam and Cambodia for local construction 
industries and sand exports to Singapore.

Photo: Lem Samean
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Guidelines aim to optimise benefits and 
reduce risks of hydropower development  
The Mekong River Commission (MRC) released a 
three-volume set of mitigation guidelines for hydropow-
er development on September 28. The MRC Secre-
tariat said the new guidelines, which are working docu-
ments, aimed to help optimise the benefits and mitigate 
social and environmental impacts of hydropower pro-
jects. Major themes addressed include river hydrology 
and downstream flows, geomorphology and sediment, 
water quality, fisheries, aquatic ecology and biodiver-
sity, natural resources, and ecosystem services.

“The aim of the Guidelines is to provide risk manage-
ment and mitigation guidance for the design and oper-
ation of hydropower facilities to support whole-of-ba-
sin planning and management as well as immediate 
project development requirements,” said Dr An Pich 
Hatda, Chief Executive Officer at the Secretariat. 

According to the guidelines, during the planning, fea-
sibility study and design process hydropower devel-
opers can take various steps to optimise benefits and 
avoid adverse impacts. They include selecting the 
most appropriate project locations, adopting alterna-
tive project scales such as lower dams, and using 
alternative energy sources. During the construction 
and operation phases where certain impacts cannot 
be reduced, developers have various forms of miti-
gation options to consider. These include options to 
offset adverse impacts such as providing alternative 
fish spawning habitats or leaving certain river reach-
es free of development to allow for fish migration.

Dr Hatda said the three volumes complemented the 
MRC’s Preliminary Design Guidance that develop-
ers use for project preparation and that the MRC re-
fers to when reviewing the technical compliance of 
proposed mainstream dams during a six-month prior 
consultation process. While the new guidelines doc-
ument specific mitigation approaches to address the 
various risks, the CEO said that region-wide cooper-
ation on hydropower planning and mitigation efforts 
is vital to prevent large-scale impacts. “Basin-scale 
mitigation requires integrated systems planning at 
the basin level as well as ongoing cooperation be-
tween Member Countries and Dialogue Partners. 
This is as important as the coordinated operation of 
cascade dams and benefit-sharing options,” he said. 

Developed under the MRC’s former Initiative for 
Sustainable Hydropower, the guidelines went 
through numerous rounds of national and regional 
consultations with hydropower developers, inter-
ested stakeholders and MRC Member Countries: 
Cambodia, Lao PDR, Thailand and Viet Nam. 

Further reading

MRC (2019) The MRC Hydropower Mitigation Guidelines 
(Volume 1) Mekong River Commission, Vientiane.

MRC (2019) The MRC Hydropower Mitigation Guidelines 
(Volume 2) Mekong River Commission, Vientiane.

MRC (2020) The MRC Hydropower Mitigation Guidelines 
(Volume 3) Mekong River Commission, Vientiane.

Please see front cover 
on other files outside 
project folder

THE MRC HYDROPOWER MITIGATION 
GUIDELINES

Guidelines for Hydropower Environmental Impact Mitigation and 
Risk Management in the Lower Mekong Mainstream 
and Tributaries

MRC TECHNICAL GUIDELINE SERIES 
Vol. 2 January 2019

TH
E 

M
R

C
 H

Y
D

R
O

P
O

W
ER

 M
IT

IG
A

TI
O

N
 G

U
ID

EL
IN

ES
   

|  
M

R
C

 T
e

ch
n

ic
al

 G
u

id
e

lin
e

 S
e

ri
e

s 
V

o
l. 

2ISSN: 2706-8439 

Mekong River Commission Secretariat
P.O. Box 6101, 184 Fa Ngoum Road

Unit 18, Ban Sithane Neua, Sikhottabong District, Vientiane 01000, Lao PDR
Tel: +856 21 263 263.   Fax: +856 21 263 264

www.mrcmekong.org
 

© Mekong River Commission

THE MRC HYDROPOWER MITIGATION 
GUIDELINES

Guidelines for Hydropower Environmental Impact Mitigation and 
Risk Management in the Lower Mekong Mainstream 
and Tributaries

MRC TECHNICAL GUIDELINE SERIES 
Vol. 3 September 2020

http://www.mrcmekong.org/assets/Publications/HMG_Vol1.pdf
http://www.mrcmekong.org/assets/Publications/HMG_Vol1.pdf
http://www.mrcmekong.org/assets/Publications/technical/HMG_Vol2.pdf
http://www.mrcmekong.org/assets/Publications/technical/HMG_Vol2.pdf
http://www.mrcmekong.org/assets/Publications/Ish0306-vol3.pdf
http://www.mrcmekong.org/assets/Publications/Ish0306-vol3.pdf
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Vulnerable small-scale mud carp 
increasingly threatened by illegal fishing 

In northeast Cambodia, fishers 
are targeting the small-scale mud carp 

(Cirrhinus microlepis) during the closed fishing 
season when many species spawn. Catches 
are dominated by females bursting with eggs 
that will never hatch. Is the small-scale mud 

carp doomed to become the next endangered 
fish species in the Mekong?

The small-scale mud carp (Cirrhinus microlepis) is 
a large fish native to Cambodia, Lao PDR, Thailand 
and Viet Nam. Due to pollution, dams and overfish-
ing, wild populations of the species disappeared 
from the Chao Phraya River in Thailand about 35 
years ago. Today, the fish can be found only in the 
Mekong Basin. The species can grow to 65 cm, 
reaching 15 kg.

In 2011, the International Union for the Conser-
vation of Nature (IUCN) assessed the remaining 
populations in the Mekong as being “vulnerable” — 
meaning that the species faces a high risk of extinc-
tion in the wild in the medium-term future. Over the 
previous decade, populations had declined by an 
estimated 30 percent, possibly as much as 50 per-
cent. However, the IUCN assessment said, it was 
likely that populations would recover if fishing was 
reduced.  

The species is highly migratory. According to the 
IUCN assessment, the migration patterns are 
“markedly different” above and below the Khone 
Falls in Lao PDR, located near the Cambodian bor-
der. In Cambodia, the fish makes an upstream mi-
gration from Phnom Penh to the falls in the dry sea-

Commercial fishing boat on the Mekong River in Stung Treng in June, the second month of the province's closed fishing season when many fish 
species spawn. The boat is a Lao-style vessel typically seen in the region.

Photo: Chhut Chheana 
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son between November and February. It migrates 
downstream from the Khone Falls be-tween April 
and July in the wet season when the fish spawns.

In Cambodia, the annual three-month closed sea-
son for commercial and medium-scale fishing starts 
on 1 June upstream from Phnom Penh and 1 July 
in downstream areas. Only small-scale fishing for 
household consumption is allowed during these pe-
riods. Along the Lao border in Stung Treng Prov-
ince, however, the closed season begins on 1 May. 

Stung Treng forms part of the biggest sub-basin in 
the Lower Mekong with three major tributaries. The 
Srepok River flows from Viet Nam into Cambodia, 
where it joins up with the Sesan River, also originat-
ing in Viet Nam. The Sesan flows into the Sekong 
River, which also rises in Viet Nam, undertaking 

a long journey through Lao PDR before reaching 
Cambodia where it joins the Mekong near Stung 
Treng town. Cambodian researchers say the so-
called 3S System is likely to be the last habitat for 
many fishes to spawn including endangered spe-
cies.

On a field trip to Stung Treng during this year’s 
closed fishing season, researcher Tach Phanara 
said most of the fish being caught were “full of 
eggs” in O’Svay District on the Mekong River. “De-
spite restrictions announced by the Fisheries Ad-
ministration cantonment in Stung Treng, fishers are 
still fishing during the closed season,” he said. Mr 
Phanara noted that “eggs easily fall out” when fe-
male small-scale mud carps are caught and lifted 
into boats. “I’m saddened to see fish eggs spilled all 
over a boat. Imagine if they weren’t caught and the 

The Sekong, Sesan and Srepok rivers together form one of the largest sub-basins in the Lower Mekong, accounting for almost a quarter of all water 
flowing into the mainstream. The stretch of the Mekong between Kratie and the Stung Treng has dozens of deep pools used by migrating fish species 
as dry-season habitats.

Source:  Chhut Chheana  
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More than 20 vessels in Preah Bat Commune, Stung Treng, can be seen in this aerial view. Based on the design and size of these vessels, which 
have to navigate fast flowing waters and rapids, few — if any — seem to be engaged in small-scale fishing.

Photo: Chhut Chheana  
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Fishers bring their catch of small-scale mud carps to the commercial landing site that services Stung Treng town in September this year. Located on 
the Sekong River, about two kilometres from its confluence with the Mekong, the site was built by French colonial authorities.

Photo: Chhut Chheana  

eggs hatched naturally — how many hundreds of 
millions of fish larvae would be produced?”

Ngor Peng Bun, a freshwater fish ecologist who 
also visited the area during the closed fishing sea-
son, said spawning fish were mostly seen in Stung 
Treng and neighbouring Ratanakkiri Province, es-
pecially the small-scale mud carp and the striped 
catfish (Pangasianodon hypophthalmus). The cat-
fish is even more threatened than the carp. It’s 
been assessed by the IUCN as being “endangered”  
— meaning that it’s at a very high risk of extinction 
in the wild in the near future. 

A decade or two ago, Dr Peng Bun said, such spe-
cies were common in downstream areas, notably 
around the Tonle Sap and south of Phnom Penh in 
Prey Veng and Takeo provinces. “But we rarely see 
them now. We see only juveniles or sub-adults that 
migrate from the upper Mekong system of Cambo-
dia. I think the upper system — which includes the 

Mekong mainstream and the Sekong, Sesan and 
Srepok rivers — is likely to be the last habitat for 
these spawning fish.”

During the closed season, he said, “we saw fishers 
catching these spawning fish in O Svay District.” 
Dr Peng Bun noted that research indicated that a 
female striped catfish weighing 5 kg could carry 
30,000 to 40,000 eggs and that a female weighing 
10 kg could carry up to one million. “If fishers con-
tinue to catch spawning fish, in combination with 
environmental changes in areas such as hydrology, 
the fate of these species that we see today will be 
similar to that of critically endangered Mekong spe-
cies,” he said. These include the giant barb (Cat-
locarpio siamensis) and the Mekong giant catfish 
(Pangasianodon gigas). IUCN assessments of 
“critically endangered” indicate an extremely high 
risk of extinction in the wild in the immediate future 
“All fishers exploiting these spawning fish should 
thoughtfully consider the long-term impacts,” Dr 
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Stung Treng has “huge potential” as a fishery re-
source, Provincial Fisheries Cantonment Director 
Tum Niro said in June, noting that the four major riv-
ers that flow across the province have a combined 
length of about 400 km. Apart from the small-scale 
mud carp, the striped catfish, the Mekong giant cat-
fish and the giant barb, important species include the 
critically endangered Isok barb (Probarbus jullieni), a 
vulnerable carp species (Labeo pierrei) and the near-
threatened pa sa-ee (Mekongina erythrospila).

“It’s a natural hatchery for producing fingerlings," Mr 
Nyro said. But whereas local fisheries pre-viously 
supplied only Stung Treng Province, catches are now 
distributed nationwide. “This has prompted fishers to 
try to catch as much fish as they can, leading to in-
creased use of illegal types of fishing gears — es-
pecially large-mesh nets to catch broodstock as well 
as explosives and electrofishing — with destructive 
impacts on ecosystems” Moreover, Mekong water 
levels fell to historic lows in 2019, exerting additional 
pressure on fisheries. “It's been a little higher in 2020 
but it’s still low. This is a threat to the fisheries sector, 
especially to spawning fish."

As for declaring the fishing season closed from May 
— a month or two before other Cambodian provinces 
— Mr Nyro said many species in Stung Treng start get-
ting ready to breed in March. The eggs grow larger in 

‘It's a natural hatchery for producing fingerlings’

Inverter

©  C H H U T  C H H E A N A

April and the fish lay them in May. “We made it easy 
for them to migrate for spawning in 2019," he said. “In 
2020, we have placed extreme restrictions on all kinds 
of fish-ing during the closed season. To achieve this, 
our strategy is to gather all relevant stakeholders such 
as the armed forces, and other institutions. The media 
and monks also have roles to play in engaging with 
people, publicising information and educating people.” 

Mekong water levels in Stung Treng in 2020 (pale blue) were 
around record lows (brown) for much of the wet season. After falling 
well below all-time lows in September, water levels rebounded in 
October to exceed the long-term average (dark blue). The thin 
green line indicates water levels during the wet season in 2019.

Source: MRC 

Community announcement against electrofishing targetting Khmer and Lao audiences
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Peng Bun said. “It will be beneficial if fishers can 
use local ecological knowledge and experience — 
such as when to catch fish and ideal habitats — 
to protect and conserve fish for their future liveli-
hoods.” 

Tum Nyro, director of the Fisheries Administration 
Cantonment in Stung Treng, said all stake-holders 
should take part in conservation efforts. “I would like 
to request, appeal and insist that all people avoid 
eating spawning fish,” he said. “Buying mature fish 
with eggs is part of the reason why fishers are mo-
tivated to catch these spawning fish.” Mr Nyro said 
fishers should “stop engaging in fishing practices 
that are harmful and destructive to our fishery re-
sources. For the next generation, we must partici-
pate together, both directly and indirectly.”

Ian Baird, a professor of geography at the Univer-
sity of Wisconsin-Madison who conducted the ini-
tial IUCN assessment of the small-scale mud carp 

During the closed fishing season, small-scale mud carp that have recently spawned command very high prices. Swollen with eggs, these gravid 
females on dispay at Stung Treng Market were retailing for KHR 27,000 (USD 6.75) per kilo — almost twice the price of prime-quality pork.

Photo: Chhut Chheana 

back in 2011, acknowledged that fishing posed a 
threat to the species. “But the most serious long-
term threat to the mud carp is the construction of 
large hydropower dams, which could block crucial 
seasonal long-distance migrations,” Dr Baird told 
Catch and Culture - Environment in October.

Adapted from a video produced by the USAID-funded Wonders of the 
Mekong project with the Cambodian Ministry of Agriculture, Forestry 
and Fisheries. The video was made to generate awareness among 
Cambodians about fish conservation efforts.

Further reading

Baird, I. 2013. Cirrhinus microlepis. The IUCN Red List of 
Threatened Species 2013: e.T180904A7654985. http://dx.doi.
org/10.2305/IUCN.UK.2011-1.RLTS.T180904A7654985.en 

Poulsen, A.F., K.G. Hortle, J. Valbo-Jorgensen, S. Chan, 
C.K.Chhuon, S. Viravong, K. Bouakhamvong-sa, U. Suntorn-
ratana, N. Yoorong, T.T. Nguyen and B.Q. Tran. 2004. Distribu-
tion and Ecology of Some Important Riverine Fish Species of 
the Mekong River Basin. MRC Technical Paper No. 10. ISSN: 
1683-1489
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Fish farmers get easy way to regularly 
monitor changing water conditions
New Japanese satellite remote-sensing service 
with six parameters extends to lower stretches 

of the Mekong Delta. A new satellite project 
for aquaculture with the Japan Aerospace 

Exploration Agency (JAXA) is 
expected as early as 2022.  

In 2019, we reported how a Japanese deep-tech 
company in Singapore had developed appetite soft-
ware to optimise feeding on fish farms and increase 
earnings for farmers (see Catch and Culture - Envi-
ronment, Vol 25, No 2). The company, Umitron Pte 
Ltd, has now developed a free web-based service 
for farmers to monitor marine environmental data 
which extends to the lower stretches of the Mekong 
Delta in Viet Nam. Announced on July 28, Umitron 
said the new service used satellite remote-sensing 
technology to provide near real-time measurements 
of a range of water-quality parameters updated daily. 

'Farmers can all benefit from having access to 
additional information about the environment 

they are working in every day'

A company statement noted that changes in envi-
ronmental conditions could have “dramatic effects” 
on farm production. Known as Pulse, the new ser-
vice “gives farmers an easy way to regularly moni-
tor changing water conditions. This allows them to 
make key decisions about when to feed, plant, or 
harvest their crops as well as manage risks such as 
high water temperatures or harmful algae blooms,” 
the statement said.

“Now farmers can use the service to check water 
temperature, salinity, dissolved oxygen, chloro-
phyll concentrations, and wave height. (see pages 
20 and 21) In addition to real time data the service 
also provides a forty-eight hour forecast that pre-
dicts how the water quality will change in the near 
future. Soon to be released features include year 
over year historical data comparisons, additional 
environmental parameters, and hourly data for se-
lect parameters. A mobile application version will 
also be available soon to provide added usability 
and convenience.”

Umitron said a free basic version of the application 
was available for any user while a paid subscription 
unlocked additional features and benefits. “We are 
excited to release a product that provides utility to a 
wide range of farmers. Seaweed, shellfish, and fish 
farmers can all benefit from having access to ad-
ditional information about the environment they are 
working in every day,” Umitron product manager 
Andy Davison said.

Davison told Catch and Culture - Environment that 
the current resolution was around 3 km so the upper 
parts of the Mekong Delta in Viet Nam did not yet 
have good data. “But we are working to reduce the 
resolution to 1 km,” he said. In November, the com-
pany announced an application for Android phones. 
"We would really like to reach farmers in the Mekong 
region," Davison said. "I hope that the Android app 
makes it easy for them to access Pulse."

New satellite project 
Umitron’s Japanese affiliate has meanwhile an-
nounced it will take part in a satellite demonstra-
tion program of the Japan Aerospace Exploration 
Agency (JAXA) in Japanese fiscal year 2022 (from 
April 1, 2022 to March 31, 2023). “A small satellite 
is planned to be launched in FY2022 with a mis-
sion to gather ocean observations for aquaculture. 
High-frequency and high-resolution observations of 
plankton and nutrient levels will be acquired to sup-
port the aquaculture industry including fish, shell-
fish and algae farmers,” the company said in June.

'A small satellite with the ability to gather 
high frequency and high resolution data 
enables the close observation of coastal 

areas which are a key area for 
aquaculture operation’

The Japanese affiliate — Umitron KK — said it 
would be in charge of demonstrating the use of sat-
ellite data in the aquaculture industry as part of a re-
search group led by Tokyo Institute of Technology.  
“A small satellite with the ability to gather high fre-
quency and high resolution data enables the close 
observation of coastal areas which are a key area 
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Umitron says it developed the new service after 
hundreds of conversations with farmers around 
the world. “Everyone we spoke with wanted 
to know what was going on in the environment 
around their farms but the currently available 
suite of tools was lacking. Local weather forecasts 
were good for knowing if it was going to be a hot, 
cold, or rainy day for the farm workers, but that 
didn’t help tell you what was going on beneath the 
surface,” the Japanese company says. “Sensors 
could be used to check some water parameters, 
but usually only at a single point and they often 
failed, were uncalibrated or required time to set 
up and use each day.” In practice, “farmers were 
not able to find a suitable source of information 
that provided them with important environmental 
information such as water temperature, salinity, 
chlorophyll levels, and dissolved oxygen concen-
tration.” 

“At the same time that farmers were telling us they 
were struggling to understand what was happen-
ing in the environment around their farms, satel-
lite remote-sensing technology was continuing 
to advance. More accurate and higher resolution 
data was becoming available and best of all with 
multiple satellites worldwide coverage was now 
viable. These advances have come after decades 
of research that has led to steady technological 
improvements. Now with cheaper than ever com-
puting devices and a radical reduction in the cost 
of transportation to space these advances are 
expected to accelerate.” As the quality of satel-
lite data rapidly improves, Umitron says it aims 
to be “at the forefront of bringing this new and 

New service driven by advances in satellite remote-sensing technology 

Four of the six parameters 

Image: Umitron

valuable information to the aquaculture industry 
regardless of the species they grow or the size of 
their farm.”

Umitron Pte Ltd was established by three Japa-
nese engineers in Singapore in 2016 with an af-
filiated company Umitron KK incorporated in To-
kyo. The deep-tech company sees aquaculture 
as “one of the most important growth industries in 
the 21st century” and says it aims to use technol-
ogy to drive the industry’s growth to solve prob-
lems and increase food security.

Further reading

https://medium.com/@umitron/the-origins-of-pulse-
771f6c7dd58a

https://umitron.com/en/index.html

for aquaculture operation,” it said. “Other members 
of the research group include Nagoya University 
(oceanography and remote-sensing data analysis), 
University of Tokyo (data use in academic fields) 
and Tohoku University (ground station network in 
satellite communications). 

“Aquaculture including fish farming, shellfish farm-
ing, and seaweed farming has become a key com-
ponent of the global food production system and 
it is an important industry for the supply of marine 
products to a variety of markets,” Umitron KK said. 

“On the other hand, the oceans are in a state of 
rapid environmental change. As the water quality 
changes, risks in aquaculture grow. For example, 
fish can be easily killed by red tide algae blooms 
and seaweed or shellfish growth can be inhibited 
by nutrient depletion. In order to reduce these risks 
and stabilize aquaculture production, information 
on the ocean environment such as the distribution 
of plankton and nutrients is critical for  the industry.”

Further reading

https://umitron.com/pulse.html
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Dissolved oxygen (top), surface temperature (middle) and salinity (bottom) in the Mekong Delta region on 12 October this year 

Image: Umitron
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Wave height (top), chlorophyll (middle) and temperature  (bottom) in the Mekong Delta region on 12 October this year 

Image: Umitron
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Diversifying solar panel suppliers 
during the Covid-19 crisis 

A new study concludes that increased regional 
cooperation — such as trade liberalization — 
might further reduce the cost of solar panel 
production and help to diversify sources of 
imports. The paper was published by Asian 

Pathways, the blog of the Asian Development 
Bank Institute in Tokyo, on October 8.

Experts are increasingly acknowledging the vulner-
ability of the global solar photovoltaic (PV) value 
chain due to the concentration of manufacturing ca-
pacity in only a few countries, such as the People’s 
Republic of China (PRC) (Zhai 2020). In Japan, al-
though solar power comprised only seven percent 
of the country’s total power generation in 2018, it 
contributed to one-third of power from renewable 
sources. 

Given this high share of solar power in renewable 
energy sources, disruption in the availability of solar 

By Ranjeeta Mishra and Dina Azhgaliyeva *

PV may have adverse consequences on the sus-
tainability of renewable energy power generation. 
These facts — and Japan’s high dependence on 
imports for its solar PV module supply — highlight 
the importance of the diversification of the sources 
of supply. This diversification may require higher 
transaction costs but will certainly ensure better 
protection against disruptions, including pandem-
ics.

Mishra and Azhgaliyeva (2020) analyze the trend 
in monthly imports of solar panels to Japan for the 
period August 2019–May 2020. Due to limited data 
for evaluating the impact of the coronavirus disease 
(Covid-19) on energy trade in Japan, the study 
uses data on imports of solar PV from Trade Sta-
tistics of Japan by Japan’s Ministry of Finance. The 
preliminary findings show that imports of solar PV 
modules significantly decreased in February 2020 
during the initial Covid-19 outbreak (see below) 

Imports of solar PV modules

Source: Authors’ elaboration using data from Trade Statistics of Japan, Ministry of Finance of Japan

Japan's imports of solar PV modules 
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(Mishra and Azhgaliyeva 2020). During March–May 
2020, imports started to pick up significantly and 
slowly began returning to normal.

'By the end of February 2020, the 
plant-operating ratios in the PRC had generally 

recovered, and production and distribution 
were almost normalized by April... However, 

during the same period, there was an increase 
in imports of solar PV modules from other 
major exporting partners, such as Taipei, 

China; the Republic of Korea; 
Indonesia; and Malaysia'

In the PRC—the world’s largest producer of solar 
cell modules and also a major exporter of solar PV 
modules to Japan, accounting for 41 percent of its 
total imports in 2019—there was a decline in solar 
PV plant operations following the extension of the 

2020 Lunar New Year holiday period due to the out-
break of Covid-19. By the end of February 2020, 
the plant-operating ratios in the PRC had generally 
recovered, and production and distribution were 
almost normalized by April (Kaizuka 2020). This 
shortage of supply was a major cause of the import 
decline in Japan in February 2020. However, dur-
ing the same period, there was an increase in im-
ports of solar PV modules from other major export-
ing partners, such as Taipei, China; the Republic of 
Korea; Indonesia; and Malaysia (see below). The 
levelised cost of energy for solar PV, which reflects 
the average cost of energy over the lifetime of the 
technology, is the lowest in the PRC, followed by 
Malaysia, Indonesia, and Japan (see next page). 
After March 2020, there were declines in imports 
from those countries depending on their lockdown 
or partial lockdown periods. This evidence suggests 
that the diversification of trading partner countries 

Imports of solar PV modules from other major trade partners (million units)

Source: Authors’ elaboration using data from Trade Statistics of Japan, Ministry of Finance of Japan

Japan's imports of solar PV modules from other major trade partners
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is essential for ensuring a consistent supply of solar 
PV modules.

Policy recommendations
Tackling sustainable energy issues together with 
the Covid-19 pandemic crisis can strengthen resil-
ience through positive environmental impacts. This 
requires a coherent policy formulation that minimiz-
es the effects of the pandemic in the short run and 
supports energy sustainability in the long run.

'The current fiscal stimulus package 
offered by the Japanese government to 
mitigate disruptions in the supply chain 
also includes providing $2.2 billion to 

manufacturers to shift production from the 
PRC to Southeast Asian countries'

Japan was the leader in the solar panel industry 
until the latter half of the 2000s, when it was over-
taken by the PRC (Ohira 2017). Japanese custom-
ers are still dependent on domestic manufacturers 

for their housing needs for solar PV modules. As 
every crisis also brings with it new opportunities, 
the current crisis can be considered as an oppor-
tunity to make domestic manufacturing more cost-
competitive and reduce dependency on one import 
source. This kind of diversification would be helpful 
in reducing risk and making the sustainable energy 
supply chain more resilient to shocks.

In a similar vein, the current fiscal stimulus package 
offered by the Japanese government to mitigate 
disruptions in the supply chain also includes provid-
ing $2.2 billion to manufacturers to shift production 
from the PRC to Southeast Asian countries (Reyn-
olds and Urabe 2020). As there is a dependence on 
a few large suppliers for renewable energy sources, 
more specific plans are needed for diversification, 
especially focusing on the solar energy sector. 

As diversification of the renewable energy source 
supply chain would be gradual and a long-term 
process, achieving cost-competitiveness would re-
quire making use of comparative advantage, such 

Levelized cost of energy (LCOE) of solar PV

Source: Authors’ elaboration using data from Bloomberg Intelligence, Bloomberg terminal

Levelized cost of energy (LCOE) of solar PV
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as in low labor costs and access to materials. The 
transfer of technology and technical know-how to 
developing countries through the formation of re-
gional trade cooperation would be helpful in expe-
diting the process.

Conclusion
To ensure a sustainable energy supply, we recom-
mend the domestic production of solar PV modules 
and greater diversity in energy and energy technol-
ogy trade partners through regional cooperation 
Regional trade cooperation, such as trade liberali-
zation, may reduce the cost of domestic solar PV 
module production due to faster and cheaper ac-
cess to materials and also help to diversify trading 
partners for importing solar PV modules. 

'The formation and strengthening of regional 
cooperation can be mutually beneficial for both 

importing as well as exporting countries'

The strengthening of regional cooperation has the 
potential to remove multiple constraints on the de-
velopment of renewable energy sources. These 
constraints include (i) limited investment capacity, 
(ii) regulations and unattractive market conditions, 
(iii) insufficient interconnection capacities and (iv) 
significant needs in innovation, technology transfer, 
and skills development (UNECA 2013). As such, 
the formation and strengthening of regional coop-
eration can be mutually beneficial for both import-
ing as well as exporting countries.

* Ranjeeta Mishra is a project consultant and Dina Azhgaliyeva is a 
research fellow at the Asian Development Bank Institute
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How do Chinese manufacturers view the market 
disruption caused by the Covid-19 crisis? Jinko-
Solar Holding Co Ltd, one of the world’s biggest 
manufacturers of solar modules, reckons the up-
heaval is helping the Shangrao-based company 
to increase market share. In announcing Jinko-
Solar’s second-quarter results on 23 September, 
chief executive Chen Kangping said revenues 
were higher than expected despite the tough 
economic environment.

“Solar demand decreased during the quarter 
due to the economic slowdown, triggering a drop 
in module prices,” Chen said. “Many upstream 
manufacturing companies were forced to reduce 
inventory and companies lacking product differ-
entiation and cost flexibility struggled to remain 
competitive. 

“The market continues to consolidate due to the 
challenging economic environment and strong 
competition within the industry, while the produc-
tion capacity and infrastructure of integrated man-
ufacturers remain resilient to risks and price fluc-
tuations. All of the above has enabled a few key 
players, including JinkoSolar, to increase global 
market share. Overall, the combined shipment 
volumes of the top five solar module manufactur-
ers are expected to account for 65 percent to 70 
percent of the industry for the year.”

"As economies have started to rebound in many 
markets, we believe global demand will even-
tually accelerate and we are well positioned to 
benefit from the momentum,” Chen said. “Earlier 
this year, the shortage of supply in the Chinese 
market drove up prices along the supply chain, 
but prices have stabilized since then and we ex-
pect strong market demand to continue until the 
end of the year.”

Founded in Jiangxi province in 2006, JinkoSolar 
now has seven production facilities globally and 
14 foreign subsidiaries including in Japan, South 
Korea and Viet Nam.

Further reading

JinkoSolar (2020) JinkoSolar Announces Second Quarter 
2020 Financial Results. 9 September, 2020. JinkoSolar 
Holding Co Ltd. Shangrao, China.

Solar market shakeout
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Greenhouse gas emissions in Lower 
Mekong countries and the world 

How much greenhouse gas is emitted from 
agriculture and related land every year? 

Which farming activities generate the most 
emissions? What commodities are the most 
carbon intensive? The new FAO Statistical 

Yearbook contains global and regional 
figures and comparative data for 

Lower Mekong countries.

Agriculture is an important contributor to emis-
sions of greenhouse gases. According to the FAO 
Yearbook, crop and livestock activities along with 
related land use emitted the equivalent of 10.4 bil-
lion tonnes of carbon dioxide into the atmosphere 
in 2017, down 1 percent from 2000. Crop and live-
stock activities within the farm gate accounted for 
52 percent of all emissions. For other land use, for-
est conversion (deforestation) amounted to a fur-
ther 28 percent and degradation of peatlands was 
responsible for 20 percent. By region, Asia was the 
biggest emitter of greenhouse gases at 31 percent 
of the total (see chart on opposite page).

In the Lower Mekong Basin, Thailand and Viet Nam 
were the biggest greenhouses emitters from crops 
and livestock in 2017. For related land uses, Cam-
bodia had the most emissions from forest conver-
sion and Lao PDR ranked first in emissions from 
peatland degradation. Cambodia was the biggest 
emitter of carbon dioxide (CO2), Viet Nam topped 
the region in emissions of nitrous oxide (N2O) and 
Thailand was the largest emitter of methane (CH4) 
(see table below)

GREENHOUSE GAS EMISSIONS DUE TO AGRICULTURE AND RELATED LAND, 2017
MILLION TONNES OF CARBON DIOXIDE (CO2) EQUIVALENT

COMPONENT GREENHOUSE GAS
Crops and 
Livestock

Net Forest 
Conversion

Peatland 
Degradation

Carbon 
Dioxide (CO2)

Nitrous 
Oxide (N2O)

  Methane 
(CH4)

Total 
Greenhouse

Cambodia 19.0 31.2 6.5 31.2 6.3 19.2 56.7
Lao PDR 8.7 13.1 9.1 13.1 5.4 12.4 30.9
Thailand 61.8 11.5 6.8 12.8 19.6 47.6 80.0
Viet Nam 64.0 0.0 7.5 5.3 22.5 43.6 71.4

Source: FAO (2020) 

Crop and livestock production and management 
emit methane and nitrous oxide. Related land uses 
— converting forests and degrading peatlands — 
include carbon emissions by sources and removals 
by sinks from forestland, cropland and grassland as 
well as non-carbon emissions from fires of biomass 
and drainage of organic soils. Peatland emissions 
are calculated by subtracting biomass organic soils 
from the sum of cropland organic soils, grassland 
organic soils and burning. Carbon emissions and 
removals are derived from estimated net carbon 
stock changes in above and below-ground biomass 
pools of forestland including that converted to other 
land uses.

Source: FAO (2020) 
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CROPS AND LIVESTOCK GREENHOUSE GAS EMISSIONS BY ACTIVITY, 2017
MILLION TONNES OF CARBON DIOXIDE (CO2) EQUIVALENT

Enteric
Fermentation

Manure Left 
on Pasture

Synthetic 
Fertilizers

Rice 
Cultivation

Manure 
Management Other Total

Cambodia 3.8 1.0 0.4 9.7 1.3 3.0 19.0
Lao PDR 3.5 1.0 — 2.0 1.3 1.0 8.8
Thailand 6.1 2.1 9.6 35.7 3.0 5.4 61.8
Viet Nam 9.5 3.2 10.0 28.6 6.4 6.3 64.0

Source: FAO (2020)

Agriculture emissions alone grew to the equivalent 
of 10.4 billion tonnes of carbon dioxide in 2017, up 
16 percent from 2000. About two thirds of this came 
from livestock-related activities. Emissions from 
enteric fermentation — generated in the digestive 
systems of ruminant livestock such as cattle, sheep 
and deer — were alone responsible for about 40 
percent of agricultural emissions. Animal and 
chemical sources of soil fertilization contributed to 
more than a third. Methane from rice paddies was 
responsible for a constant 10 to 11 percent share 
of agricultural emissions between 2000 and 2017. 
Other sources of agricultural emissions include 
crop residues, cultivation of organic soils, burning 

of crop soils and savan-
na, and energy use.

In the Lower Mekong 
Basin, Viet Nam was the 
biggest source of green-
house gas emissions 
from enteric fermentation, 
manure left on pastures, 
synthetic fertilizers and 
manure management in 
2017. Thailand was the 
main contributor to emis-
sions from cultivating rice 
(see table on page 29).  

Among four types of 
meat, the FAO Year-
book finds that cattle and 
sheep meat had the low-
est average production 
efficiency worldwide in 
2017. The most carbon-
intensive is cattle meat 
(requiring an average of 
26 kg of carbon dioxide 
equivalent to produce 1 

kg of beef) followed by sheep meat (requiring an 
average of 22 kg to produce 1 kg of mutton). Pig 
and chicken production have much lower emission 
intensities, making these animals more efficient.  

The average requirements were 1.5 kg for pig meat 
and 0.6 kg for chicken meat — in the same range 
as processed livestock commodities such as cow's 
milk and rice (0.9 kg of carbon dioxide equivalent 
to produce 1 kg of milk or rice) and eggs (0.6 kg to 
produce 1 kg). Cereals excluding rice had the low-
est emissions intensity of all major commodities, 
requiring only 0.2 kg of carbon dioxide equivalent 
to produce 1 kg.
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Emissions from agriculture forestry and other 
land use consist of non-CO2 gases, namely meth-
ane (CH4) and nitrous oxide (N2O), produced by 
crop and livestock production and management 
activities. Land use includes CO2 emissions by 
sources and removals by sinks from forest land, 
cropland and grassland Emissions in agriculture 
covers all the emissions produced in the different 
agricultural emissions subdomains (enteric fer-
mentation, manure management, rice cultivation, 
synthetic fertilizers, manure applied to soils, ma-
nure left on pastures, crop residues, cultivation of 
organic soils, burning of crop residues, burning of 
savanna, energy use), providing a picture of the 
contribution to the total amount of GHG emissions 
from agriculture. GHG emissions from agriculture 
consist of non-CO2 gases, namely methane (CH4) 
and nitrous oxide (N2O), produced by crop and 
livestock production and management activities.  

Different types of greenhouse gas emissions

Emissions in land use covers all GHG emissions 
and removals produced in the different Land Use 
subdomains, representing the three IPCC Land 
Use categories: cropland, forest land, and grass-
land, collectively called emissions/removals from 
the Forestry and Other Land Use sector. These 
emissions consist of CO2 (carbon dioxide), CH4 
(methane) and N2O (nitrous oxide) associated 
with land management activities. CO2 emissions/
removals are derived from estimated net carbon 
stock changes in above- and below-ground bio-
mass pools of forest land, including forest land 
converted to other land uses. CH4 and N2O, and 
additional CO2 emissions are estimated for fires 
and drainage of organic soils. Emissions in peat-
land is calculated as emissions (CO2equivalent) 
for cropland organic soils + grassland organic soils 
+ burning - biomass organic soils. 

Source: FAO (2020)

Cattle are much more carbon-intensive than poultry  ̶  producing a kilo of beef emits almost 50 times more greenhouse gases than producing 
a kilo of chicken 

Photo: Thou Phearum, Source of insert: FAO (2020)
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EMISSIONS INTENSITY OF AGRICULTURAL COMMODITIES 
KG OF CARBON DIOXIDE (CO2) EQUIVALENT PER KG

LIVESTOCK PRIMARY LIVESTOCK PROCESSED AND CROPS
Meat,
Cattle

Meet,
Sheep

Meat,
Pig

Meat,
Chicken

Milk, 
whole
Fresh 
sheep

Rice,
Paddy

Milk, 
whole
Fresh 
cow

Eggs, 
Hen

in Shell

Cereals
Excl 
Rice

Cambodia 74.1 — 4.3 2.0 — 1.1 12.8 1.6 0.1
Lao PDR 88.0 — 8.0 5.0 — 0.6 1.7 1.0 0.1
Thailand 52.8 48.2 1.8 0.5 — 1.4 1.2 0.8 0.2
Viet Nam 25.5 — 1.4 1.2 — 0.9 0.8 0.8 0.2

Source: FAO (2020)

The FAO noted that intensities change significantly 
across regions, reflecting large differences in pro-
duction efficiencies. Emission intensity of cattle 
meat is almost twice the world average in Africa (48 
kg to produce 1 kg of beef) and nearly half in Eu-
rope (14 kg).

''Viet Nam had the lowest emission 
intensities for cattle and pigs''

In the Lower Mekong region in 2017, Viet Nam had 
the lowest emission intensities for cattle and pigs, 
Thailand had the lowest for chicken and Lao PDR 

had the highest for all three. But for rice produc-
tion, Lao PDR had the lowest emission intensity 
and Thailand had the highest. For cow’s milk and 
eggs, Viet Nam had the lowest and Cambodia had 
the highest. For cereals excluding rice, the four 
countries had similar emission intensities (see ta-
ble above).

Further reading

FAO (2020) World Food and Agriculture - Statistical Yearbook 
2020. Food and Agriculture Organization of the United Nations, 
Rome. https://doi.org/10.4060/cb1329en
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Finding the right policy mix

Unaddressed, climate change will entail a 
potentially catastrophic human and economic 

toll. But it’s not too late to change course. 
The blog post below, published by the 

International Monetary Fund (IMF) 
on October 7, explains why.

Global temperatures have increased by about 1°C 
since the pre-industrial era because of heat-trap-
ping green-house gases accumulating in the atmos-
phere. Unless strong action is taken to curb emis-
sions of these gases, global temperatures could 
increase by an additional 2–5°C by the end of this 
century. Keeping temperatures to levels deemed 
safe by scientists requires bringing net carbon 
emissions to zero on net globally by mid-century.

In the latest World Economic Outlook we make the 
case that economic policy tools can pave a road to-
ward net zero emissions by 2050 even as the world 
seeks to recover from the Covid-19 crisis. We show 
that these policies can be pursued in a manner that 
supports economic growth, employment and in-
come equality.

The manageable costs of mitigation
Economic policies can help address climate change 
through two main channels: by affecting the compo-
sition of energy (high- vs. low-emission sources), 
and by influencing total energy usage. The costs 
and benefits of different policies are determined by 

By IMF Staff * 

how they exploit these distinct channels.

For example, a carbon tax makes dirty fuels more 
expensive, which incentivizes energy consumers to 
shift their consumption towards greener fuels. Total 
energy consumption falls too because, overall, en-
ergy is more expensive.

In contrast, policies that aim to make green energy 
cheaper and more abundant (subsidies or direct 
public investment in green energy) increase the 
share of low-emissions energy. However, by mak-
ing energy cheaper overall, green energy subsidies 
continue to stimulate total energy demand or at 
least do not reduce it.

In line with this intuition, our latest analysis suggests 
pairing carbon taxes with policies that cushion the 
impact on consumers’ energy costs can deliver rap-
id emissions reductions without major negative im-
pacts on output and employment. Countries should 
initially opt for a green investment stimulus—invest-
ments in clean public transportation, smart elec-
tricity grids to incorporate renewables into power 
generation, and retrofitting buildings to make them 
more energy efficient. This green infrastructure 
push will achieve two goals.

First, it will boost global GDP and employment in 
the initial years of the recovery from the Covid-19 
crisis. Second, the green infrastructure will in-
crease productivity in low-carbon sectors, thereby 
incentivizing the private sector to invest in them and 
making it easier to adapt to higher carbon prices. 
Our model-based scenario analysis suggests that 
a comprehensive policy strategy to mitigate climate 
change could boost global GDP in the first 15 years 
of the recovery by about 0.7 percent of global GDP 
on average, and employment for about half of that 
period leading to about 12 million extra persons be-
ing employed globally. As the recovery takes hold, 
preannounced and gradually rising carbon prices 
will become a powerful tool to deliver the needed 
reduction in carbon emissions.

If implemented, such a policy program would put 
the global economy on a sustainable path by re-
ducing emissions and limiting climate change. The 

Source: IMF staff calculations for Chapter 3 of the October 
2020 World Economic Outlook
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net effect would approximately halve the expected 
output loss from climate change and provide long-
term, real GDP gains well above the current course 
from 2050 onward.

Transition costs
Despite the long-run benefits, and an initial boost 
to economic activity, such policies do impose costs 
along the transition. Between 2037–50, the mitiga-
tion strategy would hold global GDP down by about 
0.7 percent on average each year and by 1.1 per-
cent in 2050 relative to unchanged policies. These 
costs seem manageable, however, considering 
that global output is projected to grow by 120 per-
cent between now and 2050. The drag on output 
could be further reduced if climate policies incen-
tivize technological development in clean technolo-
gies—through R&D subsidies, for instance. Moreo-
ver, the package would be neutral for output during 
that period if important benefits in the form of better 
health outcomes (due to reduced pollution) or less 
traffic congestion are considered.

The transitional output costs associated with the 
policy package vary significantly across countries. 
Some of the advanced economies may experience 
smaller economic costs or even see gains through-
out the transition. Given their earlier investments 
into renewables, these economies can more eas-
ily ramp up their use and avoid large adjustment 
costs. Countries with fast economic or population 
growth (India, especially) and most oil producers 
should expect larger economic costs by forgo-
ing cheap forms of energy, such as coal or oil. Yet 
these output costs remain small for most countries 

and need to be weighed against avoided climate 
change damages and the health benefits from re-
ducing the use of fossil fuels.

Reducing the burden
Low-income households are more likely to be hurt 
by carbon pricing, as they spend a relatively large 
share of their income on energy and are more likely 
to be employed in carbon-intensive manufacturing 
and transportation. Governments can use various 
policies to limit the adverse effects of higher carbon 
prices on households.

First, they can fully or partially rebate the carbon 
revenues through cash transfers. For example, our 
research found that to fully protect consumption of 
households in the bottom 40 percent of the income 
distribution, the U.S. government would need to 
transfer 55 percent of all carbon pricing revenues, 
whereas the Chinese government would need to 
transfer 40 percent.

Second, higher public spending—for instance on 
clean public infrastructure—could create new jobs 
in low-carbon sectors that are often relatively labor 
intensive to offset job losses in high-carbon sec-
tors. Retooling workers will also help to smoothen 
job transitions to low-carbon sectors. Governments 
should move swiftly to ensure a growth-friendly and 
just transition.

* Based on Chapter 3 of the World Economic Outlook, “Mitigating Cli-
mate Change – Growth and Distribution-Friendly Strategies,” by Philip 
Barrett, Christian Bogmans, Benjamin Carton, Oya Celasun, Johannes 
Eugster, Florence Jaumotte, Adil Mohommad, Evgenia Pugacheva, 
Marina M. Tavares, and Simon Voigts.

Source: IMF staff calculations for Chapter 3 of the 
October 2020 World Economic Outlook

Source: IMF staff calculations for Chapter 3 of the 
October 2020 World Economic Outlook
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FAO Statistical Yearbook returns after 
seven-year absence

UN agency says 351-page tome aims to be a 
primary tool for policymakers, researchers, 

analysts and the general public

The Food and Agricultural Organization of the Unit-
ed Nations (FAO) has revamped its Statistical Year-
book on Food and Agriculture. Published on Octo-
ber 20, the yearbook contains 54 tables under four 
themes — the economic importance of agriculture, 
forestry and fisheries; inputs, outputs and factors of 
production; their implications for food security and 
nutrition; and their impacts on the environment.

"Now more than ever, timely, accurate and high-
quality statistics are essential to monitor trends and 
inform policy decisions, whether concerning the 
longer-term challenge of delivering on the Sustain-
able Development Goals (SDGs), or the immediate 
threat represented by the COVID-19 pandemic,” 
writes FAO Statistic Director Jose Rosero Moncayo 
in his foreword to the yearbook. Most of the data 
is presented for selected years over a two-decade 
period from 2000 to 2019. For some items, detailed 
breakdowns after given for the most recent year for 

which comparable statistics are available. The data 
has been gathered and FAO partner agencies. Ac-
cording to Rosero, the information contained in the 
weighty document is a “strategic global public good 
that contributes to shaping the future world” and ad-
vancing sustainable development.

But why the seven-year absence of such an im-
portant statistical resource? According to an FAO 
officer, it coincided with the UN agency focussing 
its efforts on developing  the Sustainable Develop-
ment Goals framework and indicators adopted by 
the the United Nations General Assembly in 2015. 
“As a result, the work of redesigning the yearbook 
was delayed,” the officer said. “We will keep work-
ing to improve future editions.”

ECONOMICS
Among following the tables selected from the year-
book, the FAO defines value added for agricul-
ture, forestry and fishing as the net output of 
the sector after adding up the value of all outputs 
and subtracting intermediate inputs. It is calculated 
without making deductions for depreciation of 

SHARE OF WATER WITHDRAWAL BY AGRICULTURE IN TOTAL WITHDRAWAL, TOP COUNTRIES (2000–2017*)

Percentage

AsiaAmericasAfrica

80 85 90 95 100
Somalia

Afghanistan
Nepal

Mali
Eswatini

Sudan
Madagascar

Viet Nam
Eritrea

Guyana
Turkmenistan

Bhutan
Cambodia

Pakistan
Kyrgyzstan

Senegal
Uzbekistan

Iran (Islamic Republic of)
Bolivia (Plurinational State of)

Ethiopia

Source: FAO (2020) 

Viet Nam and Cambodia among countries with highest share of water withdrawal by agriculture
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ECONOMIC DIMENSIONS OF AGRICULTURE
2000 2018

VALUE ADDED OF AGRICULTURE, FORESTRY AND FISHING (USD MILLION, 2015 PRICES)
Cambodia 2,662 5,201
Lao PDR 1,556 2,710
Thailand 28,095 38,309
Viet Nam 20,168 35,536
SHARE OF AGRICULTURE, FORESTRY AND FISHING IN TOTAL GDP (USD MILLION, 2015 PRICES, PERCENT)
Cambodia 45.0 22.5
Lao PDR 31.6 15.5
Thailand 12.7 8.5
Viet Nam 26.8 15.1
CROPLAND AREA (HA PER CAPITA)
Cambodia 0.32 0.25
Lao PDR 0.19 0.24
Thailand 0.30 0.31
Viet Nam 0.10 0.12
AREA EQUIPPED FOR IRRIGATION (THOUSAND HA)
Cambodia 282 354
Lao PDR 296 310
Thailand 5,590 6,415
Viet Nam 500 680
SHARE OF AREA EQUIPPED FOR IRRIGATION IN LAND AREA (PERCENT)
Cambodia 5.9 6.4
Lao PDR 16.4 12.9
Thailand 28.2 29.0
Viet Nam 41.6 37.8
EMPLOYMENT IN AGRICULTURE (THOUSAND PEOPLE)
Cambodia 4,067 2,9991

Lao PDR 1,932 2,3631

Thailand 16,676 12,2341

Viet Nam 25,631 20,9991

SHARE OF AGRICULTURE EMPLOYMENT IN TOTAL EMPLOYMENT (PERCENT) 
Cambodia 73.5   32.31

Lao PDR 81.6 62.41

Thailand 48.8 31.61

Viet Nam 65.3 37.41

SHARE OF WOMEN IN AGRICULTURE, FORESTRY AND FISHING EMPLOYMENT (PERCENT) 
Cambodia 52.3 51.51

Lao PDR 52.5 50.51

Thailand 44.7 41.41

Viet Nam 49.2 49.51

1 2019 2 2001 3 2017
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fabricated assets or depletion and degradation of 
natural resources. Agriculture, forestry and fishing 
itself refers to the broad agricultural sector includ-
ing crop growing and animal production, forestry 
and logging along with fishing and aquaculture. 
Cropland is land used for cultivating crops, both 
arable land and permanent cropland. Arable land is 
areas under temporary crops, meadows and pas-
tures and land temporarily fallow. Arable land does 
not include potentially cultivable land not normally 
cultivated. 

Area equipped with irrigation is defined as land 
with infrastructure and equipment, in working or-
der, to provide water to crops. The equipment does 
not have to be used during the reference year. The 
definition covers areas equipped for fully controlled 
surface, sprinkler or localized irrigation. It also in-
cludes areas under party-controlled irrigation meth-
ods of spate irrigation (controlling floodwater to 
water crops), equipped wetlands and inland-valley 
bottoms and equipped flood recession. It excludes 
manual watering of plants using buckets, watering 
cans or other devices. The FAO finds that Cambo-
dia and Viet Nam are among the countries with the 
highest share of water withdrawal by agriculture in 
total withdrawal in the world (see above). Agricultur-
al water withdrawal is defined as the annual quan-
tity of self-supplied water withdrawn for irrigation, 
livestock and aquaculture purposes — including 

water specifically withdrawn by water-supply com-
panies to operate irrigation systems. It can include 
water from freshwater resources, over-abstraction 
of renewable groundwater, withdrawal from fos-
sil groundwater, direct use of agricultural drainage 
water, treated wastewater and desalinated water. 
Water for the dairy and meat industries and indus-
trial processing of harvested agricultural products is 
considered industrial water withdrawal. 

Employment comprises all persons of working 
age who, during a specified brief period — such as 
a week or a day — were in (a) paid employment 
(whether at work or having a job but not at work) 
or (b) self-employment (whether at work or with an 
enterprise but not at work). The working-age popu-
lation is that above the legal working age, but com-
prises all persons above a specified minimum age 
threshold for which an inquiry on economic activity 
is made. To promote international comparability, the 
working-age population is often defined as all per-
sons aged 15 and older, but this may vary based on 
national laws and practices (some countries also 
use an upper age limit). Classification by economic 
activity refers to the main activity of the establish-
ment in which a person worked during the refer-
ence period. The branch of economic activity of a 
person does not depend on the duties or functions 
of the person’s job, but rather the characteristics of 
the economic unit in which the person worked. 

SHARE OF WOMEN IN AGRICULTURE, FORESTRY AND FISHING EMPLOYMENT, TOP COUNTRIES (2019)

Percentage
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Source: FAO (2020) 

Cambodia among countries with highest rates for women in agriculture 
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PRODUCTION, TRADE AND PRICES OF COMMODITIES
2000 2018

PRODUCTION OF RAW SUGAR (THOUSAND TONNES)
Cambodia 9 401

Lao PDR 1² 151

Thailand 5,833 10,7281

Viet Nam 1,209 1,7191

PRODUCTION OF MEAT (THOUSAND TONNES)
Cambodia 200 180
Lao PDR 73 157
Thailand 2,044 2,933
Viet Nam 1,992 5,228
PRODUCTION OF HEN EGGS (THOUSAND TONNES)
Cambodia 11.7 18.7
Lao PDR 10.0 15.8
Thailand 514.6 701.6
Viet Nam 185.4 582.3
CAPTURE FISHERIES AND AQUACULTURE PRODUCTION (THOUSAND TONNES)
Cambodia — 941.0 (of which freshwater 773.4)
Lao PDR — 179.1 (of which freshwater 179.0)
Thailand — 2,598.0 (of which freshwater 582.7)
Viet Nam — 7,481.0 (of which freshwater 3,134.5)
CAPTURE FISHERIES PRODUCTION (THOUSAND TONNES)
Cambodia 284.4 689.2
Lao PDR 29.3 70.9
Thailand 2,997.1 1,707.1
Viet Nam 1,629.6 3,347.0
AQUACULTURE PRODUCTION (THOUSAND TONNES)
Cambodia 14.4 251.9
Lao PDR 42.1 108.2
Thailand 738.2 890.9
Viet Nam 1,629.6 3,347.0
FOOD NET TRADE (USD MILLION)
Cambodia 24 −307 (of which fish −237)
Lao PDR -26 −94 (of which fish −3)
Thailand 7,566 19,834 (of which fish 2,042)
Viet Nam 2,790 −3,719 (of which fish 7,061)
CEREALS EXPORTS
Cambodia 7 603 (of which rice 505)
Lao PDR 1 240 (of which rice 240)
Thailand 6,207 11,350 (of which rice 11,073)
Viet Nam 3,486 6,368 (of which rice 6,075)

1 2017 2 2005 3 2011
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Cambodia has one on the world’s highest rates for 
its share of women in agriculture, forestry and fish-
ing employment (see page 34). 

Among other economic dimensions of agriculture 
not shown here, Gross fixed capital formation is 
defined as the total value of a producer’s acquisi-
tions minus disposals, of fixed assets during the ac-
counting period plus certain additions to the value 
of non-produced assets — such as subsoil assets 
or major improvements in the quantity, quality or 
productivity of land — realized by the productive 
activity of institutional units. 

Pesticide use refers to quantities of pesticides ap-
plied to crops and seeds in the agricultural sector. 
Pesticide are insecticides, fungicides, herbicides, 
disinfectants and any substance or mixture of sub-
stances intended for preventing, destroying or con-
trolling any pest. These include vectors of human 
or animal disease, unwanted species of plants or 
animals causing harm during or otherwise interfer-
ing with the production, processing, storage, trans-
port or marketing of food, agricultural commodities, 
wood and wood products or animal feedstuffs, or 
substances which may be administered to animals 
for the control of insects, arachnids or other pests 
in or on their bodies. The term includes substances 
intended for use as a plant growth regulator, de-
foliant, desiccant or agent for thinning fruit or pre-
venting the premature fall of fruit, and substances 
applied to crops either before or after harvest to 
protect the commodity from deterioration during 
storage and transport.

Chemical fertilizer use refers to agricultural use 
of mineral or chemical fertilizers for the three main 
plant nutrients — nitrogen (N), phosphorus 
(P2O5) and potassium K2O). Chemical fertilizer 
use includes both straight fertilizers (those contain-
ing only one of the three primary plant nutrients) 
and compound fertilizers (those containing more 
than one of the three primary plant nutrients (NP, 
NK, PK or NPK). Agricultural use refers to use for 
crops, livestock, forestry, fisheries and aquaculture, 
excluding use for animal feed. 

COMMODITIES
These tables include production of selected com-
modities whether inside or outside the agricultural 
sector. It includes non-commercial and kitchen-gar-
den production. Production is reported at the farm 
level for crop and livestock products (in the case of 

crops, excluding harvesting losses) and in terms of 
live weight for fish items (the actual ex-water weight 
at time of catch). Crop production refers to the ac-
tual harvested production from the field or orchard 
and gardens, excluding harvesting and threshing 
losses and that part of a crop not harvested for any 
reason. Production therefore includes the quanti-
ties of the commodity sold in the market and the 
quantities consumed or used by the producers. 

Production of raw sugar refers to sugarcane. 
Production of meat is from both commercial and 
farm slaughter. Commercial production is meat en-
tering marketing channels, inspected production is 
from animals slaughtered under sanitary inspection 
and total production is these two categories plus 
slaughter for personal consumption. Meat itself 
is defined as the flesh of animals (excluding fish) 
used for food. Meat is normally reported inclusive 
of bone and exclusive of meat unfit for human con-
sumption. Production of hen eggs covers eggs in 
the shell by all types of hens in both the traditional 
sector (individually owned small flocks) and the 
modern sector (large-scale, intensive commercial 
poultry farms). Total production includes eggs for 
hatching. 

Capture fisheries production is hunting, collect-
ing and gathering activities directed at removing or 
collecting live wild aquatic organisms. The statis-
tics indicate nominal catches of aquatic organisms, 
killed, caught, trapped or collected for all commer-
cial, industrial, recreational and subsistence pur-
poses or other uses. Fisheries harvests included 
aquatic organisms exploitable by the public as a 
common property resource, with or without appro-
priate licences.

Aquaculture production refers to farming of 
aquatic organisms. Farming implies intervention in 
rearing to enhance production — such as regular 
stocking, feeding and protection from predators. 
Farming also implies individual or corporate owner-
ship of the stock cultivated. Aquatic organisms har-
vested by an individual or corporate body that has 
owned them throughout their rearing period con-
tribute to aquaculture. In the case of capture-based 
aquaculture, only incremental growth (or weight 
gain) in captivity, could and should be reported as 
the production from aquaculture. Data included in 
the table cover aquaculture production of fish, mol-
luscs, crustaceans and miscellaneous aquatic ani-
mals but exclude marine mammals, crocodiles, cor
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FOOD SECURITY AND NUTRITION
2000 2018

PREVALENCE OF UNDERNOURISHMENT (PERCENT)
Cambodia 23.71 14.52

Lao PDR — —
Thailand 17.41 9.32

Viet Nam 19.81 6.42

PEOPLE UNDERNOURISHED (MILLION)
Cambodia 2.91 2.42

Lao PDR — —
Thailand 11.01 6.5²
Viet Nam 16.01 6.1²
DIETARY ENERGY SUPPLY (KCAL PER CAPITA PER DAY)
Cambodia 2,197¹ 2,412²
Lao PDR 2,138¹ 2,722²
Thailand 2,586¹ 2,742²
Viet Nam 2,328¹ 2,944²
CEREAL IMPORT DEPENDENCY RATIO (PERCENT)
Cambodia 3.9¹ -9.7³
Lao PDR 2.5¹ -0.2³
Thailand -39.9¹ -68.0³
Viet Nam -12.0¹ 6.1³
AVERAGE PROTEIN SUPPLY (G PER CAPITA PER DAY) 
Cambodia 53.4¹ 64.3³
Lao PDR 57.0¹ 82.3³
Thailand 58.0¹ 60.0³
Viet Nam 57.0¹ 54.3³
AVERAGE SUPPLY OF PROTEIN OF ANIMAL ORIGIN (G PER CAPITA PER DAY)
Cambodia 15.4¹ 18,3³
Lao PDR 10.7¹ 18.7³
Thailand 22.3¹ 24.7³
Viet Nam 10.3¹ 11.0³
AVERAGE DIETARY SUPPLY ADEQUACY (PERCENT)
Cambodia 101¹ 106²
Lao PDR 95¹ 116²
Thailand 106¹ 112²
Viet Nam 103¹ 127²
PREVALENCE OF OBESITY IN THE ADULT POPULATION (PERCENT)
Cambodia 1.5 3.9⁴ 
Lao PDR 1.7 5.3⁴ 
Thailand 3.7 10.0⁴ 
Viet Nam 0.6 2.1⁴ 

¹ 2000 - 2002 ² 2017 - 2019 ³ 2015 - 2017 ⁴ 2016
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MAIN TRADED CEREALS, TOP IMPORTERS AND EXPORTERS 
(QUANTITIES, 2018)
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Thailand is world’s second-biggest rice exporter and Viet Nam ranks third 

als, pearls, sponges and aquatic plants. Data are in 
live weight equivalents. 

Food net trade is the value food exports minus 
the value of food imports. Food comprises of the 
commodities in the Standard International Trade 
Classification (SITC) — sections 0 (food and live 
animals), 1 (beverages and tobacco), and 4 (animal 
and vegetable oils and fats) and SITC division 22 
(oil seeds, oil nuts and oil kernels). Cereals exports 
cover wheat, rice paddy, barley, maize, popcorn, 
rye, oats, millets, sorghum, buckwheat, quinoa, 
fonio, triticale and canary seed as well as mixed 
grains and cereals. Export values are reported as 
free on board (FOB), indicating the value of goods 
plus the value of services to deliver the goods to 
the border of the exporting country. For rice alone, 
Thailand is the world’s biggest exporter after India. 
Viet Nam ranks third in rice exports and is also the 
world’s third-largest importer of all cereals (see 
above).

Consumer price inflation rates for food measure 
the price change between the current and reference 
periods of the average basket of food items pur-
chased by households. The consumer price index 
(CPI) for food is rescaled to a base year of 2010 by 
FAO for all countries with sufficient time coverage. 
FAO uses the geometric mean of the monthly indi-
ces of the year 2010 as the rescaling factor. 

FOOD SECURITY AND NUTRITION
Among these tables, prevalence of undernour-
ishment expresses the probability that a randomly 
selected individual from the population consumes 
an amount of calories that is insufficient to cover 
their energy requirement for an active and healthy 
life. The indicator is computed by comparing a prob-
ability distribution of habitual daily dietary energy 
consumption with a threshold level called the mini-
mum dietary energy requirement. Both are based 
on the notion of an average individual in the refer-
ence population. People undernourished is 
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SUSTAINABILITY & ENVIRONMENTAL ASPECTS OF AGRICULTURE
2000 2018

FOREST LAND (THOUSAND HA)
Cambodia 10,781.0 8,379.8
Lao PDR 17,425.0 16,664.5
Thailand 18,998.0 19,945.0
Viet Nam 11,784.1 14,491.3
AGRICULTURAL LAND (THOUSAND HA)
Cambodia 4,777.0 5,566.0
Lao PDR 1,806.0 2,394.0
Thailand 19,384.0 22,110.0
Viet Nam 8,780.0 12,168.8
SHARE OF FOREST LAND IN TOTAL LAND AREA (PERCENT) 
Cambodia 61.1 47.5
Lao PDR 75.5 72.2
Thailand 37.2 39.0
Viet Nam 37.9 46.7
AREA UNDER ORGANIC AGRICULTURE (THOUSAND HA)
Cambodia 1.0¹ 27.6
Lao PDR 6.0² 7.7
Thailand 21.7¹ 95.1
Viet Nam 6.5¹ 237.7
SHARE OF AREA UNDER ORGANIC AGRICULTURE IN TOTAL AGRICULTURE (THOUSAND HA)
Cambodia 0.0¹ 0.5
Lao PDR 0.3² 0.3
Thailand 0.1¹ 0.4
Viet Nam 0.1¹ 2.0
NITROGEN MANURE (ORGANIC) USE PER CROPLAND AREA (KG PER HA)
Cambodia 15.1 14.0
Lao PDR 35.5 36.5
Thailand 8.7 8.0
Viet Nam 26.2 26.3
NITROGEN MINERAL (SYNTHETIC) USE PER CROPLAND AREA (KG PER HA)
Cambodia 5.7² 31.4
Lao PDR — —
Thailand 48.5 71.1
Viet Nam 163.2 136.5
TEMPERATURE CHANGE (DECREE CELSIUS)
Cambodia 0.18 1.42
Lao PDR 0.01 2.12
Thailand 0.01 1.68
Viet Nam 0.14 1.84

¹ 2005 ² 2010 ³ 2013 ⁴ 2017 ⁵ 2016
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obtained by multiplying estimates of the proportion 
of undernourished for each country by estimate of 
total population. Undernourishment refers to the 
condition of people whose dietary energy consump-
tion is continuously below a minimum dietary en-
ergy requirement for maintaining a healthy life and 
carrying out light physical activity. The figures for 
the dietary energy supply average are based on 
the latest available data from national food balance 
sheets, and represent the amount of food available 
for human consumption. 

The cereal import dependency ratio tells how 
much of the available domestic food supply of cere-
als has been imported and how much comes from 
the country’s own production. The higher the ratio, 
the higher the dependence. The ratio is computed 
as (cereal imports - cereal exports)/ (cereal produc-
tion + cereal imports - cereal exports) * 100, assum-
ing only values less than or equal to 100. Negative 
values indicate that the country is a net exporter 
of cereals. The indicator is calculated in three-year 
averages to reduce the impact of possible errors in 
estimated production and trade, due to difficulties 

in properly accounting for stock variations in major 
foods. 

Average protein supply from animal origin in-
cludes meat, offal, animal fats and products, milk 
and products, eggs, fish, seafood and products 
and other aquatic products. Average dietary sup-
ply adequacy expresses the dietary energy supply 
— based on the latest available data from national 
food balance sheets, and representing the amount 
of food available for human consumption —  as a 
percentage of the average dietary energy require-
ment. The average supply of calories for food con-
sumption in each country is normalized by the av-
erage dietary energy requirement estimated for its 
population to provide an index of adequacy of the 
food supply in terms of calories. 

SUSTAINABILITY AND THE ENVIRONMENT
These tables include forest land which is defined 
as land spanning more than 0.5 ha with trees high-
er than 5 metres and a canopy cover of more than 
10 percent, or trees able to reach these thresholds 
in their original place. The FAO definition excludes 
land mainly under agricultural or urban use, and 

SHARE OF FOREST AREA IN TOTAL LAND AREA, TOP COUNTRIES (2018)
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Lao PDR is one of the most forested nations on earth
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Agriculture is encroaching on forests. In this aerial photo, taken in Tuok District in Siem Reap Province in September this year, a flooded forest near 
the Tonle Sap Lake has been cut down to make way for rice cultivation. Flooded forests are important fish habitats around the lake, which has the 
highest fisheries production in the world.

Photo: Chhut Chheana / USAID Wonders of the Mekong

land mostly used to maintain and restore environ-
mental function. Forest land is determined both 
by the presence of trees and the absence of other 
main land uses. Trees should be able to reach a 
minimum of 5 metres in their original place. Forest 
land includes areas with young trees that have not 
yet reached but are expected to reach a canopy 
cover of 10 percent and tree height of 5 metres. It 
also includes areas temporarily unstocked owing to 
clear-cutting as part of forest management or natu-
ral disasters, and that are expected to be regener-
ated within five years. Local conditions may, in ex-
ceptional cases, justify using a longer time frame. 
Forest includes forest roads, firebreaks and other 
small open areas and may include forest land in 
national parks, nature reserves and other protect-
ed areas, such as those of environmental, scien-
tific, historical, cultural or spiritual interest. It also 
includes windbreaks, shelter belts and corridors of 
trees with an area of more than 0.5 ha and width of 
more than 20 metres; abandoned shifting-cultiva-
tion land with a regeneration of trees that have, or 
are expected to reach, a canopy cover of 10 percent 
and tree height of 5 metres; areas with mangroves 
in tidal zones, regardless of whether classified as 
land area or not; and areas with bamboo and palms 
provided that land use, height and canopy cover 

criteria are met.  According to the FAO, agroforestry 
systems where crops are grown only during the first 
years of the forest rotation should also be classified 
as forest. In terms of its share of forest land in total 
land area, Lao PDR is one of the most forested na-
tions on earth (see opposite). 

Agricultural land is used for cultivating crops 
and animal husbandry (croplands plus permanent 
meadows and pastures). Area under organic ag-
riculture cover areas or being converted to organ-
ic. Certified organic is land area exclusively dedi-
cated and fully converted to organic agriculture by 
applying organic agriculture methods. Cultivated or 
wild harvested in accordance with specific organic 
standards or technical regulations, the land area 
—including arable lands, pastures or wild areas — 
is inspected and approved by a certification body. 
Conversion to organic agriculture area usually 
takes two years. Water stress is the ratio between 
total freshwater withdrawn by all major sectors and 
total renewable freshwater resources, after taking 
into account environmental water requirements. 

Further reading

FAO (2020). World Food and Agriculture - Statistical Yearbook 
2020. Rome. https://doi.org/10.4060/cb1329en
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Urgent solutions for wildlife management
Vietnamese Prime Minister Nguyen Xuan Phuc 
issued a comprehensive directive on wildlife 

trade on 23 July. Below is an unofficial 
translation of the document. 

Strengthening the enforcement of national laws, the 
Convention on International Trade in Endangered Spe-
cies of Wild Fauna and Flora (CITES) and relevant in-
ternational treaties is a consistent expression of Viet 
Nam’s leadership in practice to responsibly implement 
relevant international commitments. The legal system 
for conserving, protecting and sustainably developing 
wild species has recently been completed in accord-
ance with international laws and national practices. All 
administrative levels and sectors have created many 
positive and clear changes by developing drastic si-
multaneous solutions to implement the law, especially 
combating and terminating rings that illegally transport, 
trade and consume wild animals.

In some areas, however, the illegal hunting, capture, 
slaughter, transport, trade and consumption of wild ani-
mals is still complicated, increasing the risk of extinc-
tion of many species in the wild, negatively affecting 
the ecological balance, human health and the country's 
international reputation. At the same time, there is the 
risk of diseases being transmitted to people, cattle and 
poultry. To ensure strict enforcement of wildlife man-
agement laws, the Prime Minister issues this directive:

1. Pending new instructions from the Prime Minister and 
excluding special cases allowed by the Prime Minis-
ter, imports of living or dead wild animals, eggs, lar-
vae, parts and derivatives shall cease (except aquatic 
species for food production and feed for livestock as 
stated by laws and parts of wild animals processed for 
medicine or as raw materials for finished products). 
All cases of wildlife imports contrary to this Directive 
must be strictly handled under illegal wild animal laws. 
As for wild animals permitted for export to Viet Nam 
by foreign CITES management agencies, border-gate 
customs offices shall require the owners to return the 
goods to the place of export. If owners of merchandise 
fail to comply or cannot be identified, Viet Nam’s laws 
on illegal wildlife shall apply.

2. Within their functions and competence, ministries 
shall review laws to propose amendments and sup-
plementary sanctions against illegal acts of wildlife 
consumption to relevant authorities with the aim of: 

• eliminating markets and places of illegal wild-
life trade, and strictly controlling and handling 

illegal acts of hunting, capture, purchase, sale, 
transport, slaughter, consumption, storage, ad-
vertising or harming of wild animals, especially 
mammals, birds and reptiles in their natural envi-
ronment; and

• refraining from taking part in illegal hunting, cap-
ture, purchase, sale, transport, slaughter, con-
sumption, storage or advertising of wild animals 
by all citizens, especially government workers, 
civil servants, officials and their relatives. 

2. The Ministry of Agriculture and Rural Development 
shall assume prime responsibility and coordinate with 
ministries, agencies and provincial and municipal 
People's Committees to strictly implement the follow-
ing measures to manage farmed wild animals by: 

• evaluating the trials and actual situation of ti-
ger farming as approved by the Prime Minister 
in Document No. 1761/VPCP-NN dated April 4, 
2007 of the Government Office on handling ille-
gal tiger farming in Binh Duong Province, making 
reports to the Prime Minister;

• intensifying the inspection, examination and 
supervision of wildlife farming activities; ensur-
ing the legal origin, food safety and hygiene for 
farming and exporting wild animals; organis-
ing large-scale inspections and examinations of 
wild animal farming establishments; ensuring the 
lawful origins of domesticated animals, and safe 
conditions for livestock, people, the environment, 
sanitation and epidemic control; promptly detect-
ing and strictly handling violations in accordance 
with the law, especially violations related to the 
origins of farmed wild animals; developing a da-
tabase of commercial breeding establishments 
for wild animals from the list of precious and rare 
endangered forest animals under Government 
Decree No. 06/2019/ND-CP dated January 22, 
2019 and species in CITES Appendices I and II 
and making such information public on the minis-
try's portal; and intensifying measures to control 
epidemics and hygiene at wildlife farming and 
trading establishments. 

• continuing to review the real situation, making 
amendments for a comprehensive and complete 
legal system for wildlife management, and sub-
mitting to the Government for issuing criteria for 
and a list of wildlife-derived domesticated ani-
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mals to shift to management in accordance with 
the Law on Livestock and CITES.

3. The Ministry of Public Security shall direct operational 
forces to intensify preventing, combating, detecting 
and strictly handling offenses related to wild animals 
in a timely manner; especially focus on crackdowns 
on transnational organized crime rings illegally trad-
ing, storing, transporting, exporting, importing, tem-
porarily importing for re-export and transiting wild-
life animals; and work with relevant units to make 
inspections and deal with cases of advertising and 
illegally trading wild animal specimens on websites. 

4. The Ministry of Defense shall direct Border Guards 
and the Coast Guard to coordinate with operational 
forces to intensify patrols and strictly control border 
gates, border openings and maritime areas; promptly 
detect, arrest and handle under the law cases of ille-
gal buying, selling, transporting, exporting, importing, 
temporarily importing for re-export wild animals; and 
promote propaganda and raise public awareness in 
border areas to refrain from the illegal hunting, cap-
ture, farming, trading or transport of wild animals. 

5. The Ministry of Industry and Trade shall direct Market 
Management forces to intensify market inspections 
and controls, prevent and promptly handle acts of 
trading and transporting endangered, precious and 
rare wild animals and the products and derivatives 
from these species based on their assigned func-
tions, tasks and relevance.

6. The Ministry of Health shall direct the review and 
management of medical and pharmaceutical busi-
nesses, establishments manufacturing medicines 
and medical products that use wild animals, and en-
sure that only wild animals of legal origin are used in 
the fields of medicine and pharmaceuticals. 

7. The Ministry of Finance shall provide information 
in accordance with current CITES regulations on 
ivory and rhino horn data which has been received, 
stored and preserved by the Ministry; assume prime 
responsibility and coordinate with the Ministry of Ag-
riculture and Rural Development and ministries and 
agencies concerned in consulting with and submit-
ting to the Prime Minister for approval plans to han-
dle and destroy ivory and rhino horns as stated by 
the law.

8. The Ministry of Natural Resources and Environment 
shall perform government management of biodiver-
sity; review current legal regulations; and propose, 
elaborate and submit to relevant authorities amended 
regulations on the management of precious, rare and 
endangered species protected under biodiversity laws. 

9. The Ministry of Information and Communications 
shall direct news and media agencies to intensify 
information and propaganda activities on legisla-
tion and solutions to protect wild animals; coordi-
nate with agencies concerned to prevent and strictly 
handle cases of telecommunications networks and 
the Internet being used for advertising, displaying, 
promoting, buying and selling wildlife specimens 
banned by law.

10. Vietnam Television (VTV), Voice of Vietnam (VOV) 
and other media organizations shall coordinate with 
ministries, agencies and local areas to strengthen 
broadcasts and publicity about laws and regulations on 
wildlife management; and continue to conduct propa-
ganda on refraining from using wild animals illegally.

11. The Supreme People's Procuracy and the Supreme 
People's Court are requested to coordinate closely 
with investigating bodies to direct and promote the 
investigation and prosecution of people breaking 
laws and regulations on the illegal hunting, capture, 
purchase, sale, transport, slaughter and storage of 
wild animals; improve the quality of handling cases 
related to the protection of endangered, precious 
and rare wild animals; strengthen mobile trials for 
propaganda purposes and education about wildlife 
protection; impose strict penalties on those who play 
leading roles and take advantage of their position or 
power to commit crimes, and professional violators 
related to the protection of endangered, precious 
and rare wild animals.

12. Provincial and municipal People's Committees shall 
direct agencies and units in local areas to implement 
solutions to protect wild animals; strengthen controls 
over the exploration, hunting, capture, transport, stor-
age, trade, consumption and use of wild animals; 
crack down on illegal wildlife trading rings; strengthen 
the management and inspection of wildlife farming 
and trading establishments in terms of legal origin, 
the environment, food safety and hygiene; ensure 
businesses in provinces and cities make signed com-
mitments to refrain from trading, using, consuming, 
displaying or advertising wild animal samples with no 
legal origin; and strictly handle violations.

Ministries, agencies and provincial and municipal Peo-
ple's Committees shall continue to seriously imple-
ment Directive No. 03/CT-TTg of the Prime Minister on 
strengthening the direction and implementation of meas-
ures to control and conserve endangered, precious and 
rare wild animals dated February 20, 2014; and Direc-
tive No. 28/CT-TTg of the Prime Minister  on numerous 
urgent solutions to prevent and combat illegal acts that 
harm wild animals dated September 17, 2016.
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Dining on endangered giant fish species

Vietnamese appetite for endangered 
fish species persists 

Back in February this year, before strict Covid-19 re-
strictions were implemented, dishes featuring the criti-
cally endangered giant barb (Catlocarpio siamensis) 
topped the voluminous menu at Ho Chi Minh City’s 
popular Hàng Dương Quán. The outdoor restaurant 
in an upscale section of District 7 epitomised Vietnam-
ese eateries which market and serve giant fish that 
are often threatened and probably illegally obtained.

The 30 tables at the restaurant on Rach Bang Ca-
nal 7 were mostly full, with well-dressed patrons 
dining on fish and beer.  A dozen large photos of 
fishers with large catches covered the walls. A res-
taurant website featured numerous videos of giant 
fish being slaughtered. Owner Ly Nhat Hieu, who 
according to staff is a Vietnamese-American origi-
nally from Can Tho in the Mekong Delta, owns two 
other restaurants in the southern metropolis — one 
in District 4 and a more luxurious indoor restaurant 
in the heart of District 1.

The International Union for the Conservation of Na-
ture (IUCN), based in Switzerland, defines critically 
endangered species as those with an “extremely 
high risk of extinction in the wild in the immediate 
future.” Yet while it is illegal to sell giant river fish 
in Viet Nam, restaurants across the country market 
them with promises such as “good for men” for the 
giant barb and “tasty meat, rich in omega-3” for the 
Mekong giant catfish (Pangasianodon gigas), an-
other critically endangered species. 

The restaurants serve up species so rare that 
catches of just a few may doom a fish species to 
extinction, scientists say. “The new trade seems to 
be very pervasive and growing very rapidly,” said 
Zeb Hogan, a National Geographic explorer and bi-
ologist at the University of Nevada, Reno, who’s an 
expert on giant fishes in the Lower Mekong Basin. 
“It needs to be dealt with if these species are going 
to survive,” he said. 

That was in 2018 but the problem persists and 
grows. In late 2019 and early 2020 alone, there were 
two separate reports of sales of critically endangered 

By Nguyen Tuong Thuy *

giant native fish in An Giang Province on the Mekong 
Delta. Vietnamese traders reportedly paid up to $26 
per kg for the two giant native fishes (see Catch and 
Culture - Environment, Vol 26, No 1).

In one deal, a trader from An Phu Distict reported-
ly bought a 230-kg Mekong giant catfish for VND 
200,000 ($8.60) per kg in December, 2019. Reports 
said the fish was then trucked to an unidentified 
restaurant in Long Xuyen, the provincial capital. 

In a second transaction, traders from Ho Chi Minh 
City reportedly purchased a 111-kg giant barb for 
VND 600,000 ($26) per kg in Tan Chau District in 
February this year. It was trucked to Ho Chi Minh 
City, according to Tuoi Tre, the country’s leading 
newspaper. A local economic told the newspaper 
that the fish had been caught in Cambodia by Viet-
namese fisherman.

While it is not clear where these two giant fishes 
ended up, the mostly likely answer is on restaurant 
tables. Restaurant owners, chefs and customers 
share complicity in marketing, serving and eating 
endangered species. As few Vietnamese seem to 
be aware that it is against the law to sell endan-
gered fish species, the problem is unabated in the 
absence of awareness campaigns and effective 
law enforcement (see Catch and Culture - Environ-
ment, Vol 23, No 1). 

On a return visit to Hàng Dương Quán in District 7 
in August, the restaurant’s menu was unchanged 
and photos of endangered species were still on its 
website. The only difference from February was 
Covid-19 restrictions —  diners were using hand 
sanitiser and wearing masks (when not eating). 

* Mr Thuy is an environment journalist based in Ho Chi Minh City

Further reading

Nuwer, R (2018)  Critically Endangered Giant Fish on Menu 
at Luxury Restaurants/Liệu sự yêu thích các món ăn từ cá 
khổng lồ sông Mekong của Việt Nam có khiến các loài này 
tuyệt chủng? National Geographic Magazine. July 2, 2018. Na-
tional Geographic Society, Washington. https://www.national-
geographic.com/animals/2018/07/illegal-giant-fish-cambodia-
vietnam-cuisine-delicacy-wildlife-watch/
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certificates and policies for both aquaculture and 
fisheries development. “I will continue to supervise 
and be involved in the MRC fish catch monitoring 
project as well as Joint Environmental Monitoring,” 
Dr Kaviphone said, referring to the MRC’s work to 
observe the impacts of Lower Mekong mainstream 
dams on the river’s hydrology, discharge and sedi-
ment, water quality and aquatic ecology as well as 
fisheries.

Phan Thanh Lam has been appointed acting direc-
tor of Research Institute for Aquaculture No 2 in Ho 
Chi Minh City. He joined the institute, under the Vi-
etnamese Ministry of Agriculture and Rural Devel-
opment, in 1998 and has since been working in the 
fields of fisheries management, aquaculture plan-
ning and sustainable development in the Mekong 
Delta.

Dr Lam has extensive experience working with 
the MRC,  most recently at a project to monitor fish 
abundance and diversity in the Mekong Delta. He 

also led an MRC 
project to strengthen 
participatory water 
management in rice-
shrimp culture in 
Soc Trang Province 
and also worked on 
an earlier MRC pro-
ject on the impacts 
of water manage-
ment on fish migra-
tions and spawning.
 

Dr Kaviphone and Dr Lam
Lao and Vietnamese governments promote 

former MRC staffers 

Kaviphone Phouthavong has been appointed dep-
uty director general of the Department of Livestock 
and Fisheries at the Lao Ministry of Agriculture and 
Forestry in Vientiane. In his new position, he is re-
sponsible for supervising the department’s Fisher-
ies Division and the country’s National Aquaculture 
and Fisheries Development Centre to conduct re-
search for policy development.  

Dr Kaviphone was previously director of the Living 
Aquatic Resources Research Center (LARReC) in 
Vientiane, where he supervised an MRC project on 
fish abundance and diversity monitoring, aquatic 
and fisheries surveys in rivers and reservoirs, and 
fisheries monitoring in fish-passage structures. 

Before that, he was the center’s deputy director 
and also served as the Lao programme officer at 
the MRC Fisheries Programme in Vientiane and 
Phnom Penh where 
he oversaw its 
Fisheries Manage-
ment and Govern-
ance Component 
between 2007 and 
2011 (see Catch 
and Culture, Vol 21, 
No 1).

He said his new role 
included developing 
aquaculture farm 

Dr Kaviphone Phouthavong Dr Phan Thanh Lam
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Prices

FAO Fish Price Index
(2002-2004 = 100)

Production, trade, utilisation and consumption
FAO Food Outlook, May, 2020

2018 2019
Estimate

2020
Forecast

Change
2020/2019

 Million tonnes %
Production 178.5 175.9 172.9 -1.7
Capture fisheries 96.4 91.8 89.9 -2.0
Aquaculture 82.1 84.1 82.1 -1.4
Trade value (exports USD billion) 164.1 159.6 150.4 -5.8
Trade volume (live weight) 67.1 65.3 63.2 -3.2
Total utilisation 178.5 175.9 172.9 -1.7
Food 156.4 156.4 154.2 -1.4
Feed 18.2 15.5 15.0 -3.5
Other uses 4.0 4.0 3.7 -7.5
Consumption per person
Food fish (kg/yr) 20.5 20.3 19.8 -2.4
From capture fisheries (kg/year) 9.7 9.4 9.1 -2.4
From aquaculture (kg/year) 10.8 10.9 10.6 -2.4
FAO Fish Price Index (2002-2004 = 100) 2018 2019 2020

Jan-May
Change

Jan-May 2020/Jan-May 2019

158 154 147 -8.3
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100
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20202018201620142012201020082006200420022000

Source of the raw data for the FAO Fish Price Index: EUMOFA, INFOFISH, INFOPESCA, INFOYU, Statistics Norway
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Prices

Viet Nam
Vietnam Association of Seafood Exporters and Producers (VASEP) 

Dong Thap Province in the Mekong Delta except black tiger shrimp (Da Nang) 

VND per kg unless otherwise stated

July, 2020 October, 2020
Item Size Price

Pangasius (Pangasianodon hypophthalmus) (white flesh) Cá tra thịt trắng 0.7 – 0.8 kg 18,000 – 18,500 18,000 – 18,500
Pangasius fry (Pangasianodon hypophthalmus) Cá tra bột Bột 0.8 – 1.5 đ/con 0.8 – 1.5 đ/con
Pangasius sub-fingerlings (Pangasianodon hypophthalmus) Cá tra hương Hương (3,000 con/kg) – –
Pangasius fingerlings (Pangasianodon hypophthalmus) Cá tra giống Giống (28 – 32 con/kg) 21,000 – 22,000 21,000 – 22,000
Red tilapia (Oreochromis spp.) Cá điêu hồng > 300 g – 1,000 g 31,000 – 33,000 31,000 – 33,000
Red tilapia fingerlings (Oreochromis spp.) Cá điêu hồng Giống (30 – 35 con/kg) 22,000 – 23,000 22,000 – 23,000
Snakehead (Channa spp.) Cá lóc nuôi ≥ 500 g 110 – 140 đ/con 110 – 140 đ/con
Snakeskin gourami (Trichopodus pectoralis) Cá sặc rằn 6 con/kg 40,000 – 45,000 40,000 – 45,000
Climbing perch (Anabas testudineus) Cá rô đầu vuông 3 – 5 con/kg 26,000 – 28,000 26,000 – 28,000
Japanese wrinkled frog fry (Thai strain) (Glandirana rugosa) Ếch Thái 3 – 5 con/kg 28,000 – 29,000 28,000 – 29,000
Japanese wrinkled frog (Thai strain) (Glandirana rugosa) Ếch Thái giống Giống (120 – 140 con/kg) 400 – 450 đ/con 400 – 450 đ/con
Giant freshwater prawn (Macrobrachium rosenbergii) Tôm càng xanh >100 g  250,000 – 270,000 250,000 – 270,000
Giant freshwater prawn (Macrobrachium rosenbergii) Tôm càng xanh 75 g – 99 g 190,000 – 210,000 190,000 – 210,000
Giant freshwater prawn (Macrobrachium rosenbergii) Tôm càng xanh 50 g – 74 g 140,000 – 160,000 140,000 – 160,000
Giant freshwater prawn (Macrobrachium rosenbergii) * Tôm càng xanh Tôm trứng, càng xào 90,000 – 100,000 90,000 – 100,000
Giant freshwater prawn (Macrobrachium rosenbergii) P/L Tôm càng xanh post 80,000 – 90,000 con/kg 100 – 120 đ/con 100 – 120 đ/con
Black tiger shrimp (Penaeus monodon) Tôm sú 15 con/kg 480,000 480,000
Black tiger shrimp (Penaeus monodon) Tôm sú 25 – 30 con/kg 240,000 240,000
Black tiger shrimp (Penaeus monodon) Tôm sú 40 con/kg 175,000 175,000
Black tiger shrimp (Penaeus monodon)                                                         Tôm sú  40/kg 175,000 175,000

* Berried females, inferior old blue-claw males 

Thailand
Talaad Thai Wholesale Market, Pathum Thani Province

THB per kg
July, 2020  November, 2020

Item Price
Chinese edible frog (Haplobatrachus rugulosus) (small) กบนา (เล็ก) 80 - 90 90
Asian redtail catfish (Hemibagrus wyckioides) ปลากดคัง 120 - 185 120-185
Yellow mystus (Hemibagrus filamentus) ปลากดเหลือง 100 - 125 125
Tire track eel (Mastacembelus favus) ปลากระทิง 150 - 250 150
Clown featherback (Chitala ornata) ปลากราย 160 - 190 180
Iridescent mystus  (Mystus multiradiatus) (large) ปลาแขยง (ใหญ่) 80 - 100 80-100
Iridescent mystus (Mystus multiradiatus) (small) ปลาแขยง (เล็ก) 50 - 60 50-60
Wallago (Wallago attu) (large) ปลาเค้าขาว (ใหญ่) 180 380
Wallago (Wallago attu) (small) ปลาเค้าขาว (เล็ก) 120 160
Bronze featherback (Notopterus notopterus) ปลาสลาด หรือ ปลาฉลาด 90 - 100 90-100
Wild striped snakehead (Channa striata) (large) ปลาช่อน (ใหญ่) — —
Wild striped snakehead (Channa striata) (small) ปลาช่อน (เล็ก) — —
Farmed giant snakehead (Channa micropeltes) (large) ปลาชะโด เลี้ยง (ใหญ่) 100 85-90
Farmed giant snakehead (Channa micropeltes) (small) ปลาชะโด เลี้ยง (เล็ก) 90 75
Bighead walking catfish (Clarias macrocephalus) (large) ปลาดุกอุย หรือ ปลาดุกนา (ใหญ่) — —
Bighead walking catfish (Clarias macrocephalus) (small) ปลาดุกอุย หรือ ปลาดุกนา (เล็ก) — —
Farmed North African walking catfish hybrid (Clarias spp.) (large) ปลาดุก เลี้ยง (ใหญ่) 53 - 55 35-38
Farmed North African walking catfish hybrid (Clarias spp.) ((small) ปลาดุก เล้ียง (เล็ก) 48 - 52 38-42
Siamese red catfish (Phalacronotus bleekeri) (large) ปลาแดง (ใหญ่) 280 250
Siamese red catfish (Phalacronotus bleekeri) (small) ปลาแดง (เล็ก) 100 - 170 140-170
Silver barb (Barbonymus gonionotus) (large) ปลาตะเพียนขาว หรือ ปลาตะเพียนเงิน (ใหญ่) 50 50
Silver barb (Barbonymus gonionotus) (small) ปลาตะเพียนขาว หรือ ปลาตะเพียนเงิน (เล็ก) 35 35
Red tilapia hybrid (Oreochromus spp.) (large) ปลานิลแดง (ใหญ่) 85 - 90 85-90
Red tilapia hybrid (Oreochromus spp.) (small) ปลานิลแดง (เล็ก) 70 70-75
Nile tilapia (Oreochromus niloticus) (large) ปลานิล (ใหญ่) 50 55-60
Nile tilapia (Oreochromus niloticus) (small) ปลานิล (เล็ก) 20 35
Whisker sheatfish (Kryptopterus spp.) (large) ปลาขาไก่ (ใหญ่) 380 380
Whisker sheatfish (Kryptopterus spp. (small) ปลาขาไก่ (เล็ก) 140 - 190 160
Common carp (Cyprinus carpio) (large) ปลาไน (ใหญ่) — 35-40
Mekong giant catfish (Pangasianodon gigas) ปลาบึก 50 - 65 50-65
Boeseman croaker (Boesemania microlepis) ปลาม้า 240 - 360 245-360
Horse-face loach (Acantopsis choirorhynchos) ปลารากกล้วย 140 140
Giant gourami (Osphronemus goramy) ปลาแรด 85 - 90 80-85
Siamese mud carp (Henicorhynchus siamensis) ปลาสร้อยขาว 55 55-65
Snakeskin gourami (Trichopodus pectoralis) ปลาสลิด 130 - 185 135
Striped catfish (Pangasianodon hypophthalmus) ปลาสวาย 30 - 35 28-30
Climbing perch (Anabas testudineus) from rice paddy (large) ปลาหมอ นาข้าว (ใหญ่) 90 —
Climbing perch (Anabas testudineus) from rice paddy (small) ปลาหมอ นาข้าว (เล็ก) 85 —
Farmed climbing perch (Anabas testudineus) (large) ปลาหมอ เลี้ยง (ใหญ่) 90 —
Farmed climbing perch (Anabas testudineus) (small) ปลาหมอ เลี้ยง  (เล็ก) 85 —
Spot-fin spiny eel (Macrognathus siamensis) (large) ปลาหลดจุด (ใหญ่) 170 170
Spot-fin spiny eel (Macrognathus siamensis) (small) ปลาหลดจุด (เล็ก) 130 - 150 130
Rice-field eel (Monopterus javanensis) (large) ปลาไหลนา หรือ ปลาไหลบึง นาข้าว (ใหญ่) 250 - 280 250
Rice-field eel (Monopterus javanensis) (small) ปลาไหลนา หรือ ปลาไหลบึง นาข้าว (เล็ก) 300 300-320
Pond snail (Filopaludina martsensi) หอยขม 100 100



184 Fa Ngoum Road, 
PO Box 6101, Vientiane, Lao PDR

Tel: (856-21) 263 263  Fax: (856-21) 263 264

 

The Mekong River Commission (MRC) has released a three-volume set of mitigation 
guidelines for hydropower development. The MRC Secretariat said the new guidelines,  
which are working documents, aimed to help optimise the benefits and mitigate social 
and environmental impacts of hydropower projects. Major themes addressed include river 
hydrology and downstream flows, geomorphology and sediment, water quality, fisheries, 
aquatic ecology and biodiversity, natural resources, and ecosystem services (see page 11). 


