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SUMMARY
The first basin-wide probabilistic flood modelling has been completed using 
available data at MRCS through the extension of hydrodynamic models, use of 2D 
modelling techniques for pilot tributaries and 2D direct rainfall runoff cell based 
modelling and analysis.  The work provides the basis for damage assessment and 
further quantitative flood risk analysis for the preparation of the MASAP (Mekong 
Adaptation Strategy and Action Plan).

It is clear from the results of the modelling that without adaptation there will be 
significant deterioration of flood condition with more losses and people affected. 
The Vietnam delta is impacted by both upstream increases in flow and sea level 
rise so suffers the largest increase in people affected, though the population 
affected in Lao sees the largest proportional increase. 
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Figure S1 Hydrodynamic Model Extent, Composite Baseline 1:100 year map and 2060 Composite 
1:100 year flood map  
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A full database of 80 flood depth maps for the hydrodynamic model results has been prepared 
and the composite mapping prepared for and baseline and two 2060 scenarios at 1:100 year flood 
frequency. There is more work recommended to project the change in future population distribution 
for various socioeconomic scenarios, to calculate damage and flood risk and the change both due to 
flooding, socioeconomic change and adaptation and a proposal to CCAI to complete this aspect is 
under discussion. 
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1.  Introduction

1.1. Project Background and aims

The Mekong River Commission (MRC) Climate Change Adaptation Initiative (CCAI) is seeking to 
enhance regional capabilities in climate change adaptation. Climate change and flooding are two 
of the main challenges faced by the countries of the Lower Mekong Basin (LMB) in their planning for 
sustainable development. 

One of the priority activities of CCAI is a basin-wide assessment of climate change impacts on flood 
and drought behaviour in the LMB. This will directly inform preparation of the Mekong Adaptation 
Strategy and Action Plan (MASAP). 

This assignment covers analysis and improvement of mainstream flood modelling using enhanced 
ISIS version of the upper part between Chiang Saen and Kratie including the parts of main tributaries 
that are under the influence of the main Mekong river. In addition the work covers pilot flow modelling 
of selected tributaries to meet the needs of the flood part of CCAI’s Flood and Drought Top-Up Plan.

The study has a number of objectives as set out in the Terms of Reference ‘Enhancement of basin-
wide Flood Analysis and Additional Simulations under Climate Change to provide datasets for Impact 
Assessment and MASAP preparation’ issued by CCAI in October 2015 and outlined below. 

The main aim of the study is to provide relevant flood indicators for the LMB to directly inform 
preparation of the MASAP. This will be done by both utilizing and improving the existing hydraulic 
models of the Mekong and by carrying out pilot 2D modelling of selected tributaries.

1.2. The Need and Benefit of Basin-wide Probabilistic Flood Mapping

The only available basin-wide flood mapping within MRCS is that prepared by Technical Services 
Division (TSD) in 2001-3 and presented in the BDP Atlas based on analysis of satellite images and 
some consideration of mainstream water levels relative to local land.  The mapping is neither basin-
wide nor probabilistic. The analysis of a limited number of satellite scenes has been carried out such 
as IWMI (2014), and whilst potentially useful these cannot give the baseline data required and certainly 
is of limited use for flood risk damage assessment or Climate Change analysis. Only in the area of the 
LMB covered by the ISIS model downstream of Kratie are probabilistic maps available at MRCS.

The FMMP C2 Studies (MRC 2010) set out best practise guidance for flood risk management at the 
centre of which is the consideration of ‘Flood Risk’, which requires a probabilistic approach (as is 
followed here). FMMP are following up this study but are limited to an agreed geographical scope for 
flood focal areas (downstream of Phnom Penh and the Kok River in Thailand and Xe Ban Fai in Laos).

Climate Change is manifested in a number of ways and the MASAP reflects the key role of changes 
in flooding as a likely principal driver of adaptation requirements.  Thus changes in flood regime 
will affect flood damages, flood hazards and also interact with food security and environment and 
social impacts.  Probabilistic mapping is a necessary step to analyse these interactions including the 
economic impacts and potential adaptation. Basin-wide probabilistic modelling will allow calculation 
of annual average damages (and Net Present Values) for different climate change scenarios and 
will allow summaries and comparison across different towns, regions or countries and comparable 
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analysis between different sectors such as drought and ecological change. The flood modelling 
mapping and analysis described in this report can form the basis of such analyses.

Flood Risk Management and Disaster Risk Management (which tends to be focussed on multiple sources 
of catastrophe such as earthquake and tsunami as well as fluvial/pluvial flooding)  approaches are 
converging together with better availability of remote sensing data and greater clarity on probabilistic 
approaches, tools and datasets.  Work on loss and damage for Climate Change Vulnerability and 
Impact Analysis for UNFCCC is also contributing to the available datasets at global and regional 
scales.

Figure 1 1 Rivers and Provincial centres of the Lower Mekong Basin
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1.3. Objectives

The objectives of this project as set out in the Terms of Reference are:

•  Calculate relevant flood indicators for the LMB required for the MASAP formulation, CCAI flood 
and drought assessment and socioeconomic impact assessment within the areas covered by 
existing DSF models.

•  Develop and apply a probabilistic modelling approach to adapt existing DSF flood model outputs 
to provide flood depth analysis needed for flood damage assessment under current and future 
conditions in the Cambodian Floodplain and Mekong Delta.

•  Upgrade the existing in bank ISIS model upstream of Kratie for flood analysis of the mainstream 
corridor.

•  Pilot 2D modelling in a limited number of selected tributaries and climate scenarios to 
demonstrate effectiveness of broad scale modelling and analysis for flood damage estimation 
in areas not covered by existing models.

1.4. Update Basinwide map of areas prone to flood

The first stage of this project is to gather the existing information regarding flood events in the LMB in 
order to provide a context for the study and a reference dataset of areas at risk of flooding. Flooded 
outlines for recent events have been stored and sensed by various parties including MRC and 
Dartmouth flood centre and are available in various reports, papers and online satellite imagery maps.

Satellite and other publically available data were collated in order to produce GIS files of basin-wide 
flood extent for specific historic events and an estimated extreme event to be used for verification and 
calibration of the model results. 

Flood vectors for known large events will be obtained from available sources within MRC, global 
datasets and published catchment studies.  

A review was made of existing reports, projects and online tools providing flood extent and depth 
information globally and specifically for the Mekong basin. Examples are IWMI’s open access flood 
mapping tool covering the Mekong Basin based on MODIS and WRI’s ‘Aqueduct Global Flood Analyzer’. 
These tools can be used to inform this project and verify or sense check the outline produced by the 
basin wide mapping. Previous and ongoing projects include the HAE World Bank Studies of the Mun 
Chi system in Thailand and Xe Ban Fai in Lao PDR.

1.5. Modelling Components

This study utilises and improved the existing hydraulic models of the LMB and will also develop new 
models of previously non-modelled tributaries as part of the pilot 2D modelling phase. Improvements 
to the existing models and current methodology are necessary in order to derive probabilistic outputs 
that can be used for flood risk and damage calculation and to provide a framework to compare risk 
between different climate change scenarios.
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There are three main modelling components that will be carried out as part of this study.

•  Component 1. Upgrade the two existing mainstream ISIS models upstream of Kratie (Chiang 
Saen to Pakse and Pakse to Kratie) so that they are suitable for use for floodplain mapping. Run 
the model for baseline and agreed scenarios.

•  Component 2. Generate probabilistic outputs of flood area and depth for the existing ISIS model 
downstream of Kratie and the upgraded model upstream of Kratie.

•  Component 3. Create a broad scale JFlow model for pilot tributaries upstream of Kratie and 
generate probabilistic outputs for this area.

1.6. Elevation Models

The elevation of the ground surface is critical to the extent and depth of flooding experienced in any 
given location.  Satellite based elevation models such as SRTM are accurate to +/- 5m in the vertical 
and include impacts of vegetation such as crops, forest and thus do not give a good estimate of where 
flood waters may extend.

The available DEM/DTM (Terrain Model) in MRCS are given below.  These are based on ground surveys 
or contours drawn from ground survey and aerial survey though the base data is relatively old (typically 
1960s) and may lack locational precision.  Unfortunately there is no single source of DTM that could 
be recommended but the mkdem_20 based on the MRC Navigation Programme’s hydrographic Atlas 
is the most suited for mainstream modelling above Kratie, dem0603 for Cambodian floodplain and 
Vietnam Mekong delta.  
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Table 1 1 Available DEMs

DEM Source Cell Size Cell Type Extent Description

mkdem_20k MRC 25m Float 5-10km wide corridor across 
the Mekong from Chiang 
Saen to the Cambodia border

Created from spot heights 
and contoured obtained for 
Navigation Atlases

dtm50 MRC 50m Integer Mekong floodplain. Laos, 
Cambodia, Thailand, Vietnam. 
BDPPlanningAtlas2010

Created from spot heights and 
contoured. From 1960s survey 
points

SRTM http://
earthexplorer.
usgs.gov/ (and 
others)

90m and 
30m
available

Integer Global SRTM is an international project 
spearheaded by the National 
Geospatial-Intelligence Agency 
(NGA), NASA, the Italian Space 
Agency (ASI) and the German 
Aerospace Center (DLR). 
SRTM consisted of a specially 
modified radar system that flew 
onboard the Space Shuttle 
Endeavour during an 11-day 
mission in February of 2000

ALOS http://www.
eorc.jaxa.
jp/ALOS/en/
aw3d30/

30m Integer Global The dataset has been compiled 
with images acquired by the 
Advanced Land Observing 
Satellite “DAICHI” (ALOS). 
Original data is 5m. The freely 
available data is resampled 
to 30m available as mean or 
median.

Dem0603 MRC 100 Float LMB floodplain below Kratie Created from surveys by 
Sogreah for UNESCO in 1960s, 
Mekong Committee surveys for 
Tonle Sap and near river bank 
levels in Cambodia and a grid 
of elevation points in Vietnam 
Mekong delta.

1.7. Flood Indicators

The flood indicators currently include:

•  Probabilistic flood depth grids

•  Probabilistic flood outlines

•  Summaries of areas flooded and average depths for sub areas and countries (Figure 1.2)
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Figure 1 2 BDP Sub Areas and urban centres
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The mapping will be suitable for additional socio economic analysis i.e. population and GDP affected, 
flood damages in agriculture/infrastructure, relief, property and business etc.

1.8. Climate change scenarios

The pilot 2D modelling was carried out using deterministic events for the input flows i.e. running with 
50 year or 100 year return period event as is more suited for analysis on smaller catchments such 
as individual tributaries. Climate change sensitivities are then derived by looking at changes in the 
expected flows through analysis of the SWAT results and 2D modelling using increases in flow with 
expected climate. This is expanded upon in section 4.3.

1.9. Outputs

The data outputs are in a suitable format for further analysis of flood damages that in turn can be 
processed into annual average damages and used in cost benefit and cost effectiveness analyses for 
the MASAP preparation.
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2. Previous Studies of Mekong Flood Mapping and 
available data

2.1. Previous Regional Studies and Global Datasets

The Mekong Basin and the Lower Mekong in particular has been the subject of numerous flood 
studies and indeed was the subject of one of the first applications of computer modelling as part of 
UNESCO studies in the 1960s.  

Following the signing of the Mekong Agreement the World Bank supported the development of the 
MRC’s Decision Support System (DSF) 2001-2004 which included a basin-wide modelling system 
though the standard modelling tools which were set up for flood modelling only for the Cambodian 
floodplains and Vietnam delta below Kratie.  The system has been enhanced and extended but 
remains similar to the original. In 2008-2010 the MRC Flood management programme supported a 
significant Flood Risk study which resulted in guidelines for Flood Risk Management and a significant 
pool of data for damage estimation in some selected focal areas though unfortunately the studies had 
no consideration of Climate Change. 

The basin-wide flood mapping makes use of the extensive prior work of the IKMP modelling team 
to simulate baseline and climate change scenarios for a 24 year hydrological simulation.  This has 
provided mapping of the Cambodia floodplain and Mekong delta for selected dry average and wet 
years.  In the upper part above Kratie no flood mapping has been attempted previously as the SWAT 
and IQQM models give only flow and not water levels.

Recent global studies have included the Mekong basin and notable examples including the Global 
Assessment Reports 2013 and 2015 (GAR 2015) which utilize simplified modelling approaches for 
floods, the WRI/Delft Flood Aqueduct and the EU Joint Research Centre’s Glofas system. MRC FMMP 
has continued to build on earlier work under their Initial Studies of Impact of Climate Change on Flood 
Risk Management (MRC 2015).  Various private companies (including JBA Risk Management) have 
developed probabilistic flood analysis for insurance purposes that cover the LMB countries but these 
are generally not available publicly.

Other researchers have attempted to derive flood mapping from satellite observations and some 
have even attempted to define frequencies but the analysis is heavily limited by the period of good 
observation and very coarse resolution imagery (e.g. Modis which has only 500m resolution and is 
obstructed by clouds common in the rainy season).

However, whilst significant progress has been made on model and satellite analysis in the previous 
studies it is believed that this study is the first to truly attempt to do basin-wide flood modelling at a 
regional scale and level of detail for all 620,000 km2 of the Lower Mekong Basin.  

2.2. Satellite Based Monitoring

The MRC has acquired satellite data using radar sensors from Radarsat1 and Radarsat2 of Canada 
between 1999 and 2006 which were processed into flood outlines showing the major, mean and 
minor flood extent outlines.  These have been widely shared via the MRC portal  and used by MRC and 
others studying floods in the Mekong.  In 2011 further multiple images were obtained and processed 
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to give outlines showing the progression of a major flood event.

The Dartmouth Centre for world floods has kept records of Mekong flooding derived from satellite 
data and publishes outlines though mostly at low resolution (Dartmouth Flood Observatory 2007).

The World Bank commissioned EO World who processed high resolution satellite data for 2 pilot 
areas in Cambodia and though their detailed mapping of properties was new, and a comparison was 
made with a Spot Image of flooding 3 weeks later with the finding that there were some differences 
as might be expected. 

A number of Institutions and projects have analysed the MODIS satellite data.  This has a poor (500m) 
resolution and is affected by cloud cover but is more frequent than other satellites such as Radarsat 
so some useful data can be drawn from it. The German backed Wisdom project in Vietnam and also 
IWMI have used MODIS in their studies. IWMI have a web based mapping module (http://waterdata.
iwmi.org/Applications/Southeast_Asia_Flood_Mapping/) based on MODIS data. The USAID backed 
Mekong SERVIR project also plan to create a web based analysis of the satellite data but this is not 
yet available. Examples of these available satellite products are given in Figure 2-1.

However whilst the satellite da2-1ta is useful for comparing models against, the record and resolution 
are too short for any accurate flood risk analysis and for any climate change analysis or projection.

Mekong River Commission Major Flood Dartmouth Flood Observatory
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IWMI Portal for access to flooding indicated by Modis 
(500m resolution).

EO World

Figure 2 1 Satellite Based flood mapping 

2.3. Event Model Based Flood Analysis

The MRC supported by the World Bank during the WUP project 2000-2006 developed and built 
capacity in using models based on SWAT for Hydrological inputs, IQQM for Dam and Irrigation water 
resource modelling of the Basin and ISIS for hydrodynamic and water quality (salinity) analysis in the 
Cambodia Floodplain and Vietnam delta.  The principle of the system has been to simulate a long 
time series but to analyse in more detail typical average, wet and dry years.  Tools are available for 
statistical analysis at a point in space such as at a gauging site.  The same principle has been others 
such as Koika, CTi/DHI, World Bank HAE studies in Thailand and Lao and the Mekong ARCC.  

Whilst building understanding by focussing on specific years, the additional step of probabilistic 
analysis of the results for a baseline infrastructure (that can change rapidly) and a hydrological time 
series has rarely been taken.

2.4. Probabilistic Flood Analysis

Whereas global studies that include the Mekong routinely utilise a standard probabilistic approach, 
the first step in this direction for the regional studies was taken by the MRC FMMP for the lower basin 
as illustrated in Figure 2 2. 
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Figure 2 2 Probabilistic Mapping for 1:2 year and 1:100 year events pre and post 1 August completed under MRC FMMP 
(2010) 
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The FMMP (2010) work cannot easily be extended to climate change analysis unfortunately as the 
upstream inflows are based on 100 years of historic record.

Global studies for Disaster Risk Management have produced indicative flood maps that are processed 
to provide relative flood damage and in some cases climate change scenarios are incorporated.  It 
must be remembered that the global studies are often at a fairly low resolution but nevertheless it is 
worth looking at the parts of the methodology and findings that are relevant to the Regional MASAP.

The derivation of exposure dataset for the GAR reports 2013 and 2015 are very relevant to the MASAP 
formulation and will be described in more detail in later chapters of this report.  The flood mapping 
that is used with the global studies is all based on some probabilistic analysis though in some cases 
this is more suited to smaller catchments than the Mekong.

The global flood mapping utilises three distinct techniques:

1.  Probabilistic Volumes applied to DEM (WRI/Delft)

2.  Probabilistic flows applied to river cross sections to give level (UNEP) 

3.  Simplified Flood Routing based on the LISFLOOD approach (EU JRC)

Figure 2 3 Global Flood Mapping - WRI Aqueduct/Delft based on volume approach
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Figure 2 4 Global Flood Mapping UNEP for GAR13/15 based on Manning conveyance approach



Enhancement of Basin-wide Flood Analysis and Additional Simulations under 
Climate Change for Impact Assessment and MASAP Preparation

15

Figure 2 5 Global Flood Mapping. EU JRC Glofas model based on LISFLOOD modelling approach
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2.5. Summary of findings from existing basin-wide flood models

As can be seen in Figures 2.3 to 2.5, the global models may show flood extents in the tributaries 
reasonably well in some locations but the result for the main Mekong including the Great Lake and 
Vietnam tidal areas suffer heavily from the model simplification and the inaccuracy of the global DEMs 
that are used in model formulation and mapping (see for example the lines and stripes across the 
mapping for the Cambodia floodplain and the Vietnam delta in Figures 2.3 and 2.5 that are entirely 
due to the dem and do not correspond to observations or natural features).  The assumptions made in 
the simplified modelling is also unable to correctly show the extent of flooding around the Tonle Sap 
and Great Lake.

In this regional study therefore the more detailed MRC hydrodynamic models (ISIS) and more detailed 
topographic DEM based on land surveys are used for the mainstream from Chaing Saen to the sea 
including the Tonle Sap and Cambodia floodplain as well as the tidal Mekong Delta. Significantly 
better accuracy can be expected from using this approach for the main rivers than is available in 
available global mapping studies.

The tributaries can be modelled in a similar way to the global approach (using JFLOW) but utilising a 
finer resolution grid for the dem and more detailed study of the hydrological inputs from local records.   
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3. Updating of the MRC Hydrodynamic (ISIS) Models for 
the mainstream Mekong

3.1. Component 1 – Upgrade and run Isis models for the full baseline and 
climate change scenarios (24 years time series)

3.1.1. Upgrade the existing model Upstream of 
Kratie

The Mekong upstream of Kratie is coveredby 
two ISIS models that have been upgraded 
and improved so that they can be used for 
flood simulations. The extent of these two ISIS 
models are from:

•  Chiang Saen to Pakse

•  Pakse to Stung Treng

The existing ISIS models were in bank models. 
The Chiang Saen to Pakse model was built 
by the IKMP Modelling Team in 2007/8 for 
simulation of sediment movement and the 
Pakse to Stung Treng model was assembled in 
2015 by the IKMP Modelling Team. They have 
been reasonably calibrated to match water 
levels at gauge stations but needed upgrading 
to include significant storage and functional 
floodplain to be suitable for flood modelling 
and mapping. For flood simulations therefore 
the flood storage and/or conveyance have now 
been represented using spill units, reservoir 
units or floodplain sections in the model as 
most suitable. 

The Chaing Saen to Pakse model covers approximately 1,500 km of watercourse and consists of more 
than 450 nodes at a 4km spacing. Much of the flooding along the upper basin occurs at tributary 
confluences and thus some of this is influenced by the Mekong level even if the tributary is not in 
flood.

The reach downstream of Pakse has only recently been modelled in ISIS and more attention has 
been paid to check and improve the difficult areas for model representation such as at the Khone 
Falls and downstream of Stung Treng where the data available for channel cross sections from the 
hydrographic atlas is very sparse.
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3 Updating of the MRC Hydrodynamic (ISIS) Models 
for the mainstream Mekong 

3.1 Component 1 – Upgrade and run Isis 
models for the full baseline and 
climate change scenarios (24 years 
time series) 

3.1.1 Upgrade the existing model Upstream of 
Kratie 

The Mekong upstream of Kratie is covered by 
two ISIS models that have been upgraded and 
improved so that they can be used for flood 
simulations. The extent of these two ISIS 
models are from: 

• Chiang Saen to Pakse 

• Pakse to Stung Treng 

 

The existing ISIS models were in bank models. 
The Chiang Saen to Pakse model was built by 
the IKMP Modelling Team in 2007/8 for 
simulation of sediment movement and the 
Pakse to Stung Treng model was assembled in 
2015 by the IKMP Modelling Team. They have 
been reasonably calibrated to match water 
levels at gauge stations but needed upgrading 
to include significant storage and functional 
floodplain to be suitable for flood modelling 
and mapping. For flood simulations therefore 
the flood storage and/or conveyance have 
now been represented using spill units, 
reservoir units or floodplain sections in the 
model as most suitable.  

The Chaing Saen to Pakse model covers 
approximately 1,500 km of watercourse and consists of more than 450 nodes at a 4km spacing. 
Much of the flooding along the upper basin 
occurs at tributary confluences and thus some 
of this is influenced by the Mekong level even if 
the tributary is not in flood. 

The reach downstream of Pakse has only recently been modelled in ISIS and more attention has 
been paid to check and improve the difficult areas for model representation such as at the Khone 
Falls and downstream of Stung Treng where the data available for channel cross sections from 
the hydrographic atlas is very sparse. 

3.1.2 Model Build 

The following steps have been followed in order to upgrade the existing ISIS models. 

• Use available topographic information to extend cross sections in GIS and update ISIS 
data. 

• Define necessary spills, embankments and reservoir units using available topographic 
data. 

• Represent known areas protected by embankments and represent threshold level in the 
model (essentially Vientiane area). 

Figure 3-1: Flow chart of the main steps taken in Section 3 
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3.1.2. Model Build

The following steps have been followed in order to upgrade the existing ISIS models.

•  Use available topographic information to extend cross sections in GIS and update ISIS data.

•  Define necessary spills, embankments and reservoir units using available topographic data.

•  Represent known areas protected by embankments and represent threshold level in the model 
(essentially Vientiane area).

3.1.3. Hydrology

•  Existing model simulations for CCAI by IKMP using IQQM were used to give the inflows to the 
ISIS models for both baseline and climate change scenarios.  The MRC Toolbox ‘DTT’ (Data 
transfer tool) was used to extract data consistently for each ISIS model tributary input. 

3.1.4. Flood Mapping 

•  The ISIS models had previously not been used for flood studies so a TIN (Triangular Irregular 
Network – a way of interpolating water levels from points to a surface) that was compatible with 
the improvements and extensions of the two models was made.

3.1.5. Calibration and verification

• Existing rating curves at key locations were used to calibrate and verify the water levels predicted 
by the ISIS model.

• Predicted flood outlines for known flood areas obtained from satellite imagery and historic 
records were also used to verify the mapping.

3.1.6. Simulation

•  The flows for each tributary input to the ISIS model, as prepared by the MT for CCAI in the IQQM 
model, were extracted for the baseline case and a range of climate change scenarios for the 
ISIS models upstream of Kratie. These were done using the Data transfer tool from the MRC 
Toolbox.

•  The two ISIS models were run for both the 24 year baseline condition, and a full range of 24 
year perturbed scenarios for 2030 and 2060 projections specified by CCAI, and the results 
saved.  

3.1.7. Mainstream flood modelling downstream of Kratie

A detailed and well-performing model of Lower Mekong Basin exists and further changes to the ISIS 
model of that part were deemed unnecessary. 

Time series for a large number of LMB (Cambodia below Kratie and the Vietnam delta) ISIS model runs 
were already completed by IKMP for CCAI so these existing runs formed the basis for analysis without 
re-running models.  

The completed IKMP model runs downstream of both Kratie and the TIN points that were used in 
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2015. The main climate change scenarios that had sea level rise relevant to flooding in 2030 and 
2060 were selected for analysis.

3.2. Component 2 – Generate probabilistic output from ISIS models

3.2.1. Background and requirement

Currently the ISIS model of the Mekong Mainstream is run to simulate a long term flow record of 23 
years covering the period between 1985 and 2008. Maximum outlines and depth grids can be created 
for particular years of record however there is no straightforward method to create probabilistic flood 
maps for particular flood events such as the 1 in 100 year return period event. 

In previous MRC studies probabilistic output is only generated for selected model nodes for example 
flows at gauging stations and levels at specific towns and other key locations. The flood levels 
for different return periods are then used to estimate damages based on the historic relationship 
(from recorded data) between flood damage and water level. However, it must be noted that 
historic relationship data reflects situations of lower development in the area than present day or 
future scenarios. This may lead to an underestimate of damages from an event with a similar water 
level to historic flood occurrences. Generating full outlines for different return periods will allow an 
assessment of flooded areas and average depths for different return periods at locations across the 
basin.  Probabilistic mapping is needed to more easily assess the impacts of different events in terms 
of flood extent and likely population and infrastructure affected. It also allows comparison between 
different climate change scenarios in a more visual way.

3.2.2. Approach Used for Probabilistic Calculations in the ISIS Model of the Mainstream

The long term Annual Maximum water level series was extracted from the existing ISIS mainstream 
models at all model nodes necessary for mapping. 

At every node an Annual Maximum (AMAX) series, which is the maximum value for each year of 
record, is created. This series is used to derive a flood frequency curve of severity against recurrence 
interval. The curve for each node is fitted to a statistical distribution (the log-Pearson III) which allows 
return period events that are higher than the period of record to be estimated. It is recommended 
by the USGS and others that a period of record of at least 10 years is used for probabilistic flood 
estimation and ideally a record length similar to the return period calculated. Clearly the longer the 
period of record the more accurate the resulting flood estimation and a 24 year series is relatively 
short for extreme events such as the 1 in 100 year. 

3.2.3. Automation

A Python script was written that creates the AMAX series and flood frequency curve for each node 
directly from the exported ISIS results files and writes this back into the same format that can be 
directly used in the ISIS flood mapping software. This automation will allow the script to be used in 
the future for different climate change scenario flow series, model changes, and increased years of 
record. 
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Figure 3-2 1:100 Year Flood Outline using mainstream ISIS models only 

  

Flood depth (m) 

Figure 3 2 1:100 Year Flood Outline using mainstream ISIS models only Outline creation
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3.2.4. Outline creation 

The water level at a selected number of return periods will be generated for each node. These are 
mapped by creating a water level TIN for each return period and then subtracting the DEM level from 
the modelled flood level to create both depth grids and maximum extent outlines. The resultant GIS 
datasets will be used to create the flood indicators for each return period.

GIS datasets have been created for the following return periods;

• 1 in 2 year

•  1 in 5 year

•  1 in 10 year

•  1 in 25 year

•  1 in 50 year

•  1 in 75 year

•  1 in 100 year

The 1 in 200 year, 1 in 500 and1 in 1000 year event datasets are also produced.  However, as such rare 
events are not necessary for the damage calculation and the uncertainty from a short period of record 
is high these return periods are not used. It should also be reminded that even the datasets for the 
1:50, 1:75 and 1:100 contain high levels of uncertainty due to the restricted record period.

The script has been prepared so that seasonal considerations can be taken into account (e.g. floods 
prior to 1 August) but this has not yet been utilised.
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4. Tributary Modelling

4.1. 2D Modelling of Tributaries 

4.1.1. Background

The 1D hydrodynamic flood models are only available for the Mekong mainstream, Tonle Sap and the 
Vietnam delta. The nature of 1D hydrodynamic models such as ISIS is that they need good data inputs 
to get the required output and thus they can be time consuming to set up and, ideally, require detailed 
survey information of regularly spaced channel cross sections. Therefore it would not be possible to 
set up a detailed model covering the whole basin and associated tributaries. The advantage of 2D 
modelling is that comprehensive cross section information is not needed as the river channel itself 
is not being modelled in detail. Certain assumptions based on catchment wide knowledge are made 
regarding channel capacity and water in excess of the channel capacity is then allowed to spread 
across a raster based digital elevation model (DEM) according to parameters such as depth, slope, 
topography and supplied roughness. It is therefore possible to create modelled floodplain output 
covering a large area much more quickly and efficiently than using a 1D model.

The resultant output is a depth grid and flood outline in GIS form across the extent of the area being 
modelled. The created GIS datasets can then be used for mapping and analysis of socioeconomic 
impacts such as monetary damages and affected population.

4.1.2. JFlow+

The JFLOW+ GPU Model has been used for the 2D modelling of tributaries.  This model is written 
and maintained by JBA with a number of external users and includes a solution of the shallow water 
equations and is thus able to take account of backwater effects such as those which occur near to the 
main Mekong river. Further information is given on www.jflow.co.uk and the independent benchmarking 
of 2D models is given in the 2013 Environment Agency (England) report on Assessment of 2D models.

The model is able to provide not only flood extents but depth and hazard outputs to standard 
formulations and can simulate either river or local rainfall driven flooding. The resultant GIS datasets 
can be overlaid with village locations to create damage estimations for particular events.

The Jflow runs were carried out using GPU technology which allows for more detailed simulations in a 
reasonable period of time.  In this case a 25m grid size has been used for the channel flow simulations 
and 100m for the rainfall.  This compares well with other raster modelling in the Mekong such as the 
WUPFIN modelling in IKMP which uses a 5km grid size.

The program has been utilised in two ways (see Figure 4 2) firstly is to estimate the flows at a number 
of points down the catchment and then to run successive simulations to derive flood depths and 
outlines.  The second method is to provide a direct rainfall simulation and utilise a simple hydrological 
runoff calculation cell by cell into the hydrodynamic simulation.  The latter method has provided an 
initial outline of possible flood areas sensitive to short duration flood events but can be seen as 
indicative as there is no separate channel flow defined and the simulated flow depends on the DEM 
used, the rainfall input and the hydrological calculation (the proportion of flow that runs off is estimated 
using a USDA CN approach and a CN=70 was specified).
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4.1.3. Jflow runs for Pilot tributaries

The first step for the 2D modelling is the selection of the pilot tributaries to be modelled. This has 
been done to cover a sample of the areas of interest that are not currently covered by the existing 1D 
hydraulic models.

The technique as outlined in Option 3 – Cross Section Inflow entails using an inflow hydrograph at 
regular points down the catchment and running the model to simulate flooding from the inflow within 
a ‘bounding box’.  The flood depths obtained from all the different simulations are then consolidated 
into one output for the whole catchment.

This technique has been widely used in flood studies worldwide but is relatively time consuming 
for a lot of scenarios and return periods despite using GPU technology that speed up the outputs 
‘thousands’ of times faster than CPU based simulations.  Because there was insufficient time to obtain 
a full coverage using this technique, and to rapidly get a full coverage, other tributaries have been 
modelled using technique 4 (Figure 4.2) where the full rainfall runoff is calculated on a grid basis and 
a rainfall runoff model.
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Figure 4-1  Pilot Tributaries Modelled using Jflow+ 

have been modelled using technique 4 (Figure 4.2) where the full rainfall runoff is calculated on a 
grid basis and a rainfall runoff model. 

 

 

 

  

Figure 4 1  Pilot Tributaries Modelled using Jflow+
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1. Centred Box, 1 inflow point 2. Bounding Box, multiple inflows

3. Cross Section Inflow 4. Rainfall on a grid

5. Reservoir Cascade Dam Failure Processing Power of high specification GPU 
as used by Jflow is thousands of times greater 
than available for traditional CPU computing.

Figure 4 2  JFlow+ Options for simulation Options 3 and 4 have been used for this study to identify the most at risk areas.

It is necessary to derive a set of probabilistic input hydrographs for the pilot areas being modelled. 
These were derived through analysis of the existing SWAT models and relevant sub basins and with 
reference to work already carried out to analyse flows and gauged levels within the basin. Regional 
flood frequency analysis was carried out to derive the growth curves needed to calculate the flows for 
each return period modelled. Regional analysis allows records from different stations to be combined 
in order to increase the length of record and allow for more confidence in the distribution of extreme 
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events. Regional flood frequency analysis makes the assumption that homogenous areas with similar 
frequency distributions can be identified.  A number of background studies have been identified 
including MRCS FMMP work in Flood Report 2007 and ICEM report on flood estimation in ungauged 
catchments and this data together with analysis of the available gauges in pilot tributaries has been 
used as described in the next section.

4.2. Hydrological and Flood Frequency Analysis 

4.2.1. Previous Studies - Mainstream

There are a number of publications on the analysis of floods of the Mekong including the analyses 
of MRC (for example Overview of the Hydrology of the Mekong Basin, Flood Report 2006).  An 
earlier study relevant to the flood frequencies of the main river Mekong, Ewart and Brutsaert (1973) 
Some Generalised Characteristics of the Floods and Droughts of the Lower Mekong presents a set 
of techniques for estimating design flood flows on the Mekong not only analysis at gauging sites.  
Relationships between the mean annual flood and drainage area or distance along the river are given 
for use at ungauged sites.  It also provides flood growth factors for return periods up to 100 years.  The 
median growth factor for the 100-year flood is 1.45, indicating a remarkably shallow growth curve, i.e. 
little variation between average floods and extreme floods.  It is understood that this analysis referred 
to in MRC (2015) has not been updated since 1973 though the additional data now available would 
give improved results.  

The main river Mekong is covered by a suite of models: the SWAT rainfall-runoff model provides 
inflows to the IQQM routing model, which includes the effects of reservoirs, and flows from this are 
input to an ISIS hydraulic model and long term simulations are used to define the flood frequencies 
in this study as described in the previous chapter. The results from the models can be compared with 
the earlier analysis.

4.2.2. Previous Studies - Tributaries

On the tributaries of the Mekong there have been several previous studies into regionalisation of flood 
frequency estimation, i.e. methods of estimating design flows for ungauged locations, or locations 
with short flow records.  These include the following:

1.  ICEM (2014), Regional Flood Frequency Analysis For The Mekong Basin: A Tool For Estimating 
Hydrological Characteristics In Ungauged Catchments. This study used data from 24 gauges on 
tributaries with at least 10 years of record.  Regression equations were developed for estimating 
design flows with return periods 50 and 100 years, also for the probable maximum flood (PMF) 
and mean annual volume. Separate equations were developed for three portions of the basin.  
No method is provided for estimating floods of other return periods. There are some concerns 
over the analysis:

•  Some of the equations are not in accordance with usual hydrological findings.  This may be a 
consequence of the small sample sizes in some of the regression modelling.  For example, it is 
difficult to conceive of a physical explanation as to why the mean annual flow volume should be 
proportional to the square of the catchment area, or affected by the catchment slope.  

•  Similarly, the equation for estimating the 100-year flood in the Central Annamites region is highly 
unusual in that flow is set equal to catchment area plus a function of area and the number of 
storms.  This leads to unrealistically high estimates of the 100-year flood, 4-5 times higher than 
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the 50-year flood for some catchments.  Such results are questionable.

•  Some of the regression equations have a very high R2 but a small sample size. It may have been 
preferable to group all data in a single regression but consider more explanatory variables or a 
local correction factor to be applied after the regression.  

•  There is no index of rainfall or climate apart from the number of monsoons. 

•  There is no index of dam influence

•  It appears that both outlying peak flows and stations with outlying statistics were deleted from 
the analysis, with no apparent attempt to learn from these outliers and refine the analysis.

•  The only statistical distribution used was the log Pearson. 

In light of the above, the results of ICEM (2014) have not been used.  

2.  MRC (2008) Annual Mekong Flood Report 2007. This report starts with an insightful, detailed and 
excellently-presented description and analysis of the flood hydrology of the Mekong tributaries.  
Methods of estimating design flows at ungauged locations are presented.  For tributaries 
between Vientiane and Pakse, the graph below shows the relationship between mean annual 
flood and catchment area.  Note the logarithmic scale on both axes, which can tend to mask the 
amount of scatter around the fitted regression lines.  There is no discussion in the report of the 
potential for including other covariates in the regression model, such as indices of climate of the 
influence of reservoirs.  However, given the limited number of sample points, it may be that a 
simple model is the most appropriate one.  
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Mekong tributaries.  Methods of estimating design flows at ungauged locations are 
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Figure 4-3 Relationship between Annual Flood Peak and Catchment Area (MRC Flood Report 2007). 

3. The following figure shows the flood growth curve for left bank tributaries between 
Vientiane and Pakse (a separate curve is provided for the Mun-Chi basin).  The red line is 
a two component extreme value distribution, although in the case of this dataset only one 
component of the distribution is required.  The distribution is fitted to a combined record 
consisting of the annual maximum flows at all gauges in the area, concatenated together. 
This approach, known as the station-year method, is only valid when combining records 
that can be considered independent.  Where there is dependence between the flood 
flows at the various gauging stations, as is likely to be the case here, the annual maximum 
flows in the combined sample cannot be treated as independent, which is one of the 
fundamental assumptions of extreme value analysis.    

The MRC (2008) report stresses the importance of understanding flood volumes as well as peak 
flows. The results of MRC (2008) have been considered for the present study and compared 
against flood frequency analysis at selected gauges as described below. 

4.2.3 Analysis of Tributaries Gauges 

 
1. Data available 

MRC (2008) includes schematic maps of gauging station locations on each set of tributaries, along 
with information on the catchment area at each gauge.  Gauges used in this study for the Pilot 
Catchments are listed below.  Not all types of analysis were carried out at every gauge. 
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distribution is required.  The distribution is fitted to a combined record consisting of the annual 
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maximum flows at all gauges in the area, concatenated together. This approach, known as the 
station-year method, is only valid when combining records that can be considered independent.  
Where there is dependence between the flood flows at the various gauging stations, as is likely 
to be the case here, the annual maximum flows in the combined sample cannot be treated as 
independent, which is one of the fundamental assumptions of extreme value analysis.   

The MRC (2008) report stresses the importance of understanding flood volumes as well as peak 
flows. The results of MRC (2008) have been considered for the present study and compared against 
flood frequency analysis at selected gauges as described below.

4.2.3. Analysis of Tributaries Gauges

1. Data available

MRC (2008) includes schematic maps of gauging station locations on each set of tributaries, along with 
information on the catchment area at each gauge.  Gauges used in this study for the Pilot Catchments 
are listed below.  Not all types of analysis were carried out at every gauge.

Table 4 1 Available Tributary Flow Data

River Location Station number Catchment area 
(km2)

Record length 
(years of annual 
max. flows)

Catchment: Se Bang Hieng (left bank tributary, Lao)

Se Bang Hieng Sopnam / Tchepon 350105 3990 18

Se Bang Hieng Ban Keng Done 350101 19400 36

Se Champone Ban Keng Kok 350601 2640 27

Se Xangxoy Ban Phalane 350501 880 15

Catchment: Mun-Chi (right bank tributary, Thailand)

Nam Mun Rasi Salai 380134 44600 24

Nam Mun Ubon 380103 104000 44

Nam Mun Kaeng Saphu Thai 380127 116000 25

Nam Chi Ban Chot 370122 10200 28

Nam Chi Yasothon 370104 43100 44

Huai Khayuong Ban Huai 
Khayuong

381206 2900 AMAX not 
extracted

Huai Pa Thao Ban Tad Ton 371203 326

Nam Yang Ban Na Thom 371509 3240

Lam Dom Yai Ban Fang Phe 381503 1410

Catchment: Se Done (left bank tributary, Lao)

Se Done Souvannah Khili 390104 5760 19

Catchment: Se Kong (left bank tributary, Lao and Cambodia)

Se Kong Attapeu 430105 10500 15

Se Kong Ban Veunkhen 430106 n/a 5

Se Kong Siempang 430102 n/a 3
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Note: The gauges at Ban Veunkhen and Siempang are not mentioned in MRC (2008).  They are shown on the MRC website monitoring.
mrcmekong.org as providing real-time water level data.

Given the time available for this project there has been no attempt to check the quality of flood flow 
measurements at any gauge.  Daily flow data has been obtained from the MRC, and annual maximum 
flows extracted for calendar years.  Annual maximum flows have been included in the frequency 
analysis if there are no substantial missing periods of data during the main flood season in the year 
concerned.  Missing data during the dry season has been ignored. The records that were obtained 
ceased around the years 2003-2005 at most gauges, so the analysis has not been able to include 
data from the past 10 years or so.   

It has been assumed that the flow measurements are accurate and, for the purposes of flood frequency 
analysis, that the annual maximum flows are independent and identically distributed, with no temporal 
clusters or trends.  In reality these assumptions are not likely to strictly hold true, but they are common 
for many such analyses of this type.  

2.  Evaluation of flood peaks simulated by SWAT

The graphs below compare observed and simulated annual maximum flows for the Se Bang Hieng at 
Ban Kengdone and Sopnam and the Se Done at Souvannah Khili.  Simulated flows are also available 
for the Se Kong at Siempang, but the gauged record here covers just a few years in the 1960s and 
does not overlap with the simulated period.
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At Ban Kengdone the observed flows cover a much longer period than the simulated. On average 
the simulated and observed annual maximum (AMAX) flows are of a similar magnitude, although 
there is considerable scatter among the largest peaks.  

 
Further upstream at Sopnam, the simulated AMAX flows tend to substantially underestimate the 
observed flows.  One possible explanation could be the daily time step used for the simulation on 
this relatively small catchment, although if the observed flows are daily mean values then there 
should be no mismatch in the time step.   

At Ban Kengdone the observed flows cover a much longer period than the simulated. 
On average the simulated and observed annual maximum (AMAX) flows are of a similar 
magnitude, although there is considerable scatter among the largest peaks. 
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the observed flows.  One possible explanation could be the daily time step used for the 
simulation on this relatively small catchment, although if the observed flows are daily 
mean values then there should be no mismatch in the time step.  
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For the Xe Done at Souvannah Khili, there is a general consistency between most of the simulated 
and observed AMAX, but there is a large exception in 1987, when the highest flow on record 
occurred, 5290 m3/s, occurred on 23 August. In the simulated series the flow for that date is just 
871 m3/s, and the annual maximum for that year in the simulated series is 967 m3/s.  This is clearly 
a discrepancy that highlights the difficulty in capturing the flood peaks in modelling tributaries with 
limited data. 

Comparison of design flows from different methods 

The graphs below compare flood frequency estimates from up to four approaches at six gauging 
stations, all on left bank tributaries.  This analysis has not been carried out for the Mun Chi basin, 
which was added later in the project and where flood frequency estimates have been obtained 
solely from the regional analysis for the Mun-Chi basin presented in MRC (2008).   

The approaches that are compared are: 

a. A flood frequency curve fitted to the observed annual maximum flows.  After visual 
comparison of various candidate distributions, the Logistic distribution was selected, fitted 
using the method of L-moments.  This is a two-parameter distribution, helping to reduce 
the standard error in comparison with more complex distributions, which is an important 
consideration in light of the relatively small sample sizes. 

b. A flood frequency curve, also the Logistic distribution, fitted to the simulated annual 
maximum flows at selected gauges. 

c. Design flows for return periods 50 and 100 years estimated from catchment properties 
using the method for Region 2 in ICEM (2014). 

d. A flood frequency curve estimated using the ungauged catchment method for tributaries 
on the left bank in Lao PDR given in MRC (2008).  Note that this was derived using data 
on tributaries between Ventiane and Pakse.  It has been applied for some tributaries that 
join the Mekong further downstream, i.e. the Se Done and the Se Kong.  MRC (2008) 
does not present an equivalent method for tributaries in this area, between Pakse and 
Kratie.   

For the Xe Done at Souvannah Khili, there is a general consistency between most of the 
simulated and observed AMAX, but there is a large exception in 1987, when the highest 
flow on record occurred, 5290 m3/s, occurred on 23 August. In the simulated series the 
flow for that date is just 871 m3/s, and the annual maximum for that year in the simulated 
series is 967 m3/s.  This is clearly a discrepancy that highlights the difficulty in capturing 
the flood peaks in modelling tributaries with limited data.
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Comparison of design flows from different methods

The graphs below compare flood frequency estimates from up to four approaches at six 
gauging stations, all on left bank tributaries.  This analysis has not been carried out for the 
Mun Chi basin, which was added later in the project and where flood frequency estimates 
have been obtained solely from the regional analysis for the Mun-Chi basin presented in 
MRC (2008).  

The approaches that are compared are:

a.  A flood frequency curve fitted to the observed annual maximum flows.  After visual comparison 
of various candidate distributions, the Logistic distribution was selected, fitted using the method 
of L-moments.  This is a two-parameter distribution, helping to reduce the standard error in 
comparison with more complex distributions, which is an important consideration in light of the 
relatively small sample sizes.

b.  A flood frequency curve, also the Logistic distribution, fitted to the simulated annual maximum 
flows at selected gauges.

c.  Design flows for return periods 50 and 100 years estimated from catchment properties using the 
method for Region 2 in ICEM (2014).

d.  A flood frequency curve estimated using the ungauged catchment method for tributaries on the 
left bank in Lao PDR given in MRC (2008).  Note that this was derived using data on tributaries 
between Ventiane and Pakse.  It has been applied for some tributaries that join the Mekong further 
downstream, i.e. the Se Done and the Se Kong.  MRC (2008) does not present an equivalent 
method for tributaries in this area, between Pakse and Kratie.  
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Figure 4-4 Pilot Tributary Flood Frequency Curves Sopnam, Kengdone, Ken Kok 
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Figure 4-5 Pilot Tributary Flood Frequency Curves Ban Phalane, Souvannakilli, Attapeu 

 
The flood frequency curves presented in Figures 4.5 and 4.6 show when comparing predictive 
models with the observed flow record: 

Figure 4 5 Pilot Tributary Flood Frequency Curves Ban Phalane, Souvannakilli, Attapeu
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The flood frequency curves presented in Figures 4.5 and 4.6 show when comparing predictive models 
with the observed flow record:

•  As already mentioned, the regression equation in ICEM (2014) for the 100-year flood appears to 
be incorrect.  It can give large overestimates at some locations.  In contrast, the estimates of the 
50-year flood are reasonably accurate.  

•  At all three sites with simulated flows available, the flood frequency curve is underestimated 
in comparison with that fitted to observed flows.  The difference is largest at Sopnam, where 
design flows are smaller by a factor of around 2.  However, the curve fitted to observed AMAX 
should not necessarily be taken as the truth, given the short record length.  

•  The method given in the 2007 flood report shows a variable performance.  In four cases the 
flood frequency curve lies below that fitted to observed AMAX, and in the other two cases it 
is above or similar.  It appears to lie close to the curve fitted to simulated AMAX flows in most 
cases.  

The findings of this analysis suggest that great caution should accompany any application of existing 
methods of ungauged catchment flood estimation for the Mekong tributaries.  In addition, the 
simulated flows from SWAT should not be taken as necessarily providing a good representation of 
flood frequency.  Further investigation of regional flood frequency for the Mekong tributaries would 
be worthwhile.  It is possible that the best aspects of the ICEM (2014) and MRC (2008) studies could 
be combined, along with experience of similar studies in other parts of the world.  In the meantime, 
where possible, it may be preferable to base modelling of baseline conditions on direct analysis of 
observed AMAX, transferring results where necessary from nearby gauging stations draining similar 
catchments.  

It is possible that the SWAT results might best be used to provide relative adjustments to baseline 
conditions, rather than using the absolute values of flow simulated from each climate change scenario.  
However, this approach would need careful consideration.  There is no guarantee that the model 
overestimates or underestimates by a consistent amount across both the baseline and the perturbed 
scenarios.  

4.2.4. Selected approach: estimation of peak flows

There is a need to estimate design flood hydrographs at a large number of locations, for input to 
fluvial JFlow models.  Most of these locations are ungauged.  The approach used to estimate design 
flows on the left bank tributaries for present-day conditions is:

a. Estimate the mean annual flood QBAR using the regression from MRC (2008).

b.  Adjust the estimate obtained at step (a) using a “donor site”, i.e. a gauging station on the same 
river where available. Calculate an adjustment factor at the gauge which is the ratio of QBAR 
estimated from AMAX flows to QBAR estimated from the regression.  The assumption made is that 
the performance of the regression model is similar at the ungauged site and the donor site.

c.  Estimate design floods for the return periods of interest using a flood growth curve.  Where a long 
enough record of data is available, derive this by flood frequency analysis of observed AMAX 
flows at a gauge on the same river as the site of interest.  
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The table below shows which donor sites have been used to adjust design flows on each modelled 
river system.  

Table 4 2 Tributary Flood Parameters

Rivers Donor site for 
QBAR

Adjustment 
factor for QBAR

Source of flood 
growth curve

Growth factor for 
100-year return 
period flood

Se Bang Hieng 
and tributaries 
apart from Se 
Champone and 
Se Xangxoy

Mean of gauges 
in catchment

1.00 Ban Kengdone 1.99

Se Champone 
and Se Xangxoy – 
catchments larger 
than 1500km2

Ban Ken Kok 0.41 Ban Ken Kok 1.86

Se Champone 
and Se Xangxoy 
– catchments 
smaller than 
1500km2

Ban Phalane 1.29 Ban Phalane 5.53

Nam Mun, Nam 
Chi and tributaries

None – MRC 
(2008) regression 
used

n/a MRC (2008) 
regional curve for 
Mun Chi

3.60

Se Done and 
tributaries

Souvannah Khili 1.63 Souvannah Khili 1.79

Se Kong and 
tributaries

Attopeu 1.62 MRC (2008) 
regional curve for 
Lao

2.70

Prek Te and 
tributaries

No gauges – 
used MRC (2008) 
regression

n/a MRC (2008) 
regional curve for 
Lao – no curve 
available for 
Cambodia

2.70

4.2.5. Selected approach: hydrograph shapes

The JFlow hydraulic model requires a full flood hydrograph at each model inflow point rather than 
simply a peak flow.  The shape and duration of the hydrograph is a major influence on the volume of 
the flood, which in low-lying areas is expected to be a significant control on the extent of flooding.

A simple approach has been taken to create design flood hydrographs, averaging normalised observed 
flood hydrographs to create a characteristic hydrograph for a gauging station which can then be 
scaled to match the estimated peak flow for the return period of interest.  At each gauging station the 
hydrographs of the four highest floods on record were aligned to peak at the same time and plotted 
as a proportion of peak.  An illustration of the approach is provided below for Ban Kengdone.  



Enhancement of Basin-wide Flood Analysis and Additional Simulations under 
Climate Change for Impact Assessment and MASAP Preparation

37

A more sophisticated analysis might verify this approach by also carrying out a frequency analysis of 
annual maximum flood volumes, and/or consider the joint probability of peak flows and volumes, as 
has been carried out in some previous MRC flood reports.  Enhancement of Basin-wide Flood Analysis and Additional Simulations under 
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Figure 4-6 Hydrograph Shapes at Ban Kengdone 

 

The figure below compares characteristic flood hydrograph shapes at seven gauges on left bank 
tributaries of the Mekong.  The large catchment upstream of Ban Kengdone gives rise to a slow 
flood response, with floods persisting above 50% of the peak flow for around 12 days, as opposed 
to around 2.5 days for the upstream gauge at Sopnam.  Hydrographs at Ban Keng Kok are 
remarkably prolonged given the size of the catchment, which forms only 14% of the catchment 
gauged downstream at Ban Kengdone and are likely to be strongly influenced by the large 
wetland areas. 

 

 

Figure 4-7 Lao Tributary Hydrograph shapes 

 
An equivalent graph for gauges in the Mun-Chi basin is given below.  Flood hydrographs are more 
prolonged on this large catchment. 
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An equivalent graph for gauges in the Mun-Chi basin is given below.  Flood hydrographs are more 
prolonged on this large catchment.Enhancement of Basin-wide Flood Analysis and Additional Simulations under 
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Figure 4-8 Mun Chi Tributary Hydrograph shapes 

 
The table below records the gauges from which the design hydrograph shapes for the inflow 
points on each river were created.  In some cases it was necessary to transfer shapes to locations 
on catchments much smaller than, and/or different in other physical characteristics from that at the 
gauging station.  This is likely to have resulted in excessively prolonged hydrographs for some 
JFlow input points.  A more thorough analysis could examine the effect of catchment size on 
hydrograph duration, or else generate design flood hydrographs from the SWAT and IQQM 
models.   

 
Rivers Donor station for 

hydrograph shape 
Range of catchment 
areas for JFlow 
inflow points (km2) 

Catchment area 
of donor station 
(km2) 

Xe Bang Hieng and tributaries 
over 5000 km2 apart from Xe 
Champone and Xe Xangxoy 

Ban Kengdone 8000-14,500 19,400 

Xe Bang Hieng and tributaries 
under 5000 km2 apart from Xe 
Champone and Xe Xangxoy 

Sopnam 230-4500 4000 

Xe Champone and Xe Xangxoy – 
catchments over 1500 km2 

Ban Keng Kok 1600-5100 2640 

Xe Champone and Xe Xangxoy – 
catchments under 1500 km2 

Ban Phalane 170-1500 880 

Nam Mun upstream of Nam Chi – 
catchments over 10,000 km2 

Rasi Salai 14,000-53,000 45,000 

Nam Mun downsteam of Nam Chi Ubon 102,000-119,000 104,000 

Nam Chi – catchments over 
10,000 km2 

Yasothon 10,000-48,000 43,000 

Mun-Chi – tributaries under 10,000 
km2 

Average of shapes on four 
tributary gauges: Ban Huai 
Khayuong, Ban Tad Ton, Ban Na 
Thom and Ban Fang Phe 

260-9300 Range from 330 
to 3240 

Xe Done and tributaries Souvannah Khili 5-7000 5760 

Prek Te and tributaries Souvannah Khili (no gauge on the 
Prek Te) 

110-4100 5760 

Table 4-3 Donor Stations used for JFLOW inflow hydrograph calculation 
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The table below records the gauges from which the design hydrograph shapes for the inflow points on 
each river were created.  In some cases it was necessary to transfer shapes to locations on catchments 
much smaller than, and/or different in other physical characteristics from that at the gauging station.  
This is likely to have resulted in excessively prolonged hydrographs for some JFlow input points.  A 
more thorough analysis could examine the effect of catchment size on hydrograph duration, or else 
generate design flood hydrographs from the SWAT and IQQM models.  

Table 4 3 Donor Stations used for JFLOW inflow hydrograph calculation

Rivers Donor station for 
hydrograph shape

Range of catchment 
areas for JFlow inflow 
points (km2)

Catchment area of 
donor station (km2)

Xe Bang Hieng and 
tributaries over 5000 
km2 apart from Xe 
Champone and Xe 
Xangxoy

Ban Kengdone 8000-14,500 19,400

Xe Bang Hieng and 
tributaries under 5000 
km2 apart from Xe 
Champone and Xe 
Xangxoy

Sopnam 230-4500 4000

Xe Champone and Xe 
Xangxoy – catchments 
over 1500 km2

Ban Keng Kok 1600-5100 2640
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Xe Champone and Xe 
Xangxoy – catchments 
under 1500 km2

Ban Phalane 170-1500 880

Nam Mun upstream of 
Nam Chi – catchments 
over 10,000 km2

Rasi Salai 14,000-53,000 45,000

Nam Mun downsteam 
of Nam Chi

Ubon 102,000-119,000 104,000

Nam Chi – catchments 
over 10,000 km2

Yasothon 10,000-48,000 43,000

Mun-Chi – tributaries 
under 10,000 km2

Average of shapes on 
four tributary gauges: 
Ban Huai Khayuong, 
Ban Tad Ton, Ban Na 
Thom and Ban Fang 
Phe

260-9300 Range from 330 to 
3240

Xe Done and 
tributaries

Souvannah Khili 5-7000 5760

Prek Te and tributaries Souvannah Khili (no 
gauge on the Prek Te)

110-4100 5760

 3. Effects of climate change on flood frequency

The way in which the potential effects of climate change on river flows have been simulated is 
explained in MRC FMMP (2015) and MRC CCAI (2015).  The effect on peak flood flows is notoriously 
difficult to predict thanks to the multiple factors that influence flood flows, including the characteristics 
and timing of extreme rainfall and meteorological factors that affect evaporation.  In addition, the 
scenarios represent changes in development within the catchment, such as the construction of dams, 
in addition to climate change. 

The graph below compares simulated AMAX flows for the Se Bang Hieng at Ban Kengdone for the 
baseline period with the corresponding simulations for the 2060s under a middle emissions scenario 
(RCP 4.5), using outputs from three different global climate models (GCMs).  
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the characteristics and timing of extreme rainfall and meteorological factors that affect 
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scenario (RCP 4.5), using outputs from three different global climate models (GCMs).   

 

 

Figure 4-9 Simulated Baseline and Future Annual flood peaks 

 

The simulated AMAX flows  show an increase in the mean annual flood (QBAR) of  +8%, and +9% 
and -1%  for  GFDL, IPSL and GISS RCP4.5 respectively.  There is no clear sign of any consistent 
difference in the effects on large and small floods as the ratio of the largest flood to QBAR alters 
by 0%,  -4% and +8%  for GFDL, IPSL and GISS RCP4.5 respectively.  This change of around 10% in 
flood peak (for GFDL and ISPL RCP4.5 to 2060) is within the range found elsewhere and with 
further study of other locations in the basin could give a relatively simple factor for the relative 
changes in flood peaks to be expected that could be incorporated into planning guidance. 

4.3  Pilot Tributary Model Build 
The following steps are followed for each pilot area to create a 2D JFlow model and associated 
GIS output files. 

• Preparation of the GIS raster based Digital Elevation Model (DEM).  

• Preparation of the River Network and catchment areas. This is necessary to identify the 
inflows into the model and to ensure that the DEM accurately represents the modelled 
river network. Any available information about channel capacity will also be incorporated 
into the model. 

• Preparation of the Hydrological inflow points database using the analysis described in the 
previous section.  

The following catchments have been run for events covering the full range of major floods 
expected 1:50, 1:100, 1:100+30%, 1:100+50%: 

 Figure 4 9 Simulated Baseline and Future Annual flood peaks

The simulated AMAX flows  show an increase in the mean annual flood (QBAR) of  +8%, and +9% and 
-1%  for  GFDL, IPSL and GISS RCP4.5 respectively.  There is no clear sign of any consistent difference 
in the effects on large and small floods as the ratio of the largest flood to QBAR alters by 0%,  -4% 
and +8%  for GFDL, IPSL and GISS RCP4.5 respectively.  This change of around 10% in flood peak (for 
GFDL and ISPL RCP4.5 to 2060) is within the range found elsewhere and with further study of other 
locations in the basin could give a relatively simple factor for the relative changes in flood peaks to be 
expected that could be incorporated into planning guidance.

4.3. Pilot Tributary Model Build

The following steps are followed for each pilot area to create a 2D JFlow model and associated GIS 
output files.

•  Preparation of the GIS raster based Digital Elevation Model (DEM). 

•  Preparation of the River Network and catchment areas. This is necessary to identify the inflows 
into the model and to ensure that the DEM accurately represents the modelled river network. 
Any available information about channel capacity will also be incorporated into the model.

•  Preparation of the Hydrological inflow points database using the analysis described in the 
previous section. 
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The following catchments have been run for events covering the full range of major floods expected 
1:50, 1:100, 1:100+30%, 1:100+50%:

1.  Prek Te (Cambodia)

2.  Xe Ban Hieng (Lao) + Xe Champhone

3.  Xe Done (Lao PDR)

4.  Mun Chi

These have been combined into the overall composite flood mapping that is used for analysis and 
have been made available within the depth grids supplied to CCAI as listed in Appendix 2 but individual 
catchment results are shown in Figures 4.12 to Figure 4.20. 

4.4. Additional flood modelling using Grid Based Direct Rainfall/Runoff 
technique in Jflow

It is clear that due to the shortage of time for the project, to achieve a full basin-wide coverage an 
alternative more rapid approach would be needed.  Tests were therefore carried out on the recently 
developed direct rainfall runoff modelling where inputs to the hydrodynamic calculation is provided 
by a grid based runoff model using a standard USDA Curve number approach similar to the rapid 
runoff component used in SWAT.

By defining only a limited number of computation domains for which the extreme rainfall/depth/
frequency extreme values were known then a full basin coverage could be achieved in a lower time 
although it would be limited to a small number of return period runs and possible climate change 
scenario options that must be derived from the full ISIS modelling of the mainstream.

Figure 4 10 Rainfall Runoff/Jflow/ISIS Composite(left) compared with JFLOW only channel flood model (right) of Prek Te 
Cambodia 1:100 year outline

At a practical scale it is difficult to see the differences in flood outlines due to climate change.  The 
effects are significant though as will be seen from the further analysis carried out and described in 
subsequent sections. 
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Figure 4-11 Xe Done Jflow+ run results for 1:100 year design discharges 

 
 Figure 4 11 Xe Done Jflow+ run results for 1:100 year design discharges
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Figure 4-12 Xe Done and surrounding area composite 1:100 year flood map using Jflow tributary simulation, 
Jflow direct rainfall runoff simulation and ISIS probabilistic analysis Figure 4 12 Xe Done and surrounding area composite 1:100 year flood map using Jflow tributary simulation, Jflow direct 

rainfall runoff simulation and ISIS probabilistic analysisFigure 4 13 Xe Ban Hieng and Champhone Jflow+ run results for 
1:100 year design discharges
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Figure 4-13 Xe Ban Hieng and Champhone Jflow+ run results for 1:100 year design discharges 

Figure 4 13 Xe Ban Hieng and Champhone Jflow+ run results for 1:100 year design discharges
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Figure 4-14Xe Ban Hieng and Xe Champhone Composite 1:100 Year flood map 

 
  

 

Figure 4 14Xe Ban Hieng and Xe Champhone Composite 1:100 Year flood map
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Figure 4-15 Mun Chi Jflow 1:100 year Jflow+ flood outline (depth >0.5m) 

  Figure 4 15 Mun Chi Jflow 1:100 year Jflow+ flood outline (depth >0.5m)
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Figure 4-16 Mun Chi composite 1:100 year flood map 

  Figure 4 16 Mun Chi composite 1:100 year flood map
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Figure 4-17 Prek Te 1:100 year flood map by Jflow+ 
Figure 4 17 Prek Te 1:100 year flood map by Jflow+
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Figure 4-18 Prek Te Jflow+ 1:100 year Jflow+ flood map 

Figure 4 18 Prek Te Jflow+ 1:100 year Jflow+ flood map
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Figure 4-19 Prek Te Composite 1:100 year flood map 

  
Figure 4 19 Prek Te Composite 1:100 year flood map
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5. Analysis and Presentation of the Results of the Basin-
wide Flood Mapping 

5.1. Areas Modelled with ISIS only

The ISIS models were run for a full range of climate scenarios in 2030 and 2060 and in each case the 
results were extracted at all the nodes needed for flood mapping and analysed for return period areas 
and depths.  The results are summarised in Table 5.1 below.  It can be seen that the result does depend 
on the scenario selected but the extreme GFDL RCP8.5 case gives the highest change constant at 
around a 25% increase except for the regular flooding events of 1:2 or 1:5 year for which the change 
is higher. The more modest scenario RCP 4.5 suggests a change of around 15-17% in flooded area 
for both the IPSL and GFDL GCM modelled change in 2060. The change in 2030 is commensurately 
lower. The GISS model results show little change in flooded areas.
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the results were extracted at all the nodes needed for flood mapping and analysed for return 
period areas and depths.  The results are summarised in Table 5.1 below.  It can be seen that the 
result does depend on the scenario selected but the extreme GFDL RCP8.5 case gives the 
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around 15-17% in flooded area for both the IPSL and GFDL GCM modelled change in 2060. The 
change in 2030 is commensurately lower. The GISS model results show little change in flooded 
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Table 5-1 Percentage Change in total simulated flood area within hydrodynamic models for different return 
periods and Climate Change Scenarios 

Because the ISIS results are not basin-wide this change has not been broken down by BDP Sub 
Area but this is done for the composite modelling below. 

5.2 Basin-wide Composite Flood Mapping 
The composite basin-wide wide flood mapping is available for two scenarios equivalent to the 
IPSL RCP4.5 2060 and GFDL RCP 8.5 scenario at 1:100 year extent.  The spatial coverage 
however is much greater allowing the results to be processed into sub areas or country totals.  As 
shown below in Table 5.2 there is significant variation between sub areas though generally the 
Vietnam delta part (10V) suffers highly due to the combination of both increased upstream flows 
and sea level rise. It is likely that the change for 11V is an underestimate as the mapping for 11V 
was originally for a very limited area which has been rationalised for this study.   

There is also a high change in the uppermost sub areas 1L, 2L and 1T.  Nevertheless when 
summarising by country the greatest increase is predicted to occur in the Vietnam delta as shown 
in Table 5.3. 

The basin-wide scale of the modelling undertaken means that the level of uncertainty is relatively 
high, and this should be taken into consideration while examining these predictions. It is not 
possible to get the level of detail into such a large scale model in comparison to local area flood 
mapping, and as a result discrepancies are likely. 

 

Table 5 1 Percentage Change in total simulated flood area within hydrodynamic models for 
different return periods and Climate Change Scenarios

Because the ISIS results are not basin-wide this change has not been broken down by BDP Sub Area 
but this is done for the composite modelling below.

5.2. Basin-wide Composite Flood Mapping

The composite basin-wide wide flood mapping is available for two scenarios equivalent to the IPSL 
RCP4.5 2060 and GFDL RCP 8.5 scenario at 1:100 year extent.  The spatial coverage however is much 
greater allowing the results to be processed into sub areas or country totals.  As shown below in Table 
5.2 there is significant variation between sub areas though generally the Vietnam delta part (10V) 
suffers highly due to the combination of both increased upstream flows and sea level rise. It is likely 
that the change for 11V is an underestimate as the mapping for 11V was originally for a very limited area 
which has been rationalised for this study.  

There is also a high change in the uppermost sub areas 1L, 2L and 1T.  Nevertheless when summarising 
by country the greatest increase is predicted to occur in the Vietnam delta as shown in Table 5.3.
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The basin-wide scale of the modelling undertaken means that the level of uncertainty is relatively 
high, and this should be taken into consideration while examining these predictions. It is not possible 
to get the level of detail into such a large scale model in comparison to local area flood mapping, and 
as a result discrepancies are likely.

Table 5 2  Change in 1:100 year Flood Extent by Sub Area using composite of all models
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Table 5-3 Summary by Country of change in flood areas using composite model flood outline 

5.3  Climate Scenario impact on Number of People Directly Affected 
The flood outlines were intersected with the current population distribution based on analysis of 
the Landscan gridded data available at approximately a 1km cell size, downscaled to a regular 
200m grid.  Intersecting the flood areas at 1:100 year event for current and future flood condition 
an indication of the change in number of people affected is gained as shown in Table 5.4. 

 
Table 5-4 Change in Population within flooded areas >0.5m in 2060 at 1:100 year return period.  Population 
distribution assumed unchanged in 2060 and no adaptation 

 

It can be seen that as expected Vietnam is the most heavily impacted, however all four countries 
see significant increases.  If the increase is expressed as a percentage then Lao PDR sees the 
greatest increase as shown in Table 5.5. It must be noted that the climate impact section of the 
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The flood outlines were intersected with the current population distribution based on analysis of 
the Landscan gridded data available at approximately a 1km cell size, downscaled to a regular 
200m grid.  Intersecting the flood areas at 1:100 year event for current and future flood condition 
an indication of the change in number of people affected is gained as shown in Table 5.4. 

 
Table 5-4 Change in Population within flooded areas >0.5m in 2060 at 1:100 year return period.  Population 
distribution assumed unchanged in 2060 and no adaptation 

 

It can be seen that as expected Vietnam is the most heavily impacted, however all four countries 
see significant increases.  If the increase is expressed as a percentage then Lao PDR sees the 
greatest increase as shown in Table 5.5. It must be noted that the climate impact section of the 
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5.3. Climate Scenario impact on Number of People Directly Affected

The flood outlines were intersected with the current population distribution based on analysis of the 
Landscan gridded data available at approximately a 1km cell size, downscaled to a regular 200m grid.  
Intersecting the flood areas at 1:100 year event for current and future flood condition an indication of 
the change in number of people affected is gained as shown in Table 5.4.

Table 5 4 Change in Population within flooded areas >0.5m in 2060 at 1:100 year return 
period.  Population distribution assumed unchanged in 2060 and no adaptation
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Table 5-3 Summary by Country of change in flood areas using composite model flood outline 

5.3  Climate Scenario impact on Number of People Directly Affected 
The flood outlines were intersected with the current population distribution based on analysis of 
the Landscan gridded data available at approximately a 1km cell size, downscaled to a regular 
200m grid.  Intersecting the flood areas at 1:100 year event for current and future flood condition 
an indication of the change in number of people affected is gained as shown in Table 5.4. 

 
Table 5-4 Change in Population within flooded areas >0.5m in 2060 at 1:100 year return period.  Population 
distribution assumed unchanged in 2060 and no adaptation 

 

It can be seen that as expected Vietnam is the most heavily impacted, however all four countries 
see significant increases.  If the increase is expressed as a percentage then Lao PDR sees the 
greatest increase as shown in Table 5.5. It must be noted that the climate impact section of the 

It can be seen that as expected Vietnam is the most heavily impacted, however all four countries see 
significant increases.  If the increase is expressed as a percentage then Lao PDR sees the greatest 
increase as shown in Table 5.5. It must be noted that the climate impact section of the report contains 
the highest levels of uncertainty, as in addition to the inherent unpredictability of the climate, these 
models assume that the distribution of people remains the same, which is unlikely.

Table 5 5 Population within 1:100 year flood in 2060 for 2 Scenarios expressed as % 
Increase. As in Table 5.4 population increase/decrease or urbanisation is not taken into 
account in this analysis
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report contains the highest levels of uncertainty, as in addition to the inherent unpredictability of 
the climate, these models assume that the distribution of people remains the same, which is 
unlikely. 

 
Table 5-5 Population within 1:100 year flood in 2060 for 2 Scenarios expressed as % Increase. As in Table 5.4 
population increase/decrease or urbanisation is not taken into account in this analysis 
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6. Conclusions and Recommendations

6.1. Conclusions

The stage 1 of Basinwide Flood analysis has been completed using a combination of modelling 
techniques to give a full coverage of the Lower Mekong Basin. A large database of flood depth grids 
is available and can be used for the flood risk analysis at 200m resolution.  

The use of raster based flood analysis using JFLOW is new for MRC and is shown to provide appropriate 
flood outlines and flood depths providing the input flows are analysed beforehand and new formulae 
for calculating design floods on tributaries has been derived.  Where this more detailed point inflow 
analysis has not been carried out (as this study has demonstrated the technique for key tributaries but 
not provided a full basin coverage) then direct rainfall input to the raster based flood simulator can 
also produce a reasonable flood outline suitable for the initial analysis.

Raster based calculation tools have been developed and used with the above flood dataset to indicate 
population affected by flooding assuming a ‘static’ population.  This successful piloting of the flood 
analysis techniques demonstrates that the stage 2 analysis is a practical proposition to complete in 
a short period of time and a proposal has been submitted to CCAI to continue the work to stage 2.

Whilst there are uncertainties in all hydrological and flood studies and in particular due to the high 
range of change possible in precipitation with a changing climate, there are also uncertainties relating 
to calculation techniques and the data availability to complete a basinwide study in a short period.  
For flood mapping however the techniques used here are either based on full modelling using MRC’s 
DSF models or more novel techniques that have been used successfully elsewhere that have been 
shown give results comparable with more detailed modelling and appropriate for the range of change 
being considered.  

6.2. Implications for MASAP

The flood analysis work was intended to continue to the second stage to produce the metrics required 
for Basinwide Assessment.  However at this stage some conclusions can still be drawn out considering 
the projected increase in population affected by extreme floods as shown in Table 6.1. The populations 
affected are high with the base climate and the potential increase is also high especially for Lao and 
the Vietnam delta.  This indicates more adaptation for floods is needed especially to reduce the 
population affected and to increase the resilience of the economy to the shock of flood damage.

Table 6 1 Change in Population Affected by Extreme Floods and change with climate 
scenario
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6 Conclusions and Recommendations 

6.1 Conclusions 
The stage 1 of Basinwide Flood analysis has been completed using a combination of modelling 
techniques to give a full coverage of the Lower Mekong Basin. A large database of flood depth 
grids is available and can be used for the flood risk analysis at 200m resolution.   

The use of raster based flood analysis using JFLOW is new for MRC and is shown to provide 
appropriate flood outlines and flood depths providing the input flows are analysed beforehand 
and new formulae for calculating design floods on tributaries has been derived.  Where this more 
detailed point inflow analysis has not been carried out (as this study has demonstrated the 
technique for key tributaries but not provided a full basin coverage) then direct rainfall input to the 
raster based flood simulator can also produce a reasonable flood outline suitable for the initial 
analysis. 

Raster based calculation tools have been developed and used with the above flood dataset to 
indicate population affected by flooding assuming a ‘static’ population.  This successful piloting of 
the flood analysis techniques demonstrates that the stage 2 analysis is a practical proposition to 
complete in a short period of time and a proposal has been submitted to CCAI to continue the 
work to stage 2. 

Whilst there are uncertainties in all hydrological and flood studies and in particular due to the high 
range of change possible in precipitation with a changing climate, there are also uncertainties 
relating to calculation techniques and the data availability to complete a basinwide study in a 
short period.  For flood mapping however the techniques used here are either based on full 
modelling using MRC’s DSF models or more novel techniques that have been used successfully 
elsewhere that have been shown give results comparable with more detailed modelling and 
appropriate for the range of change being considered.   

6.2 Implications for MASAP 
The flood analysis work was intended to continue to the second stage to produce the metrics 
required for Basinwide Assessment.  However at this stage some conclusions can still be drawn 
out considering the projected increase in population affected by extreme floods as shown in 
Table 6.1. The populations affected are high with the base climate and the potential increase is 
also high especially for Lao and the Vietnam delta.  This indicates more adaptation for floods is 
needed especially to reduce the population affected and to increase the resilience of the 
economy to the shock of flood damage. 

 
Table 6-1 Change in Population Affected by Extreme Floods and change with climate scenario 

6.3 Recommendations  
It is recommended that the stage 2 of this study is completed so that future flood damages at 
different return periods can be identified and the change in frequency of flood damages is 
quantified to justify the significant resource for adaptation that would be suggested by the 
analysis so far. 

The use of the hydrodynamic models in a probabilistic way (rather than focusing on specific event 
years) is fundamental to the practice of flood risk management and the techniques and tools 
developed should be made available to member countries and integrated into future flood 
analysis. 

The use of raster based modelling has been demonstrated and its usefulness for calculation of 
flood outlines, flood depth and integration with impact assessment (in this case population 
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6.3. Recommendations 

It is recommended that the stage 2 of this study is completed so that future flood damages at different 
return periods can be identified and the change in frequency of flood damages is quantified to justify 
the significant resource for adaptation that would be suggested by the analysis so far.

The use of the hydrodynamic models in a probabilistic way (rather than focusing on specific event 
years) is fundamental to the practice of flood risk management and the techniques and tools developed 
should be made available to member countries and integrated into future flood analysis.

The use of raster based modelling has been demonstrated and its usefulness for calculation of flood 
outlines, flood depth and integration with impact assessment (in this case population affected) has 
been demonstrated successfully.  These techniques may also be further refined and improved using 
better grid resolution and better ground elevation data that may be available in countries.

The database of flood outlines and depths could also be used for other analyses and brought into the 
CCAI and MRC datasets made available for future use. 
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APPENDIX A
A.1 Calculation of Probabilistic Flood Outlines

A Python Script is used that reads the ISIS *.zzr file which should contain all points for the 
probabilistic analysis of water levels. This is processed and then a compatible isis zzr is 
created that can be read into the normal flood mapping package such as ISIS mapper or in 
Arcgis.

A.2 Required packages

The python code written to convert long term flow records into levels at particular return 
periods makes use of a number of python libraries and packages including specialist packages 
for maths and data analysis. 

•  Python 2.7

•  scipy

•  pandas

•  numpy

•  glob

•  lmoments

In order to run the script the packages will need to be installed on the relevant computer. The easiest 
way to obtain the relevant packages is by installing Anaconda. This is a free Python distribution that 
includes over 300 python packages for science, maths, engineering and data analysis.

•  https://www.continuum.io/why-anaconda

A.3 Install

Anaconda can be downloaded from the following link

•  https://www.continuum.io/downloads

The flood frequency code has been written using Python 2.7 so, if a Windows machine is being 
used, Anaconda for Windows Python 2.7 should be downloaded. The full install package is a fairly 
large download (354 MB). It is possible to download Minicoda instead and then add only the specific 
packages listed above. Alternatively if a Python install is already on the relevant machine the missing 
packages can be downloaded individual and registered.

Download the installer double click the .exe file and follow the instructions on the screen.
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Anaconda doesn’t include the lmoments library this needs to be downloaded separately from

•  https://pypi.python.org/pypi/lmoments/0.2.2#downloads

Note that Anaconda needs to be installed in the user profile of the machine. This can be achieved 
by running the Anaconda .exe and selecting “Install for current user only”. Check that Anaconda has 
been installed in the following location:

•  C:\Users\[xxxx]\Anaconda2

When installing L moments package make sure that the Anaconda install of Python 2.7 is selected if 
given the choice. If installing on a machine with ArcGIS it is likely that the default Python install will not 
be the Anaconda one.

Check lmoments has installed in this directory:

•  C:\Users\[xxxx]\Anaconda2\Lib\site-packages\lmoments

A.4 Python Script

The Python Script is supplied along with the flood outline database as an output of this project.
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APPENDIX B 
A.5 LIST OF FLOOD OUTLINE DATABASE Transferred to CCAI

A. Mainstream only Chiang Saen to Sea using ISIS models
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APPENDIX B  

A.5 LIST OF FLOOD OUTLINE DATABASE Transferred to CCAI 
 

A. Mainstream only Chiang Saen to Sea using ISIS models 

 

 

 

B Composite Basin-wide Flood Maps: 

Using ISIS long term simulation and probabilistic analysis of water levels at all points in model, 
JFLOW deterministic simulation of 1:100 year events in pilot tributaries and direct rainfall 
simulation elsewhere. 

1. Base Climate 1:100 year Flood 

2. Climate change RCP4.5 equivalent 2060 with 16% increase in extreme rainfall 

3. Climate change RCP8.5 equivalent 2060 with 25% increase in extreme 1: 100 year rainfall

Available depths grid and flood outlines
Mainstream Mekong from ISIS Models
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B.  Composite Basin-wide Flood Maps:

Using ISIS long term simulation and probabilistic analysis of water levels at all points in model, JFLOW 
deterministic simulation of 1:100 year events in pilot tributaries and direct rainfall simulation elsewhere.

1.  Base Climate 1:100 year Flood

2.  Climate change RCP4.5 equivalent 2060 with 16% increase in extreme rainfall

3.  Climate change RCP8.5 equivalent 2060 with 25% increase in extreme 1: 100 year rainfall
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