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EXECUTIVE SUMMARY 

Bangladesh is one of the most densely populated countries in the world, and is mostly 
situated on the delta of the Ganges – Brahmaputra – Meghna river basins. It is subject to 
floods in the monsoon season, often with 20 % and sometimes as much as 20 % of the 
country being flooded. In the dry season it suffers from water shortages, particularly in the 
northwest and the coastal regions. Since Bangladesh is mostly flat and low lying, there are 
no surface water storage options of any size.  

Groundwater is a key resource, particularly for irrigation in the dry season and for urban 
water supplies. There is over-pumping in some areas, particularly around Dhaka, and 
possibly in the northwest. In addition, some groundwater is naturally contaminated with 
arsenic, and some with salinity: both these problems are greatest in the south.  

Thus, Bangladesh has many and serious water problems now. They are likely to grown in the 
future with growing population and a growing economy, and with potential changes to supply 
with climate change, increased upstream water use and possibly also water quality 
problems. The growing population will demand extra water for drinking, but much more for 
irrigation to provide the extra food and changing diet (which is likely to shift to greater per 
capita consumption and a greater preference for animal protein). Agricultural production has 
grown considerably in recent decades. Much of the increase is due to a large increase in the 
use of groundwater for irrigating rice, and this is increasingly likely to place this resource 
under pressure.  

The Bangladesh Integrated Water Resources Assessment aims to develop an integrated 
water resources / socio-economic assessment to provide a national overview of the 
resource, and the impacts of development and climate change on both surface water and 
groundwater resources. It will assess the way impacts will affect the poor and vulnerable, 
and how the competing demand of various sectors such as agriculture, fisheries, industry 
and navigation, as well as urban and rural demand may be reconciled to promote economic 
growth, meet food security targets and improve the livelihoods of local people. 

The project will use existing surface and groundwater models to assess the water availability 
from river flow and surface water – groundwater interactions. A vertical flux model will be 
used to assess the likely groundwater recharge across the country. Evapotranspiration from 
crops and other vegetation will be assessed from remote sensing and vegetation water use 
modelling; these models will also give irrigation water requirements. These models will be 
calibrated against historical data, and then used to explore the likely trends in surface and 
groundwater under scenarios of climate change and greater demand for irrigation water use.  

The project will use the data generated by the water availability assessment to explore the 
impacts of changing availability on the national economy and on livelihoods. The impact on 
the economy will entail a macro level analysis using a computable general equilibrium model 
of Bangladesh: an existing model will be slightly modified for this purpose. The livelihoods 
impact assessment will in turn use the trends in national indicators (such as employment in 
different sectors), as well as changes to water availability. A livelihoods assets framework will 
be used to explore the impact of the changes on livelihoods.  

Many datasets, biophysical and socio-economic, many spatially explicit, are available in 
Bangladesh, and appear sufficient for the analysis. .  
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1. INTRODUCTION 

1.1. Background 

The AusAID-CSIRO Research for Development Alliance (‗the Alliance‘) aims to generate and 
provide research and policy synergies which can respond effectively to the high priority 
needs of partner nations. Climate change, increasing population and economic growth are 
expected to increase the demand for water resources in Bangladesh. In addition, the quantity 
and quality of its surface water and groundwater resources may also be negatively affected 
by climate change and economic development. There is a real risk of reduced access to safe 
drinking and irrigation water, and of induced contamination of groundwater by saline intrusion 
and ingress of polluted surface waters. Currently, there is no integrated assessment of water 
resources in Bangladesh or the interactions between water resources, their management 
and social and economic well being. Consequently, AusAID is currently reviewing its strategy 
of engagement in the water and sanitation sector in Bangladesh and is currently supporting 
water related initiatives like those under the HySaWa (Hygiene, Sanitation and Water) fund 
(http://www.hysawa.org/), initiated by DANIDA and the government of Bangladesh. An 
integrated assessment of the water resources will generate information which will help 
AusAID to develop effective strategies of engagement in the water sector of Bangladesh.  

The integrated assessment aims to provide information on the knowledge gaps identified in 
the National Water Management Plan (NWMP). It will identify opportunities for detailed 
studies to develop management plans for hotspots of conflicting demand or potential 
contamination, and it will enhance the capacity of local and national water institutions to deal 
with climate change and increasing demand for water resources.  

The Water Resources Planning Organization (WARPO), a government apex body in the 
water sector, is the macro-level planning organization for integrated water resources 
management to address the issues of water resources for its wise use and development. 
WARPO is responsible for the development and updating of the NWMP, and is a key 
collaborator in the project. With WARPO as a partner, it is expected that the project outputs 
will have direct and immediate impact on the NWMP, an update of which is currently being 
considered by WARPO. 

1.2. Aims and outcomes 

1.2.1. Aims  

The research, to be undertaken jointly by Commonwealth Scientific and Industrial Research 
Organization (CSIRO), WARPO, Bangladesh Water Development Board (BWDB), Institute of 
Water Modelling (IWM), Bangladesh Institute of Development Studies (BIDS) and Center for 
Environmental and Geographic Information Services (CEGIS), aims to develop an integrated 
water resources / socio-economic assessment to provide a national overview of the 
resource, and the impacts of development and climate change on both surface water and 
groundwater resources. It will assess the way impacts will affect the poor and vulnerable, 
and how the competing demand of various sectors such as agriculture, fisheries, industry 
and navigation, as well as urban and rural demand may be reconciled to promote economic 
growth, meet food security targets and improve the livelihoods of local people.  

The research will address current knowledge gaps in climate change impacts, groundwater 
resources at the national scale, and in the interaction between surface water and 
groundwater. The project aims to: 

1. Bring together hydrological, hydro-geological, socio-economic, climate change, social 
trend and other data in an integrating framework.  

2. Use the framework in (spatial) modelling to explore impact assessment for climate 
change and development scenarios. 

3. Communicate options for policy making that will underpin a more equitable and 
economically efficient use of Bangladesh‘s water resources for development. 
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1.2.2. Outcomes 

The project outcomes will be: 

1. The information generated on management options will help Bangladesh authorities 
develop policy responses to equitably and efficiently allocate and use water in the 
future. 

2. The identification of potential hotspots for future detailed local assessments. Hotspots 
will include where there is high risk of contamination by saline intrusion or polluted 
surface waters, and where there is high risk of lack of access to safe drinking water 
and irrigation water in rural areas. 

3. Capacity building in Bangladesh organisations on climate change impact 
assessment, groundwater assessment, and integrated water resources assessment. 

1.3. Scope and limitations 

The geographic scope of the project is the major connected aquifer systems of the deltaic 
plain in Bangladesh. Key groundwater areas outside the deltaic plain may also be 
considered. The project will provide an overview level assessment based primarily on 
existing data (many groundwater level data and local groundwater assessments already 
exist); it will not undertake new measurements, nor develop or run detailed groundwater 
models, nor undertake detailed local assessments. It is anticipated that one output of the 
work will be the identification of potential hotspots for detailed local assessments. Detailed 
management plans for development and use of the resource will also be outside the scope of 
the project. The project will assess the impact of projected climate change, but will make no 
separate assessment of climate change (it will not, for example, run dynamic downscaling 
models), but will simply take the broad range of projected impacts from the IPCC 4th 
Assessment report (IPCC, 2007). 

1.4. Purpose of this report 

This report aims to describe: 

1. the aims, methods, data requirements, and outcomes of the project;  

2. the scoping activities undertaken to date; and, 

3. the background to the project, including a preliminary assessment of water resources 
issues in Bangladesh, based on the literature and some early analysis of some 
datasets. 
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2. BANGLADESH – AN OVERVIEW 

2.1. Location 

Bangladesh, in full The People's Republic of Bangladesh, is bordered on the west, north, and 
east by India, on the southeast by Burma (Myanmar), and on the south by the Bay of Bengal 
(Figure 1). It is one of the largest deltas in the world with a total area of 147,570 km2. 
Bangladesh has a population of about 146.6 million (as of July 2009), making it one of the 
most densely populated countries in the world. Of the total area of Bangladesh, agricultural 
land makes up 65% of its geographic surface, forest lands account for almost 17%, while 
urban areas are 8% of the area. Water and other land use account for the remaining 10% 
(BBS, 2009). Some basic facts of Bangladesh are given in Box 1. 

 

Figure 2.1 Location of Bangladesh and its major river systems 
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Box 1: Bangladesh – some facts 

Area  
Population 
Annual population growth 
rate 
Main seasons 
 
Average rainfall 
Main crops 
 
Per capita Gross Domestic 
Product (GDP) 
GDP growth 
Irrigation area: 
Cropping intensity: 

47, 570 Km2  
146.6 million (as of July 2009) 
1.39 
 
Summer (March-May), Rainy season (June-
September), Winter (December-February) 
Varies from 1429 mm to 4338 mm 
Rice, jute, wheat, tobacco, vegetables, pulses and 
oilseeds 
621 US$ at current prices in 2008-09 
5.88% in 2008-09 
6.13 million ha (79% of the net cropped area, 
2007-08) 
179% (2007-08) 

 

2.2. Climate 

Bangladesh has a sub-tropical monsoonal climate. There are three main seasons in the year, 
namely winter (December – February), summer (March – May) and monsoon or rainy season 
(June – September). Mean annual temperature throughout the country is about 26°C but 
extreme temperatures range from 5°C to about 43°C (Ali, 2002). Bangladesh receives an 
annual average rainfall of 1,429 mm in the extreme west to 4,338 mm in the north-east (BBS, 
2009). The average overall annual rainfall is about 2,300 mm. About 81% of the rainfall 
occurs in the wet monsoon period (May – October). The mean monthly evaporation varies 
from a minimum of 51 mm in winter to a maximum of 183 mm in summer (Ali, 2002).  

2.3. River system 

Bangladesh lies within the broad alluvial delta formed by the confluence of the Ganges, 
Brahmaputra and Meghna (GBM) rivers. Bangladesh has a complex river network of about 
230 rivers, including 57 cross-boundary rivers. About 92.5% of the 1.75 million km2 of the 
combined basin area of the GBM Rivers is beyond the boundaries of Bangladesh and is 
located in China, Nepal, India and Bhutan (Figure 2.2). As such, Bangladesh acts as a 
drainage outlet for cross-border runoff (Mirza et al., 2003). The combined annual discharge 
of these rivers is about 40,000 m3/s and the combined peak discharge on the order of 
200,000 m3/s (Hoque, 1997). The total annual runoff of the surface water passing through 
Bangladesh is in the range of 1,200 to 1,500 billion m3. The sediment discharge is in the 
range of 1.2 to 1.7 billion tonnes which originates outside the country (Ali, 2002).  

The resulting huge volume of cross-border monsoon runoff, together with locally generated 
runoff and some physical factors, either singly or in combination, causes floods in 
Bangladesh. On average, about 20%, or about 3 million ha, of the country is flooded 
annually. In extreme cases, floods may inundate up to 70% of the country as was the case 
during the floods of 1988 and 1998 (Mirza et al., 2003). 

2.4. Agriculture and economy 

The economy of Bangladesh is primarily dependent on agriculture. The agricultural sector is 
the single largest contributor to income and employment generation and is vital to achieve 
self-sufficiency in food production, reduce rural poverty, and foster sustainable economic 
development. About 84% of the total population live in rural areas and are directly or 
indirectly engaged in a wide range of agricultural activities. The agricultural sector (including 
crops, livestock, forest and related services, and fishing) accounted for 16% of Gross 
Domestic Product (GDP), of which the crop subsector contributed 11.55% of GDP and was 
responsible for 72% of agricultural sector GDP in 2008-09 (BBS, 2009). Total employment in 
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Bangladesh is 47.4 million; of this total, 22.8 million or 48% of Bangladeshis are employed in 
agriculture, forestry and fisheries (BBS, 2009).  

 

Figure 2.2 The Ganges, the Brahmaputra and the Meghna River Basin  

2.5. A brief history of water resources development in Bangladesh  

Water resources development in Bangladesh began in 1957. Prior to the partition of the 
subcontinent in 1947 there was no national scale government-led water sector development 
in what is now Bangladesh. Following devastating floods in 1954 and 1955, a United Nations 
mission (Krug Mission) investigated the potential for water resources development in the 
then East Pakistan. The mission mainly focused on the flood control policy rather than 
broader water resources management. The real beginning of water sector planning and 
development was marked by the 1964 completion of a 20-year Water Master Plan, prepared 
by EPWAPDA (East Pakistan Water and Power Development Authority). The Master Plan 
focused on agricultural development and irrigation along with the implementation of flood 
control and drainage (FCD) and flood control, drainage, and irrigation (FCDI) projects.  

After independence in 1971, The International Bank for Reconstruction and Development 
(IBRD) undertook a study and published its findings in the IBRD Land and Water Sector 
Study report in 1972. The study emphasised agricultural development rather than on flood 
control and encouraged the development of small irrigation schemes through low lift pumps 
(LLPs) and shallow tubewells (STWs). Since then, there has been a large increase in the 
number of STWs. By the early eighties, the pressures of a burgeoning population and 
expanding agricultural and industrial sectors had brought about the recognition of the need 
for long-term comprehensive water resources planning. In 1983 a government agency, 
Master Plan Organization (MPO), was created and entrusted with the task of drafting the first 
National Water Plan (NWP). Phase I and Phase II of the project were completed in 1987 and 
1991, respectively. The Plan emphasized the balanced allocation of water between various 
users, though it gave the agricultural sector the highest priority and encouraged groundwater 
development. 

During the second phase of the NWP, Bangladesh experienced two severe floods in 1987 
and 1988, the latter of which was the worst in living memory. Following these devastating 
floods, a number of studies on flood-related issues were carried out, and led to the Flood 
Control Action Plan (FAP), undertaken with financial support from donor countries. The need 
for round-the-year water management was recognized when the results of the ongoing 
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regional and other supporting studies under FAP became available. Based on the works of 
FAP and earlier NWP-I and II, the Government of Bangladesh (GoB) prepared a Bangladesh 
Water and Flood Management Strategy and proposed the development of a National Water 
Management Plan (NWMP). The drafting of the NWMP was initiated in 1998 and completed 
in 2001. The NWMP was scheduled to be updated every five years, however, no update has 
been produced yet. 

2.6. Major water related challenges  

Water resources are under great stress in Bangladesh, with floods in the monsoon season, a 
shortage of surface water in the dry season, natural arsenic contamination of shallow 
groundwater, salinisation of both surface and groundwater in the coastal zone, the ingress of 
pollution in surface water, and increasing difficulties in meeting demand in many urban 
centres. The increasing population and economic development in Bangladesh will increase 
demand and competition for water resources, exacerbating an already difficult position. To 
add to the difficulties, changes in water quality and quantity are also expected as a 
consequence of projected climate change. As a consequence, there is real risk of supply 
shortages of safe drinking and irrigation water as well as in meeting growing industrial 
demandHence, water resources management in Bangladesh faces immense challenge for 
resolving many diverse problems and issues. 

Life in riverine Bangladesh is based on water. It sustains an extremely fragile natural 
environment and provides livelihoods for millions of people. Agricultural production is the 
mainstay of the rural population‘s livelihoods system, and therefore its people‘s livelihoods 
are still inextricably linked to the nation‘s water cycle. Both surface water and groundwater 
are now precious resources for the nation and call urgently for its sustainable development. 
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3. LITERATURE REVIEW 

3.1. Climate projection and impacts 

Probably the most pioneering works in Bangladesh to address climate change is that of 
Warwick and Ahmad (1996), ‗The implication of climate change and sea-level change for 
Bangladesh‘. The book presents the results of a national assessment of the possible effects 
of climate change and sea level rise on the environment and society of Bangladesh. What is 
known and not known about the possible effects on natural resources and socio-economic 
systems, including the legal implications and the special problems of the low-lying coastal 
region is explored. Key research steps and policy directions for reducing future vulnerability 
are identified and discussed. However, little emphasis is placed on building community 
resilience and adaptibility (Islam and Neelim, 2010).  

World Bank (2001) also identifies climate change induced problems for coastal and 
freshwater resources, agriculture, human health, ecosystems and biodiversity. A brief 
overview of how one can think about adaptation to climate change is provided, identifying 
four key risks (critical impacts) to achieving sustainable development. The report presents a 
classification of adaptation measures and develops a framework for their identification and 
assessment. Socioeconomic causes of vulnerability to climate change, such as level of 
development are explored and how different development pathways may affect the country‘s 
ability to cope with climate change are examined.  

Significant uncertainties exist around climate change impacts on precipitation for 
Bangladesh. The Climate Change Cell (CCC) has undertaken major works on local level 
changes on climate. CCC (2009a) analysed long-term changes and trends in climatic 
variables, such as rainfall, temperature, sunshine duration and evaporation using data from 
the Bangladesh Meteorological Department (BMD) and the Bangladesh Water Development 
Board (BWDB). Considering Bangladesh as a whole, historical trends in seasonal rainfall 
totals are about 9 mm, 38 mm, -10 mm and 18 mm per decade (10 years) in the winter 
(November – February), summer (March –May), monsoon (June – October) and critical 
period (11 March-10 may), respectively. It thus appears that the seasonal rainfall 
hasgenerally increased except in the monsoon season. These findings are consistent with 
the findings of Mondal and Wasimi (2004) who analysed the seasonal rainfall data of the 
Ganges basin within Bangladesh and Rahman et al. (1997) who analysed monsoon rainfall 
data at 12 stations in Bangladesh and found no conclusive evidence of any changing pattern 
of monsoon rainfall. The findings are also consistent with the findings of Singh and Sontakke 
(2002) who detected no statistically significant change in monsoon rainfall over central and 
eastern Indo-Gangetic plain.  

Mirza et al. (1998) analysed long-term annual precipitation records of meteorological sub-
divisions of the Ganges, Brahmaputra and Meghna river basins and also found no significant 
change in rainfall with slight exceptions in a few meteorological sub divisions. Islam and 
Neelim (2010) assessed the properties of temperature and rainfall data of the last fifty years 
for different weather stations in Bangladesh. They found that uncertainties and extreme 
events are natural features of Bangladesh‘s climatic system where seasons are 
characteristically distinct. There is no significant historical change in the amount of rainfall 
and no apparent pattern of seasonal shift.  

However, the aforementioned findings are not consistent with the Intergovernmental Panel 
on Climate Change‘s (IPCC, 2007) projections for winter and monsoon rainfalls. The IPCC 
has projected a decrease in winter rainfall and an increase in monsoon rainfall which is the 
reverse of the current trend. It is to be noted that the IPCC projection is for all of South Asia 
and not for Bangladesh alone (CCC 2009a). A recent study by Yu et al. (2010) projected an 
increase in precipitation by the 2050s, annually and in the wet season. Median annual 
precipitation increases were estimated as 1%, 4% and 7.4% by 2030, 2050 and 2080, 
respectively (Yu, et al., 2010). 
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CCC (2009b) employed PRECIS (Providing REgional Climates for Impacts Studies) regional 
climate modelling systems to generate projections for rainfall and temperature in 2030, 2031, 
2050, 2051, 2070 and 2071 in Bangladesh using ECHAM4 SRES A2 emission scenarios as 
the model input. The model used data from 31 weather stations in Bangladesh and provided 
outputs in a 50km x 50km grid format. The projection suggests that rainfall during monsoon 
and post monsoon periods will increase whereas it will remain close to historical amount 
during dry season.  

CCC‘s modelling results with PRECIS project that the monthly average maximum 
temperature will change from -1.2 to 4.7 °C in 2030, from - 1.2 to 2.5 °C in 2050 and from -
1.2 to 3.0 °C in 2070. Maximum temperatures will increase during the monsoon season and 
will decrease in other season. Annual and seasonal mean temperatures show generally 
increasing trends in Bangladesh which are closer to the IPCC projection (CCC 2009a). Islam 
and Neelim (2010) also show that temperature has slightly increased at almost all the 
stations for summer and winter. The increase in winter temperature, especially the winter 
minimum, increases more compared to summer temperatures. Yu et al. (2010) estimated 
positive temperature trends for all months and seasons from the 2030s onwards; specifically, 
a 1.1°C, 1.6°C and 2.6°C warming by 2030, 2050 and 2080, respectively (Yu, et al., 2010). 
These projections are consistent with an earlier study estimating an average increase of 
1.3°C by 2030 and 2.6°C by 2075 (Huq, 1999). 

Islam and Neelim (2010) present an analysis of historical rainfall. Rainfall data from about 30 
stations going back for about 60 years characterise the data sets reviewed. The pertinent 
conclusions regarding rainfall trends (Islam and Neelim, 2010) are: 

 No change in the arrival or departure times of the monsoon was detected. 

 Rainfall variability (departures from the mean) may be more important than shifts in 
the mean due to climate change 

 No definitive evidence was found indicating any significant shift in the pattern of 
monsoon rainfall in Bangladesh. 

Table 3.1 from Islam and Neelim (2010) summarises the comparative assessments of rainfall 
change over the next 20 to 40 years and shows that the local scale (Bangladesh) model 
predictions do not predict a significant change in rainfall in Bangladesh over the next 40 
years. The NWMP (WARPO 2001) states that impacts of climate change resulting from 
global warming are of great importance to Bangladesh. In broad terms, NWMP 2001 
concludes that evaporation to precipitation ratios are expected to rise progressively, 
prompting an increase in irrigation water requirements unless offset by diversification 
towards dry-foot crops. Furthermore the NWMP claims that: assessments using climate 
change models indicate changes in rainfall and evapotranspiration occurring progressively 
over the next 50 years. Indications are that the dry season will become significantly drier with 
a noticeable increase in crop water requirements. By year 2050, this increase may be as 
much as 25% above current requirements. This view is in contrast to the analysis of Islam 
and Neelim (2010).  

Table 3.1 Comparative assessment of rainfall change model predictions for Bangladesh 
(source: Islam and Neelim, 2010) 
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The Climate Change Strategy and Action Plan (MoEF, 2008) (not a technical document) for 
Bangladesh suggests the following in relation to rainfall: 

 heavier and more erratic rainfall: in the Ganges-Brahmaputra-Meghna system, 
including Bangladesh, during the monsoon resulting in:  

 higher river flows, causing over-topping and breaching of embankments and 
widespread flooding in rural and urban areas 

 river bank erosion resulting in loss of homes and agricultural land to the rivers; 

 lower and more erratic rainfall, resulting in increasing droughts, especially in drier 
northern and western regions of the country; 

 Finally (Khan, 2011) indicates that the median predictions from GCM models are for 
warming of 1.550C and an increase in precipitation of 4% by 2050. 

 
Flooding due to tropical cyclones is one of the most devastating natural hazards in 
Bangladesh. The coastal region of Bangladesh is particularly vulnerable to cyclonic storm 
surge floods and is likely to be affected by more intense cyclonic events in the foreseeable 
future due to climate change and sea level rise (Karim and Mimura, 2008). Various studies 
(e.g. IWM, 2005; Azam et al., 2004; Madsen and Jakobsen, 2004) predicted storm surges 
and associated flooding along the coast due to direct overtopping of the surge wave over the 
coastline. However, impacts of climate change and sea-level rise (SLR) were not considered 
in those studies. Studies of coastal flooding under climate change conditions are still limited.  

Among the few studies, Ali (2000) predicted storm surges along the coast of Bangladesh for 
several climate scenarios but flooding was not investigated. Karim and Mimura (2008) 
describe the impacts of sea surface temperature (SST) rise and SLR on cyclonic storm surge 
flooding in western Bangladesh. They showed that for a storm surge under 2°C SST rise and 
0.3m SLR, the flood risk area would be 15.3% greater than present; the depth of flooding 
could increase by as much as 22.7% within 20km from the coastline. Mohal et al. (2006) 
estimates that about 11% more land will be permanently inundated over the next century. 
The Sundarbans, the internationally recognized Ramsar site, will be lost due to high salinity 
and permanent inundation from projected sea level rise by 2100. An increase of wind speed 
over 10% of the 1991 severe cyclone will increase the storm surge level by 1.7 m along the 
eastern coast of Bangladesh. A study by the Institute of Water Modelling and the Center for 
Environmental and Geographic Information Systems  (IWM and CEGIS, 2007) indicates that 
under an extreme sea level rise of 67 cm, flooded areas could increase by up to 10%. Huq 
(1999) found that 5.8 km² of agricultural land could be eroded by 2030 and over 11 km² by 
2075. 

Changes in the transboundary flow of major rivers and resulting changes in inland flooding 
were investigated by IWM in a recent study ―Support to National Flood Forecasting and 
Warning Services‖ under a Danida supported Climate Change Adaptation (CCA) and 
Disaster Risk reduction (DRR) program. As around 92% area of the GBM basin lies outside 
Bangladesh, the hydro-meteorology of the GBM area has great influence on the water 
resources of Bangladesh. To investigate the regional hydrology, the Ganges-Brahmaputra-
Meghna (GBM) model has been developed and updated using the Danish hydraulic 
Institute‘s (DHI) MIKE BASIN software of. The model is capable of generating the 
transboundary flows resulting from precipitation in the GBM basins; temperature is also an 
input of the model to incorporate the impacts of snow melting.  

The IWM study investigated the probable impacts of climate change in flood and dry season 
flow in major rivers in Bangladesh utilizing the GBM basin model and IPCC predictions for 
the region. Using the delta-change method (in which historical records are scaled using 
climate change projections from general circulation models, to produce projected climate 
sequences for a climate change scenario), the IWM estimated the impact of climate change 
over the GBM basin on inflow to Bangladesh. Probable climate change impacts on peak 
discharge were estimated as 5% for the Brahmaputra and 10% for the Ganges in 2080, as 
per predictions of 4th IPCC. Due to increased flow and precipitation in the future, the flooded 
area is projected to increase by 6-7%, but severely flooded areas may increase by more than 
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20%. The study also identifies climate change impacts on some of the major flood 
management projects situated in the central and south-central parts of the country.  

Mirza et al. (2003) assessed possible changes in the magnitude, extent and depth of floods 
of the Ganges, Brahmaputra and Meghna (GBM) rivers in Bangladesh using a sequence of 
empirical models and the MIKE11-GIS hydrodynamic model. Climate change scenarios were 
constructed from the results of four General Circulation Models (GCMs) - CSIRO9, UKTR, 
GFDL and LLNL, which demonstrate a range of uncertainties. Changes in magnitude, depth 
and extent of flood discharge vary considerably between the GCMs. However, future 
changes in the peak discharge of the Ganges River are expected to be higher than those for 
the Brahmaputra River. Peak discharge of the Meghna River may also increase 
considerably. As a result, significant changes in the spatial extent and depths of inundation in 
Bangladesh may occur. 

The IWM study also investigated the results of 5 GCMs for two future scenarios. There is 
spatial and temporal variations in the changes of monthly average temperature and rainfall in 
2050 compared to the base condition. The increase in temperature varies in the range of 0.8 
to 1.8° C with an average increase of 1.3° C in 2050 compared to the baseline in the GBM 
basins. There are large uncertainties in future rainfall predictions from model to model, with 
greater variations in the dry season than the monsoon season. Few models predict a 
decrease in monsoonal rainfall while most models predict an increase. On average, a 7-8% 
increase in rainfall can be expected during the monsoon season for the Brahmaputra basin 
based on model results.  

Bangladesh is considered to be one of the most vulnerable countries to climate change in the 
world, with impacts ranging from increased frequency and intensity of cyclones and sea level 
rise threatening coastal areas (Ali, 2000; Mohal et al., 2006; Dasgupta et al., 2010), to 
increased discharge and floods in the GBM river basins, increased monsoonal precipitation 
and decreased dry season precipitation with significant implications for cropping and other 
agricultural activities (Mirza et al., 2003). Agrawala et al. (2003) point out that climate these 
change impacts exacerbate the stresses that already pose impediments to economic 
development.  

Notwithstanding these general understandings, climate change modelling in the Himalaya 
region is uncertain at present, with the IPCC 4th Assessment Report stating that ―quantitative 
estimates of projected precipitation change are difficult to obtain‖ (IPCC 4th Assessment 
Report, Working Group 1, Chapter 8, p 879), and the impact on changes to flows in the GBM 
river basins is uncertain. The Bangladesh national climate change strategy and action plan 
includes sea level rise studies, and macroeconomic and sectoral impacts as key areas for 
further studies (MoEF, 2008); it also notes that the sectoral impacts studies should 
distinguish the impact on women and children, as they are likely to be more adversely 
impacted than men. Likewise, in the National Water Management Plan, one of the seven key 
knowledge gaps is climate change and developing appropriate responses (Water Resources 
Planning Organization, 2001).  

Overall, therefore, climate change is an important factor to assess as part of the study. 
However, given that climate change projections are uncertain, and that the study neither will 
nor should undertake fundamental research into climate change modelling, we will undertake 
some limited downscaling using simple and well tested methods, as described in section 
3.4a.  

Annual (monsoon) floods are also an important consideration in this study. The experience of 
floods has led to advanced surface water modelling and flood warning systems (Paudyal, 
2002), to the formulation of the National Water Management Plan (WARPO, 2001) and to the 
development of hydrodynamic flood models (Tingsanchali and Karim, 2005) which are also 
applied to climate change impact studies (eg. Mirza et al., 2003). For the current project, 
these tools will be used (section 3.4a), with perhaps some updating to better simulate low 
season flows.  
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3.2. Surface water assessment  

Surface water assessment was done for the plans described above in section 2.5 using 
different models. First a water balance model was used to assist in the preparation of NWP-I. 
Then hydro-dynamic models for the simulation of flows in the rivers and floodplains were 
introduced with the first phase of Surface Water Simulation Modelling Program (SWSMP). 
Since then a number of purpose-built national, regional and sub-regional models have been 
developed based on MIKE-11, MIKE-21, MIKE-SHE, etc. They are maintained and updated 
by IWM and are used extensively for real-time flood forecasting.  

3.3. Groundwater assessment 

In recent decades, the development of agriculture in the dry season has relied particularly on 
the use of groundwater from shallow tube wells. In the northwest region, about 75% of 
irrigation water comes from groundwater, mainly shallow tube wells, and the proportion from 
groundwater has increased greatly in recent years (Shahid and Hazarika, 2010). With 
groundwater levels in decline, there are fears of overexploitation (Shahid and Hazarika, 
2010). Shamsudduha et al (2009) analysed groundwater level data in relation to seasonal 
recharge and abstraction, identifying the effect of groundwater overuse in regions such as 
the northwest and also around Dhaka, together with rising trends in the coastal zone. 
Importantly, the focus of such research is on the link between groundwater (over)use and 
agricultural production. Shamsudduha et al (2009) also indicates a high level of groundwater 
database construction and management, which are critical in groundwater resource 
management. 

Rahman and Ravenscroft (2003) provide a useful snapshot of the state-of-play concerning 
hydrogeology and groundwater resources in Bangladesh. The chapters present the 
groundwater landscape reflecting the state of knowledge achieved from 1980 to 2000. 
Accordingly, the content tends to present Bangladeshi hydrogeology as a conventional 
hydrogeological assessment, with its approach strongly drawn from UK civil engineering and 
consulting perspectives. Lacking are overarching interpretations of the state of groundwater 
resources in Bangladesh and in particular their integration with knowledge of surface water 
resources and groundwater-surface water interactions. Useful quantitative regional 
groundwater balance estimates based on contemporary regional recharge estimates are 
lacking and quantitative numerical modelling as a tool for regional groundwater resource 
management are also absent. However, Michael and Voss (2009a) used an advanced 
numerical model (MODFLOW) to estimate regional groundwater flow in Bengal and 
Bangladesh.  

Groundwater has been extensively studied in Bangladesh in relation to the arsenic problem 
(Rahman and Ravenscroft, 2003). Many of the studies are directed to determining the cause 
of arsenic pollution: Harvey et al. (2006) suggest that both abstraction for and drainage from 
irrigation has greatly changed the near surface water dynamics, leading to the mobilisation of 
arsenic. Michael and Voss (2009b) also conclude that irrigation groundwater use and 
drainage has substantially changed shallow groundwater budgets and flow paths from pre-
development conditions. Deep wells draw water from below arsenic contaminated layers and 
may be sustainable as arsenic free water sources, provided use is limited to domestic uses 
(Michael and Voss, 2008). However, contamination of deeper aquifers is likely with greater 
use that includes irrigation (Michael and Voss, 2008, Burgess et al., 2010). The availability of 
good quality groundwater for use is one of the knowledge gaps identified in the NWMP. 

Bringing the various strands of groundwater knowledge together into an integrated study 
reveals some outstanding issues. In the National Water Management Plan, an overall 
country-wide assessment of useable recharge is given (WARPO, 2001), but is considered to 
have several limitations in the analysis. A later report questions the water balance results, 
and calls for an updated water balance in an updated national water plan (Asian 
Development Bank and WARPO, 2009, p 11). An estimate of the overall water balance and 
recharge is part of our aim in section 3.4b. The issue of the sustainability of deep pumping, in 
relation to sectoral demand growth (i.e. whether deep pumping can be limited to domestic 
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use to prevent arsenic contamination, and how much domestic demand will grow anyway) 
must be carefully analysed: this issue is captured by our integrated approach. Arsenic 
contamination is also one of the key knowledge gaps identified in the National Water 
Management Plan. 

3.3.1. Groundwater and food production 

Shamsudduha et al (2009) reveal that from 1979 to 2003, groundwater-fed irrigation (Figure 
3.1) for dry season rice cultivation (Boro) in Bangladesh increased by approximately 875 
million cubic meters (MCM) each year (BADC, 2003), elevating annual rice production from 
11.9 million tonnes (Mt) in 1975 to 29.0 Mt in 2007–2008 (Figure 3.2). The increase in 
production is due to the increase in Boro crop in the dry season as shown in Figure 3.3. 

 

Figure 3.1 Area irrigated by different methods 

  

 

Figure 3.2 Historical production of rice 
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Figure 3.3 Historical irrigated area under different crops 

3.3.2. Groundwater and climate change 

As discussed in section 3.2, climate change projections, while uncertain, are generally for 
modest increases in rainfall during the monsoon and post monsoon, and little change in 
during the dry season. There is a widely held assumption, discussed in Shamsuddha et al 
(2009) that groundwater is fully recharged every monsoon. If this is true, then an increase in 
monsoon rainfall or river heights during high flows will result in no further recharge. On the 
other hand, Shamsuddha et al. show that there may be declining water tables in some parts 
of the country, particularly in the northwest and around Dhaka. The decline in the northwest, 
if indeed it is true, involves shallow, unconfined aquifers. An increase in monsoon rainfall or 
river heights may, under such conditions, lead to an increase in recharge. The falling water 
table under Dhaka involves deeper and probably confined or semi-confined aquifers with 
limited leakage from overlying layers, and increased rainfall may not lead to increased 
recharge.  

At present, therefore, the likely impact of climate change on groundwater and groundwater 
recharge is uncertain. It is one of the focuses of the present study, and the proposed study 
methods will be described in section 4.3 below. 

3.4. Water quality 

Both the surface and groundwater resources are extremely fragile in terms of its quality. 
Surface and groundwater quality exhibits both seasonal and spatial patterns; generally water 
quality degrades from wet to dry season and spatially from the north to south and south-
western parts of Bangladesh. 

The quality of surface water is generally satisfactory in rural areas though there are local 
hotspots. However, in urban and industrial areas, particularly around Dhaka and Chittagong, 
water quality poses a serious concern. The major causes of water pollution are related to 
land based activities, which can be categorised in following groups: industrial effluent, 
agrochemical, faecal pollution, and oil and lube spillage. Since the rivers are frequently used 
as dumps, overall inland surface water quality drops below the permissible limit of 
Department of Environment (DoE) standards in the dry season whereas it improves in 
wet/monsoon seasons. Because of these quality concerns, river water in the vicinity of 
Dhaka city is not suitable for domestic use. In the coastal areas especially in south-west, 
salinity intrusion poses a serious challenge to sustain dry season agricultural production 
(Chowdhury, 2010).  

Due to high spatial and temporal variability in surface water availability and quality, 
groundwater is increasingly used to meet domestic, industrial and irrigation demands. 
Groundwater is less prone to pollution than surface water and therefore previously 
considered good. The most important quality concern is arsenic (Khan and Siddique, 2000), 
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but iron and manganese, bacterial contamination and nitrate, and other trace metals also 
poses serious challenges in different parts of Bangladesh. A BGS and DPHE (2001) 
investigation conducted during 1998-1999 reveals that the greatest arsenic contamination is 
in the south and south-east of the country and the least contamination in the north-west and 
in the uplifted areas of north-central Bangladesh. However, there are occasional hotspots in 
low arsenic-contaminated areas in northern Bangladesh, which makes it difficult or rather 
impossible to predict the arsenic contamination. The broad Arsenic contamination patterns 
(smoothed data at 5 km grid) are presented in Figure 3.4 to highlight the main trend.  

 

Figure 3.4 Smoothed map of arsenic concentrations in groundwater from Bangladesh 
(Source: BGS and DPHE, 2001). 

3.5. Landuse, irrigation and water demand estimation 

Bangladesh comprises mainly floodplains (80% of total land area), with terraces (slightly 
uplifted fault blocks) and hills accounting for the remaining 8% and 12%, respectively. The 
floodplains are intensively used for agricultural activities in three cropping seasons i.e. pre-
monsoon (Kharif-I_or pre-monsoon), monsoon (Kharif-II) and winter (Rabi or dry) season. 
Rice and jute are the primary crops but other crops like including wheat, sugarcane, maize, 
pulses, oilseeds, and vegetables are also grown. 

About 80 % of the total cultivatable land area is under rice. In Bangladesh, three separate 
rice crops are recognized: Aus (rainfed), Aman (rainfed) and Boro (irrigated). The Aus 
season rice is vulnerable to flood, and there has been a shift from this high risk crop to lower 
risk crops with Aus slowly replaced by Boro (Figure 3.5). Currently Boro, which is mostly 
dependent on groundwater irrigation, contributes more than 60% of total rice production 
(BBS, 2009) due to its higher yield (Figure 3.6). Karim et al. (1990) suggested that Aus and 
Aman rice, and a high valued Rabi crop is a highly water efficient cropping pattern in the 
highlands; this cropping system has the potential to reduce the dependency on Boro rice 
production and hence on groundwater abstraction. Aman contributes 32% to the total rice 
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production, though an almost equal area is used for both Aman and Boro cultivation. 
Farmers traditionally do not irrigate Aman rice. As a result, it frequently suffers from water 
stress due to periodic in-season drought, which decreases yield as well as the total rice 
production of the country. Aman yields can be increased by reducing water stress with 
supplementary irrigation (Karim, 2009).  

 

Figure 3.5 Trend of rice crop cutivation between 1971-72 and 2007-08 

 

 

Figure 3.6 Yield trend of different rice crops 

Time-series cropping data is collected and collated by the Bangladesh Bureau of Statistics 
(BBS). The Bangladesh Space Research and Remote Sensing Organization (SPARRSO) 
also surveys and monitors agricultural crops using remote sensing to provide yield forecasts 
for major crops. SPARRSO provides crop maps and acreage estimates by analysing NOAA 
AVHRR imagery to the Ministry of Food and Agriculture in support of their Early Warning and 
Food Monitoring System.  

CEGIS has developed an Agriculture Resource Information System (ARIS) which provides 
information on crop suitability, patterns of food production and demand, surface and 
groundwater irrigation equipment, and soil physical properties. The Soil and Land Resource 
Information System (SOLARIS), another GIS-based information system developed by 
CEGIS, integrates land, crop, soil, nutrient and climate information to map different geo-
physical features of the country at the district and sub-district level. The time series 
information from BBS, SPARRSO and NWMPP 2000 along with CEGIS SOLARIS will 
provide the required land use information for this project.  

Remote sensing methods are used to estimate evapotranspiration (ETa) directly in 
considerable spatial detail across river basins or large irrigation systems (Bastiaanssen et al. 
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2002; Ahmad et al. 2009), and hence estimate irrigation/water use including groundwater use 
for agriculture (Scott et al., 2003; Ahmad et al. 2005). Shahid (2010) applied a combination of 
remote sensing and crop water use modelling techniques to assess groundwater demand in 
northwest Bangladesh. Adham et al. (2010) used remote sensing and GIS classification of 
potential recharge zones to assess the overall recharge potential in the same region. In the 
NWMP, seasonal reference crop evapotranspiration (ET0) is estimated (Allen et al. 1998) 
using the meteorological data from 31 locations. Point values were then interpolated to 
prepare season ET0 maps for Bangladesh. The NWMP ET0 is considered to be more 
accurate and about 17% less than the earlier ET0 estimates. CEGIS has developed a 
computational framework for Drought Assessment (DRAS), to estimate net irrigation water 
requirements for different soils and crops, yield reduction of crops due to drought and provide 
information on surface and groundwater availability.  

We are unaware of crop evapotranspiration (ETc) and ETa assessments for the whole 
country. We aim to use a combination of secondary and remote sensing datasets/techniques 
to provide estimates of seasonal spatial crop water use maps for Bangladesh. 

3.6. Social and economic impacts of climate and development – the 
policy context 

Water is instrumental in the performance of a number of economic sectors in Bangladesh, 
including agriculture, fisheries, industry, navigation and health. This is recognised in the 
National Water Management Plan (WARPO, 2001 in a set of objectives and investment 
plans by region for sub-sectors including: main rivers, towns and rural areas, major cities, 
agriculture, environment and aquatic resources and for Institutional development. In contrast 
to earlier 1970‘s and 1980‘s national water plans with a primary focus on water management 
for irrigation development, the NWMP has broad integrated water management objectives for 
rural, urban, industry, irrigation, fisheries and environmental sectors. 

 The objectives of the NWMP are also closely aligned with the broader development agenda 
for the nation as a whole, in particular the United Nations Millennium Development Goals 
(MDGs) which include eradicating poverty and hunger, and improving health and 
environmental sustainability.  

Five NWMP objectives are inherently socio-economic in nature: economic development, 
poverty alleviation, food security, and a decent standard of living for all people. NWMP 
objectives focus not only on economic outcomes for the nation in aggregate but also 
outcomes for the poor and vulnerable with special attention to the challenges of women and 
children. Many of the NWMP objectives are expected to be realised through large private 
sector investments in addition to investments by government and non-governmental 
institutions. The NWMP will be implemented over 50 years, in a context of economic growth, 
population growth and climate change, exacerbating the already formidable challenges the 
nation faces.  

The following section describes the key drivers of socioeconomic change in Bangladesh. A 
thorough understanding of these drivers is necessary to inform the baseline forecast of the 
Bangladeshi economy. This section is followed by a survey of the literature related to the 
socioeconomic impacts of projected climate change. The key impacts of climate change on 
biophysical variables and pathways of impact on social and economic wellbeing are 
illustrated. The section concludes with a discussion on water scarcity and livelihoods.  

3.6.1. Defining the baseline forecast  

A core element of this project is the evaluation of climate change futures scenarios on water 
supply and demand. A first step towards this end is in defining the baseline economic 
forecast, from the current year until 2050, in the absence of climate change. In Bangladesh, 
the two primary drivers of socioeconomic change are economic growth and development and 
demographic change. These are discussed in turn. 
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Economic growth in 2009 was measured by a GDP growth rate of 5.7% (World Bank, 
2011a). GDP per capita has been rising in an exponential fashion and is estimated to reach 
$2340 USD (purchasing power parity) by 2016 (figure 3.7.1). 

 

Figure 3.7 GDP per capita purchasing power parity 

The fundamental economic structure of Bangladesh has changed over the last couple of 
decades. Since 1989 to 2009, agriculture‘s share of GDP has declined from 30.4% to 18.7% 
while industry, particularly the manufacturing sector, has gained in importance from a 21.1% 
to 28.7% share of GDP (World Bank, 2011a). If Bangladesh‘s economic development 
trajectory follows that of other developing economies, it is expected that this trend of 
structural change will continue over the period of analysis, with the service and financial 
sectors also increasing their share of GDP significantly, to some extent at the expense of 
agriculture‘s share. 

Bangladesh aspires to offer its people a comparable standard of living to that of middle and 
high income countries by 2021. These aspirations and strategies are detailed in the ―Outline 
Perspective Plan of Bangladesh 2010-2021, Making Vision 2021 A Reality‖ (Planning 
Commission, 2010). To achieve this laudable aim, it is estimated that Bangladesh must 
increase its GDP growth rate to the 7 to 8% range (World Bank, 2011b). As such, the 
Bangladeshi government and its institutions have been developing and implementing 
strategies such as its Country Investment Program (Government of Bangladesh, 2011) which 
details an 11 point investment plan to improve food security, and Bangladesh‘s Poverty 
Reduction Strategy which lays the building blocks for accelerated growth and poverty 
reduction (International Monetary Fund, 2005). 

Demographic change is the second primary driver of socioeconomic change in Bangladesh. 
The country‘s population growth rate has been on a declining trend since the late1980s 
(figure 3.7.2); depending on the source, the population growth currently hovers between 1% 
and 1.5%. With a population of 162 million in 2009, it is anticipated that the population will 
reach 224 million by 2050 and stabilize at 250 million by 2085. Population density in 
Bangladesh is the highest in the world with 948 people per square kilometre (United Nations 
[UN] Population Fund, 2011). Thus, although the population growth rate is not particularly 
high, given the already large population, even small rates of growth translate into large 
increases in absolute numbers. This growing population will be an important driver of 
demand for water and other resources and will pose obvious challenges to meeting food 
security targets.  
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Figure 3.8 Bangladesh population growth rate 

The age structure of the Bangladeshi population will also significantly shape future demand 
for water and other resources. Forty percent of the Bangladeshi population is between the 
ages of 15 to 24 (UN Population Fund, 2011; figure 3.7.3). The population age distribution is 
anticipated to look much different by the turn of the century, when 65 million people will be 
over the age of 60 (ICDDRB, 2011). This age class structure and how it evolves towards 
2050 will have implications for consumption patterns and shifts thereof, with a movement 
towards store-bought food and increasing demand for meat and other water-intensive goods.  

Another important demographic driver of change is the trend towards urbanization. 
Urbanization is occurring rapidly, estimated at 4% per annum (UN Population Fund, 2011) 
and it is expected that much of Bangladesh‘s population growth will occur in urban areas 
(Water Resources Planning Organization, 2001). This urbanization will present an enormous 
challenge for infrastructure development to keep pace, put increased strain on urban water 
supplies and sanitation, and increase demand for employment in the major city centres.  
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Figure 3.9 Current and projected age class structure (source: CEGIS and CGC, 2011) 

 

3.6.2. Socio-economic impacts of climate change 

The objective of this section is to provide an overview of the literature relating water 
availability (including climate induced changes), water quality and water governance 
arrangements to socio-economic outcomes in Bangladesh. We survey literature on 
economics relating to impacts of changing water supply on agriculture and food security, the 
economics of water quality and supply for human consumption and sanitation, the economics 
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of salt ingress, flood protection, siltation and transport, and economics of water management 
related to fisheries. A limited amount of the surveyed literature has climate change as a 
primary focus. Much of the literature reviewed focuses on water related challenges to 
realising NWMP and development objectives more generally (e.g. challenges arising from 
flooding, inundation, drought, and arsenic in groundwater). This literature is relevant in a 
much as climate change is expected to exacerbate such impacts. We begin with reports 
specifically focussed on climate change that provide quantitative estimates of economic 
costs of climate change.  

 World Bank (2010) estimates the cost of climate change for Bangladesh, providing 
information for policymakers about the nature of risk and adaptation costs. A 2050 ―baseline‖ 
projection is established taking into account expectations on population change and 
economic development without climate change. The baseline is then compared with climate 
change projections out to 2050 considering both upper and lower bound projections. This 
involves implementing climate change shocks to the baseline projection to evaluate the 
impacts of climate change on economic activities (e.g. agriculture, fisheries), on human 
wellbeing outcomes (health, employment, and consumption) and on water availability. 
Adaptation options in the form of physical capital investment are also considered. A social 
assessment of how vulnerability is socially and geographically differentiated is provided.  

The study evaluates the socioeconomic consequences of 3 principle climate change impacts:  
increased coastal surge inundation, increased inland flooding and  reduced agricultural 
output. Results indicate that areas expected to be influenced by coastal surge inundation are 
expected to increase by 15% by 2050 with climate change. The cost of the resulting damage 
for a severe storm surge with a 10 year return interval is estimated at $9 billion (0.6% of 
expected GDP in 2050) with a disproportionate impact on the poor. With climate change, a 
4% increase in the area affected by inland flooding is anticipated, however the cost of this 
flooding is not estimated.  

World Bank (2010) draws on Yu et al. (2010) for estimation of agricultural impacts. Based on 
crop yield projections for 16 agro-ecological zones with multiple GCMs and 3 emissions 
scenarios, modelling results indicate positive impacts from increased precipitation and 
increased concentration of atmospheric CO2 on aman and aus rice yields. However, losses 
of arable land from increased severe inundation and declines in boro rice yields are predicted 
to more than offset aman and aus rice yield gains. The net effect is an estimated 3.1% 
reduction in annual agricultural GDP compared with the baseline. 

Mondal et al. (2010) conduct a risk-based evaluation of meeting future water demand in the 
Brahmaputra Floodplain Area (BFA) in Bangladesh. Potential climate change impacts on 
water demand were derived from median changes on temperature and rainfall for South Asia 
according to IPCC estimates (IPCC, 2007). Results of their analysis show that water demand 
up to 2050 in the BFA may be met with the construction of the proposed Brahmaputra 
Barrage assuming no change in climate and groundwater resources remain reliable. In the 
absence of climate change and considering only surface water resource use, crop production 
in drought years may be reduced by up to 80%. With climate change and/or reduced 
reliability of groundwater supplies, meeting future demand becomes a serious challenge. In a 
scenario where groundwater use and climate change are considered, a supply reliability of 
80% would be unattainable while vulnerability, or the severity of supply shortages could 
reach 46% (Mondal et al., 2010).   

Faisal and Parveen (2004) also assess food security impacts of climate change but at a 
whole of country scale. They account for positive CO2 enrichment impacts and negative 
impacts of increasing dry season water deficit, and increasing extent of inundation and 
salinity. They conclude the positive CO2 enrichment impacts are likely to more than offset 
cumulative negative impacts for the 2030 climate change scenario, however, for 2050 
projections, negative impacts would dominate and a net reduction in agricultural productivity 
would be expected. Nonetheless, even after accounting for climate-induced declining yields 
and a growing population, they predict that Bangladesh can remain food self-sufficient if 10% 
or greater average yield growth per decade is achieved. 
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In addition to the highly quantitative, integrated studies detailed above, we identified: 1) some 
informative and broad ranging qualitative assessments of NWMP challenges under climate 
change with a multidimensional integrated water management perspective (e.g. Chowdhury, 
2010; Ericksen et al., no date); and 2) a number of issue and sector-specific case studies at 
various scales from household to village, region and nation as a whole. Thematically, this 
literature addresses the following issues: 

1. Challenges to realising food security goals. Key climate factors potentially limiting 
land and water available for irrigation including drought, flood, and tidal surge induced 
inundation and salinity (Yu et al., 2010; Faisal and Parveen, 2004; Mondal et al., 
2010). Additional challenges to meeting food security goals include increasing 
upstream withdrawals, growing population and municipal industrial water demands 
and water arsenic and industrial effluent contamination (Chowdhury, 2010). There is 
also an aspiration to not only boost yields of traditionally dominant (rice and wheat) 
grain crops, but also to diversify production to a mix including more higher value 
irrigated crops.  

2. Challenges of flow management for saline ingress. Sea level rise is also expected to 
result in increased salinity in river channels and groundwater. In the absence of 
climate change, during the monsoon season from June to September, 12% of 
Bangladesh is typically under high levels of salinity (salinity concentration greater 
than 5 parts per thousand) while in the dry season, high salinity affects 29% of the 
country. By decreasing drainage gradients, sea level rise may reduce flow into the 
Bay of Bengal, thus enabling the salinity front to push even further inland. Increased 
saline intrusion may impact not only agricultural productivity, but also may increase 
salinity concentration in groundwater drinking supplies drawn from less than 150 
metres in depth in coastal areas (Yu, et al., 2010). This is threatening economic 
viability of industry and irrigation in an area of 25,000 km2 (Chowdhury, 2010).  

Huq (1999) determined that the entire coastal region, one third of Bangladesh, would 
no longer be suitable for boro rice and wheat cultivation under severe climate change. 
Plans to control this with augmented flows from the Ganges involve trade-offs for 
other consumptive uses such as irrigation (Mondal et al., 2010).  

3. Challenges to maintaining and enhancing fisheries productivity. Bangladesh is home 
to one of most significant inland fisheries in South Asia which provides nearly 65% of 
Bangladeshi diet protein, 9% of employment, 6% of GDP and an important source of 
subsistence for many of the nation‘s poor (World Bank, 2006). For inland capture 
fisheries key issues are feasibility and effectiveness. The costs and benefits of 
construction and maintenance of drainage and flood management schemes requires 
careful consideration as these works may reduce capture fisheries productivity 
(Choudhury et al., 2010). In estuarine contexts, issues related to impacts of the 
relatively new export-oriented shrimp farming industry on traditional land and 
fisheries-based livelihoods are of great concern (cite). 

4. Challenges with flood control and drainage schemes. Investments in flood control and 
drainage schemes of over $2 billion have been undertaken in Bangladesh since 
1944, representing about one-half of all national water resource investment 
(Chowdhury, 2010). World Bank (2010) evaluated the additional investments that 
could be required in this area under projected climate change scenarios and 
concluded that additional investment of nearly $900 million could be justified on a 
cost benefit basis, a finding consistent with NWMP investment plans. The greatest 
challenge is in the design of new schemes and in the modification of operations and 
management of new and existing schemes for integrated water resource 
management to achieve multiple objectives, including maximizing food and fisheries 
productivity, insuring quality water supplies for household consumption and industry, 
and meet navigational goals and reducing saline ingress by reducing siltation in river 
channels.  
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5. Challenges related to shallow and deep groundwater supply. Research and 
appropriate management responses are required to reduce arsenic poisoning and 
realise irrigation productivity goals of the NWMP (WHO, 2000). 

6. Challenges of large city household and industrial water supply and discharge 
management with high groundwater dependence, constrained supply, industrial 
pollution, growing populations, and large undersupplied poor populations (cite). 

7. Challenge of conjunctive use and management of surface and groundwater for 
increased consumptive and non-consumptive uses with reduced inflows due to 
growth in upstream demand.  

From the literature review, we conclude that significant gaps exist in quantitative 
assessments of the full range of climate change impacts related to water resources. 
Additionally, we conclude that there is a gap in research focussed on inter-sectoral and multi-
objective trade-offs and opportunity costs inherent in integrated management planning, 
practices and mechanisms that allow a more efficient and equitable use of water resources. 
Some of the key issues that could benefit from further integrated biophysical and socio-
economic investigation include: 

1. broad national scale scoping of climate change and development, the biophysical 
impacts of land loss through inundation, bank instability and erosion, siltation impacts 
on navigation and fisheries productivity, surface and groundwater supply and quality 
(including salinity and arsenic, industrial and household sanitation and pollution); and, 

2. broad national scale scoping of sector impacts for irrigation, household water supply 
and sanitation, transport and fisheries under alternative development and investment 
scenarios. 

3.7. Water scarcity and livelihoods 

Given the critical role that water plays in the performance of key economic sectors and 
considering that economic growth is directly related to levels of poverty, it follows that water 
and poverty are closely related (Ahmad, 2003; World Bank, 2005). The government of 
Bangladesh has implemented several actions to tackle water and poverty problems including 
the National Water Policy (WARPO, 2001). This policy later informed the country‘s Poverty 
Reduction Strategy Paper (IMF, 2005). 

Since the 1950s, more than 600 water resource projects have been completed. The majority 
of these were intended to increase crop production, and provide flood control, drainage, or 
irrigation. The evaluation of these initiatives indicates that, in some cases, the water-related 
interventions generated positive development outcomes such as increased yields, reduced 
irrigation costs, foreign currency earnings or reduced health risks. However in many cases 
the poorest and least resourced sub-population were still excluded from these benefits and 
sometimes suffered as customary access to livelihood supporting assets for such people was 
often in short supply (Fontein et al., 2010).  

The multi-disciplinary research organization, Bangladesh Unnayan Parishad (BUP) has 
conducted some work on the interface between water resources and livelihoods. One such 
study conducted in 2004-05 sought to apply simulation models in the assessment of climate 
change impacts on water resources and agricultural production; in this work, the organization 
identified a lack of fundamental knowledge regarding the relationship between climate 
change and socioeconomic effects, including in urban environments (Ericksen et al., no 
date). Another study by BUP sought to develop pro-poor strategies for intervention in 
irrigated agriculture (BUP, 2004).  

We conclude that there is a considerable body of village and regional-level case studies 
providing understanding of biophysical and social context factors influencing vulnerability and 
adaptability of the poor to climate change. Additionally, we found a significant and very 
progressive body of active research that involves working closely with impacted people to 
discover adaptation strategies with both an entrepreneurial focus and one on improving 
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access to and conditions of common property livelihood-supporting resources such as 
fisheries.  

In the methodology section we propose an attempt to draw together subdistrict or district 
level data as comprehensively as possible for the nation as a whole and/or for key case 
study regions that will allow characterisation of livelihoods and their vulnerability and 
adaptability to climate change impacts, particularly on water resources. This will involve 
gathering biophysical, demographic and household, resource access and livelihood 
information that can be used to understand vulnerability impacts of changes in water-related 
variables and how such vulnerability can be reduced.  

Key criteria for the livelihood assessment approach being developed are: the 
characterization of the livelihood system is sensitive to modelled changes in the overall 
economic environment (linkages); the approach will enable the identification of hotspots 
where improved water policy and practice could generate the greatest net gains; the 
framework is amenable to trialling and exploring adaptation options, and; the livelihood 
assessment may be conducted based on secondary data sources. The proposal builds on 
the extensive experience on livelihood sustainability analysis and climate change and water 
scarcity impacts on livelihoods (Adato and Meinzen-Dick, 2002; Carney, 1998; Chambers, 
1987, 1989; Ebi et al., 2006; Hahn et al., 2009; Kirby et al., 2009; Nicol, 2000; Oxford Centre 
for Water Research, 2010; Scoones, 1998; Sullivan and Meigh, 2007; Swift, 1989).  

While there has been some work to provide a national level overview of vulnerability of the 
poor to the water resource related challenges expected with climate change (e.g. World 
Bank, 2010), this is an area where additional work would be useful. To our knowledge, the 
integration of hydrological, hydro-geological, general equilibrium and climate scenario 
analysis is the first of its kind. Such and effort can build on The Bangladesh Institute of 
Development Studies (BIDS) ongoing engagement in some small scale water resources 
management research, stakeholder consultation and institutional analysis of water resources 
(Islam 2003, 2005), and advances made in more accurate approaches to estimate economic 
returns of water and pro-poor water pricing approaches (Chakravorty, 2004).  
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4. METHODOLOGY 

4.1. Framework for integrated analysis  

The overall framework of the integrated assessment is shown in Figure 4.1. 
 

 
 

Figure 4.1 Flow chart of integrated assessment of water resources 

 
The integrated assessment will have three major components: 
a) Surface water assessment 
b) Groundwater assessment 
c) Socio-economic assessment 
 
A brief description of the methods that will be followed for each of these components is given 
below. 

4.2. Surface water assessment 

Surface water uses and availability are well studied and modelled in Bangladesh. However, 
due to a rapidly changing environment, upstream withdrawal, increasing use by different 
sectors, recent trends of erratic rainfall these estimates need to be updated. For this 
component of the study, we will mostly rely on the existing models used by the local 
collaborators particularly, IWM. IWM uses a wide range of state-of-the-art modelling and 
analytical tool such as MIKE11, MIKEBASIN, MIKEFLOOD etc. and has developed regional 
surface water models covering the whole of Bangladesh (Figure 4.2).  

IWM has also developed the GBM basins model which considers the whole catchment area 
of these three rivers. The GBM basins model will be applied to reproduce the possible 
changes of trans-boundary flow in the basins resulting from predicted hydro meteorological 
changes in the area. 
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Figure 4.2 Location of different regional models developed by IWM 

 

4.2.1. Mathematical model study for surface water assessment 

IWM houses 6 regional models comprising all of Bangladesh‘s  significant rivers, namely the 
Northwest Region Model, Northeast Region Model, North-central Region Model, Southeast 
Region Model, Southwest Region Model and Eastern Hill Region Model. The models are one 
dimensional model developed using DHI‘s MIKE11 software. These regional models are 
capable of generating water level, discharge and velocity data at all ungauged locations once 
data at boundary locations are known. The boundaries of the regional models are located 
mostly at trans-boundary locations and at the coast. The regional models were originally 
developed at IWM during the period 1986-93. Since the original development, the models 
have been regularly updated and validated with annual hydrological and recent topographic 
data. The model updates were carried out in connection with flood forecasting activities 
under the agreement between BWDB and IWM. The last updating of the regional models 
was carried out for the hydrological years 2004-05, 2005-06 and the 2006 monsoon season. 
The regional models are mostly calibrated for the monsoon period and therefore model I 
improvement and calibration is required for the dry season only.  

Computation and simulations with the regional models are carried out using two modules of 
MIKE11, namely the rainfall-runoff (NAM) module and hydrodynamic (HD) module. The NAM 
is a lumped, conceptual rainfall-runoff model, simulating the overland- flow, inter- flow, and 
base-flow components as a function of the moisture contents in different storages. The 
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hydrodynamic module (HD) uses an implicit, finite difference scheme for the computation of 
unsteady flows in rivers and estuaries. The module can describe sub-critical as well as 
supercritical flow conditions through a numerical scheme which adapts according to the local 
flow conditions (in time and space). 

The regional models can be used to estimate water availability at different locations and 
regions. A  a Brief description of the models is given below.  

Southeast Region Model (SERM) 

The SERM was developed in 1986, and since then it has been validated for 13 hydrological 
years up to 2005-06.The model comprises an area of about 8500 km2. It receives external 
inflows coming from India of about 5000 km2. Total river length in the latest validated setup is 
1750 km with 135 rivers and branches. The Gumti, Titas, Dakatia, Little feni, Rahmat Khali 
khal, Bamni are some of the main rivers in this model domain.  

Northeast Region Model (NERM) 

The NERM was developed in early 1991, and since then it has been validated for 14 
hydrological years (from 1993 up to 2005-06). The model comprises an area of about 24,265 
km2. It receives external inflows from India for an area of about 20311 km2. The Surma, 
Kushiyara, Jadukata, Manu, Khowai, Someswari, Kalni and Bhugai-Kangsha are the main 
rivers of this region. Bhairab Bazar establishes the lower boundary of this model.  

Northwest Region Model (NWRM) 

The NWRM was developed at the same time as NERM. The model comprises an area about 
32,600 km2. In the northern part it receives external inflows from India. Total river length in 
the latest validated setup is 2800 km having a total cross section of 1258 km. The Jamuna, 
Atrai, Bangali, Karatoya and Teesta are the main rivers of this region.  

North Central Region Model (NCRM) 

The NCRM was developed in 1991, and since then it has been validated for fourteen 
hydrological years (up to 2005-06 and the monsoon season of 2006). The model comprises 
an area of about 14,700 km2. The Dhaleswari, Bangshi, Kaoraid, Balu, Buriganga, Turag, 
Kliganga, Maker, Pungli, Tongi Khal and Ichamati are the main rivers of this region.  

Southwest Region Model (SWRM) 

The SWRM was developed in 1991, and since then it has been validated for 11 hydrological 
years (up to 2005-06 and the monsoon season of 2006). The model comprises an area of 
about 37,330 km2. Total river length in the latest validated setup is 5,600 km. The Padma, 
Meghna, Arialkhan, Gorai and Pussur-Sibsa are some of the important rivers of this region. 
In addition, the Sundarban area is also included in this model domain. The southern 
boundary of this model is fully tidal (Bay of Bengal).  

Eastern Hill Region Model (EHRM) 

This regional model covers the greater Chittagong region. Due to the complexity of the hilly 
terrain in the region, this model will not be included in the present study. 

GBM Basin Model 

A hydrological model for the entirety of the Ganges, Brahmaputra and Meghna basins (GBM 
model) are also available with IWM and  is capable of generating major transboundary flows 
once the meteorological data of the basins are known. The GBM basin model was originally 
developed at the Flood Forecasting and Warning Centre (FFWC) of BWDB)in 2005. The 
model has been tested at IWM using several rainfall data sets over the Ganges, 
Brahmaputra and Meghna basins area. The model has been used in several studies in the 
last several years to estimate river flow at major transboundary locations. Areas included in 
the Ganges, Brahmaputra and Meghna basins are 979,503 km2, 520,663 km2, and 26,567 
km2, respectively. The model includes a snow melt feature to account for the snow-fed 
catchments of Hindukush Himalaya region. However, the complex glacier melt phenomenon 
was not defined in the model. Lumped features of the water retention and control structures 
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(reservoirs and dams) within India are incorporated in the model based on information 
available from secondary sources. The model is calibrated at outlet stations: Hardinge Bridge 
and Bahadurabad inside Bangladesh. Identification of climate change implications requires 
the analysis of future climate change scenarios in the GBM basin.  

Links among different models and the major steps in modelling for the surface water 
assessment and are presented in Figure 4.3. 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 4.3 Steps of mathematical modelling for water resources assessment 

4.3. Groundwater Assessment 

Hydrogeological and stratigraphic data forms the basis for assessment of groundwater 
systems, resource condition and availability. Information on groundwater systems accrues 
incrementally with time and effective archiving, visualisation and display of information is 
critical to effective management and national water balance assessments.  

In order to undertake groundwater balance or resource analysis at a national scale, maintain 
audit and stock conditions of groundwater resources, enable equitable groundwater 
allocation policies and to assess impacts of climate change, a national hydrogeological data 
base system is essential. Such databases are a long-term strategic national asset.  

An assessment will be made of the existing status of hydrogeological database systems and 
their management in Bangladesh with the objective of infrastructure and capability building in 
counterpart agencies. While significant knowledge (and exploitation) of shallow groundwater 
resources exists, groundwater is identified as a knowledge gap in the NWMP. Much of the 
gap we believe is in the high level interpretation of existing data for issues such as the water 
balance (recharge, discharge, use and storage), sustainable extraction limits, pollution 
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threats (by salinisation or ingress of pollutants), groundwater – surface water interactions, 
and prospects of alternative management (such as managed aquifer recharge). 

The project will therefore focus on enhancing and using existing databases for broad national 
interpretation of groundwater resource management. 

We will also, as part of the groundwater studies, undertake a broad study of surface water - 
groundwater connectivity and exchange in Bangladesh. Historically, surface water and 
groundwater resources tend to be independently assessed and managed; in fact they are 
closely interconnected in space and time. Surface water bodies such as rivers and lakes 
form key spatial boundaries to groundwater systems. Use, overexploitation or contamination 
of one will affect the other, with groundwater resources becoming the mainstay of water 
supply in periods of surface water scarcity.  

An assessment of existing data will be made. Unless it has already been done, we will then 
map the extent and nature of surface water-groundwater connectivity e.g. indices such as 
whether a river is gaining, losing, static or disconnected with respect to a bounding 
groundwater system. The assessment will be at the national scale and based on 
geographical information tools facilitating visualisation in map form and as an element of the 
national hydrogeological database. Surface water-groundwater interactions, involving the 
analysis of the dynamics of water flow between aquifers and surface water features, and the 
impacts of this interaction in terms of water quantity, and quality will be considered.  

Depending on the extent to which climate change and in particular if the rainfall-ET balance 
will shift (decrease) (as discussed in Section 3.3.2), it is probably better/prudent to adopt a 
conservative position on climate/rainfall scenarios whereby future drying scenarios are 
considered. With this conservative approach considering future rainfall change apparent, 
selection of the Cwet, Cdry, Cmedian scenarios approach that were applied in the 
Sustainable Yields Projects (CSIRO, 2008) was initially thought to be the approach that could 
be taken.  

The key point is that under the present and historical rainfall conditions, average 
groundwater levels have been declining in significant areas of the country, especially in the 
NW, SW, NC (Central) and NE Hydrological Regions i.e in areas away from the main river 
floodplains (Shamsudduha et al., 2009) as shown in Figure 4.4. All the maps show generally 
declining groundwater levels in most parts of Bangladesh although the extent is spatially 
variable. However, the Shamsudduha et al. (2009) analysis did not consider the annual 
recharge cycle in that the monsoon recharge response drives groundwater level recovery 
each year. Thus while average groundwater levels may decline due to groundwater 
extraction causing the dry season minimum, the monsoon recharge response can result in 
full recovery of groundwater levels due to induced recharge. The key issue is to determine 
the balance point where annual dry season groundwater extraction is not fully compensated 
for by monsoon recharge resulting in a net groundwater deficit.  
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Figure 4.4 Trends in groundwater levels between 1985 and 2005 (source: Shamsudduha et 
al., 2009) 

Shahid and Hazarika (2010) concluded that steps are required to regulate the extraction of 
water in the area for sustaining rechargeable groundwater aquifers with full public 
knowledge. Accurate estimation of groundwater recharge is essential for this purpose. Future 
research is necessary to estimate the percentage of precipitation for various precipitation 
events that contribute to enable the indirect estimation of groundwater recharge. 

These recent analyses contrast with the NWMP (WARPO, 2001) which suggested that in 
most areas groundwater levels continued to return each year to the same level. WARPO 
(2001) indicated that further expansion of ground water based irrigation nevertheless would 
cause seasonal water levels to decline further, although in those areas where irrigation is 
already highly developed, this implies a small change from current levels. 

The alternative (proposed methodology) is therefore based on the recognition that, despite 
steady historical rainfall conditions, significant groundwater level decline has occurred in the 
NW, SW, Central and NE areas. The areal extent of groundwater level declines does not 
seem to have been predicted in the WARPO (2001) analysis (Figure 4.5) although the 
western margins of the NW and SW Hydrologic regions do indicate a deficit in the supply and 
demand balance of groundwater resources. 



 38 

 

Figure 4.5 WARPO (2001) analysis of projected deficits in the groundwater resource 

 

4.3.1. Analysis of initial groundwater level data sets and methodology 
development 

Initial data (September 2011) were provided as time series of groundwater level data from 14 
Districts. Figure 4.6 shows the spatial distribution of data provided. Figures 4.7 to 4.11 
illustrate the initial trend evaluation in the form of scatter plots of all lumped data as provided. 
Inspection of the groundwater level data allows its division into four Type behaviours, 
extending that described by Shahid and Hazarika (2010): 

 Type 1: Dhaka and the Dhaka region show three patterns: i) the well-known strongly 
declining levels in Dhaka city ii) some of the early stage decline patterns in Dhaka 
region have characteristics of Type 2 and Type 3  

 Type 2: Groundwater trends where the summer minima are declining and the 
monsoon induced recharge top-up appears insufficient to fully restore groundwater 
levels. Three districts are of this type: Dinajpur, Nawabganj and Rajshahi  
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 Type 3: Groundwater trends where the summer minima are declining but there is no 
decline in the monsoon peak. i.e induced recharge is currently sufficient to make up 
the summer deficit. Rangpur, Gaibanha and Nilphamari exhibit this type. 

 Type 4: Steady summer minima and monsoon maxima groundwater levels, shown at. 
Patuakhali, Khulna, Gopalganj, Bagerhat, Noakhali and Satkhira. 

 
 

Figure 4.6 Spatial distribution of groundwater data analysed 

 

Figure 4.7 Scatter Plot of groundwater level for Dhaka (all data) 
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Figure 4.8 Type 2 Groundwater Level Pattern – Scatter plots of all Dinajpur data in two parts 
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Figure 4.9 Type 3 Groundwater Level Pattern – Scatter plots of all Rangpur data 

 

Figure 4.10 Type 4 Groundwater Level Pattern – Scatter plot of all Satkira data 

 

4.3.2. Groundwater assessment – recharge estimation 

Feedback from the Bangladesh counterparts at meetings in Dhaka in December 2010 
stressed the concepts of ―Potential and Induced Recharge‖ which recognises the highly 
seasonal monsoon-driven groundwater recharge cycle in Bangladesh. In this, groundwater 
drawdown due to groundwater production for irrigation or other purposes results in aquifer 
―inducing‖ recharge via the storage capacity made available by pumping; i.e. water that 
would otherwise be rejected recharge and diverted to surface runoff is induced to recharge 
groundwater. This recharge mechanism concept was held by the counterparts and thus the 
methodology (or the terminology used in its description) should address this concept.  
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In this respect, Shamsudduha et al (2009) point out that declining trends in groundwater 
levels during the wet season, particularly in the central (0.5–1 m/yr) and north-western (0.1–
0.5m/yr) regions, indicate that shallow aquifers in these areas are not fully recharged each 
year during the monsoon season (Type 2 behaviour). As a result, shallow groundwater 
storage is declining.  

From the point of view of this project, part of our methodology should include analysis and 
production of spatial datasets that overlay the trend in groundwater levels (Shamsudduha et 
al., 2009 and BWDB), recharge estimates (this project via VFM/WAVES analysis – and here 
we need to target the ―hot-spot‖ water table decline districts and regions) and climate change 
(Islam and Neelim, 2010). This spatial analysis will then highlight the areas of groundwater-
irrigated dry season rice production that are most significantly under threat from groundwater 
storage decline due to climate change (i.e. reduced rainfall-recharge).  

In December 2010 we foreshadowed a methodology that delivers: 

 A groundwater recharge map (based on VFM/WAVES, but now we should focus this 
analysis on areas highlighted by the Shamsudduha et al (2009) mapping and climate 
change).  

 Groundwater sustainability factor (SF) estimation for Bangladesh. A methodology that 
permits investigation of the effects of climate change on SF. 

 Identified the range of spatial data sets and model tools necessary to deliver the 
outputs  

Spatial data sets 

 Collect spatial dataset used by Shamsudduha et al (2009) from BWDB/CEGIS/IWM.  

 Preparation of suitable spatial datasets of aquifer properties and groundwater 
condition over (initially) selected Bangladesh regions. 

 Analysis of change of aquifer storage. 

 Application of the procedure and analysis of the results to provide spatial maps of 
groundwater resource sustainability. 

 Spatial maps of annual mean depth to groundwater to assess the upper limit on 
annual recharge. 

 Addressing the concept of induced recharge (which is clearly a key issue and concept 
with the Bangladesh counterparts), identify spatially which regions have potential to 
―accept‖ induced recharge if they are drawn down. From this analysis, identify, based 
on anticipated climate (rainfall) change which regions could suffer from reduction in 
induced recharge. 

 Base-of-aquifer data.  

 Identify pilot areas for analysis e.g. (i) check data set areas already provided (ii) 
review in context of groundwater ―drought‖ areas.  

 Access digital elevation maps 

The Vertical Flux Model 

CSIRO Land and Water has developed a Vertical Flux Model (VFM) over a number of years 
and has applied it to several groundwater resource projects. The most recent version of the 
VFM (Silberstein et al., 2008) has improved biophysical representation enabling better 
prediction to be made of the impacts of managed withdrawal from an aquifer. The model also 
gives a better understanding of the impacts that various land uses have on the regional 
groundwater resource, and permits modelling of scenarios for vegetation management that 
may enhance or deplete the available water resource. 

The new model is a combination of three components: a saturated model based on 
MODFLOW, the VFM, and a Geographic Information System (GIS), which controls data 
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management for the model. The VFM is the interface between the MODFLOW model and a 
selection of recharge models, of which WAVES is one, and replaces the functions of the two 
MODFLOW packages RCH and EVT. Within the scope of the project, only the VFM and GIS 
component will be run in a stand-alone mode and not be coupled to MODFLOW. Thus net 
recharge (actual recharge where Potential Recharge = Actual Recharge + Rejected 
Recharge in the terminology of the Bangladesh, MPO 1987) will be estimated as the VFM 
estimates Rejected recharge gives consideration to the often cited condition in Bangladesh.  

The recharge/discharge VFM algorithm is implemented as a subroutine that takes inputs 
from model data files describing land use, extent of vegetation cover and vegetation type, 
and climatic data (rainfall, temperature, etc). The subroutine calculates interception, the 
water removed from the root zone, storage in the unsaturated zone, and the resulting net flux 
to, or uptake from, the aquifer. 

VFM estimated aquifer recharge will be based on a 500 x 500m pixel depending on data 
resolution based on the following six factors:  

 Climate (i.e. Rainfall, ET) 

 Land use – vegetation cover – crop water use. 

 Soil type - permeability 

 Watertable depth 

 Flood condition (Rejected Recharge) - handled in 1D vertical VFM 

 Lateral s/w - g/w exchange – flux via boundary elements at main s/w features.  

The VFM will be calibrated against the groundwater level data provided by IWM and BWDB 
as per the sample data sets above and more recent 2005-2010 data as and where available. 
Thus the objective is to use a state-of-the-art biophysical VFM model to analyse groundwater 
level fluctuations and hence determine recharge and sustainable yield. In the first instance 
the VFM would be applied to several strategic and characteristic regions (Districts, Upazilas) 
of Bangladesh.  

A key requirement for selection for analysis in the first instance will be regions where 
groundwater supplied irrigation is an important agricultural practice and regions where 
groundwater level decline is reported. Once the methodology has been tested and applied, 
the intention is to hand the modelling framework over to the Bangladeshi counterparts, with 
necessary training, for them to refine, adapt and apply it to larger areas of Bangladesh. 
Coupling the GIS/VFM model to MODFLOW for analysis of groundwater flow and surface 
water groundwater interaction could be the topic of an extension to the present project. 

The key methodological steps in application of the VFM will be:  

 Determine sensitivity of groundwater storage decline to monsoon rainfall - recharge – 
i.e thresholds where Induced recharge becomes < reduced storage. 

 Configure and adapt VFM for Bangladesh conditions. 

 Calibrate to observed 1-4 Type pattern data. 

 Apply in key, strategic districts. 

 Use the VFM to investigate sensitivity of transition from Type 4 to Type 3 to Type 2 to 
Type 1 pattern data and regions where this could happen. 

 Use the VFM Investigate effects of climate change (R, ET) scenarios on transition 
from Type 4 to Type 3 to Type 2 to Type 1 groundwater level (storage) pattern. 

 Use the VFM to investigate the ability of districts to withstand transition from Type 4 
to Type 3 to Type 2 to Type 1 under increasing groundwater demands. i.e. the 
transition point at which potential recharge cannot compensate for pumping. 
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4.3.3. Surface Water – Groundwater Interaction Study 

River-aquifer interaction mainly happens in the area adjacent to river banks depending on 
the head difference of river water and groundwater levels. If the river water level is above the 
groundwater level, it will contribute to groundwater and vice versa. However, the exchange 
between river and groundwater in the river bank areas influences the groundwater resource 
of that area gradually. So, the study of surface water and groundwater interaction along the 
river bank provides an overall idea about the role of river on groundwater of that area. A pilot 
area of a Jamuna River reach has been selected to study the interaction between surface 
water and groundwater. The study will be conducted using MIKE 11-MIKE SHE coupled 
modelling software.  

A pilot study area of 2,492 km2 extends along the Jamuna River in the north and along the 
Old Brahmaputra River in the south will be developed under this study to evaluate the 
surface water – groundwater interactions as shown in Figure 4.12. The model will also 
include the river of Dharla, Teesta and Ghagot. The study area extends over fifteen Upazilas 
of Gaibandha, Jamalpur and Kurigram districts. 

 

Figure 4.11 Location of the surface water-groundwater interaction modelling 

The topography of the study area is reasonably flat as shown in Figure 4.13 which is based 
on a Digital Elevation Model (DEM) of Bangladesh. The land elevation gradually lowers from 
north to south. The land level varies from 28 m parameter-weighted distance (PWD) at the 
northern end to 15 m PWD at the southern end near Melandaha. The average land elevation 
is 21 m PWD. The mean annual rainfall in the study area is around 2,224 mm whereas the 
mean annual evaporation is around 970 mm. 

The model set-up will include river and groundwater model set-up. The river model set-up is 
based on the river model developed by MIKE 11 for the river hydraulics study. The river 

 

 Figure XXXX: Proposed Model Area 
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network falling within the study area will be taken into consideration. The main components 
of the groundwater model in MIKE SHE will include a Saturated Zone (SZ), Unsaturated 
Zone (UZ), Overland Flow, Channel Flow and Evapotranspiration (ET). The different types of 
data will be processed and incorporated in these four modules.    

The coupling between MIKE 11 and MIKE SHE is made via river links, i.e. segments 
between two adjacent grid points. The entire river system will always be included in the 
hydraulic model, but MIKE SHE will only exchange water with the user-specified coupling 
reaches. During the simulation the calculated water level elevation and flow are transferred 
from MIKE 11 water level points to MIKE SHE river links. The calculated source/sink terms of 
the river links are fed back to MIKE 11 as lateral in/out flow to the corresponding water level 
points. 

 

 

Figure 4.12 Topography of the model area 

4.4. Water demand estimation 

4.4.1. Agricultural Demand 

Land use/crop mapping 

The time series land use information from BBS, SPARRSO, NWMPP 2000, and ARIS with 
remote sensing information will be used by CEGIS to prepare seasonal crop maps for 
selected years. The spatial crop maps will be used to refine actual evapotranspiration 
estimates which will ultimately help improving water balance estimates for integrated water 
resources management.  

A general land use/cover map including agriculture land, water bodies, mangrove and other 
forest, shrimp cultivate area, salt cultivated area and settlements with homestead vegetation 
class will be prepared for the whole country from available Landsat images for the selected 
years. The Landsat images covering the whole country are available for 2010, 2009, 2003, 
1997, 1989 and 1984. The available satellite images for selected years will be digitally 
classified using spectral information from the images. Finally the classification results will be 
verified with ground truth and secondary data.  

Most of the Landsat images available in CEGIS‘ archive were acquired during the dry season 
(mostly January and February). From these dry season images combined with extensive field 
survey, it is possible to identify potato crop area. For Boro season rice mapping, images of 
March or April are required, however it is very difficult to find cloud free images after 
February. The cloud free Landsat images of March or April are available only for some parts 

Figure XXXX: Topography of the Model 
Area 
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of the country for one or two years only. These images may be used for Boro rice mapping at 
a local level if they cover the selected hot spots. At a national level, Boro season rice 
mapping will be prepared from Terra MODIS satellite images with the 250 m red and infrared 
band and 500 m shortwave infrared band s; MODIS data is available since 2000.  

Time series RADARSAT ScanSAR Wide beam images of 2000, 2001, 2002, 2003, 2004 and 
2005 are available for the monsoon season. These images may be used for monsoon 
season landuse mapping. The resolution of the RADARSAT images is 100 m.  

Seasonal agricultural water consumption 

One important part of the project will be the estimation of agricultural water consumption, 
which is the largest water user in Bangladesh. This project aims to develop maps of ET at an 
appropriate scale (as required by other components of the project). The key steps for this 
endeavour include: 

1. Collection and collation of available information on agricultural water 
consumption/evapotranspiration in Bangladesh; 

2. Identification of data gaps and data poor regions; 

3. Verification and refinement of evapotranspiration mapping through crop water use 
modelling using secondary and remote sensing datasets; and  

4. Assessment of water consumption by major land use in Bangladesh. 

The key partners/collaborator for this activity is CEGIS, as they have already prepared 
evapotranspiration maps for some regions in Bangladesh. CSIRO will be mainly responsible 
for verification and refinement of existing information through a combination of crop water 
use modelling using secondary and optical remote sensing datasets. The modelling 
techniques will include Food and Agricultural Organisation (FAO) based approaches (Allen et 
al. 1998; Steduto et al. 2009) and satellite-Based Surface Energy Balance (SEBAL) 
modelling (Bastiaanssen et al. 2002; Ahmad et al. 2009).  

For evapotranspiration, estimation from the Landsat images available in  CEGIS‘ archives 
will be used. The reference frame of the Landsat data and the Landsat TM and ETM images 
having visible, infrared and thermal Bands that are available in CEGIS‘ archives are given in 
Appendix A. Most of the images were acquired during the dry period (January and February). 
The key advantage of the combined use of FAO and SEBAL modelling is to overcome the 
shortcomings of both methods, such as the low spatial representation and low temporal 
resolution of remotely sensed images. Considering the limited availability of cloud/haze-free 
periods in Bangladesh, it is anticipated that the SEBAL analysis will be restricted to the dry 
season. In terms of actual demand estimation and water management, dry season is the 
most crucial period which will help capture the variability in actual evapotranspiration and 
delineation of areas under different levels of water stress. FAO approaches will be used to 
compute time series agricultural water use under current and climate change futures 
scenarios. 

SEBAL Modelling 

SEBAL is an image processing model which computes actual evapotranspiration through a 
complete radiation and energy balance along with resistances for momentum, heat and 
water vapour transport for each pixel (Bastiaanssen et al., 1998; Bastiaanssen, 2000). The 
key input data for SEBAL consists of spectral radiance in the visible, near-infrared and 
thermal infrared part of the electromagnetic spectrum. In addition to cloud free satellite 
images, the SEBAL model requires routine weather data parameters (wind speed, humidity, 
solar radiation and air temperature). With this data, evapotranspiration is then calculated 

from the latent heat flux E, and the daily averaged net radiation, Rn24. The latent heat flux is 
computed from the instantaneous surface energy balance at satellite overpass on a pixel-by-
pixel basis: 

  HGRE 0n      (1) 
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where: E (W/m2) is the latent heat flux (λ is the latent heat of vaporization and E is the 
actual evaporation), Rn (W/m2) is the net radiation, G0 is the soil heat flux (W/m2) and H 
(W/m2) is the sensible heat flux. The latent heat flux describes the amount of energy 
consumed to maintain a certain evapotranspiration rate. Then instantaneous latent heat flux, 

E, is used to compute the instantaneous evaporative fraction  (-): 

  
0n -GR

E

HE

E
è     (2) 

The instantaneous evaporative fraction  expresses the ratio of the actual to the crop 
evaporative demand when the atmospheric moisture conditions are in equilibrium with the 
soil moisture conditions. The instantaneous value can be used to calculate the daily value, 
because the evaporative fraction tends to be constant during daytime hours, although the H 

and E fluxes vary considerably. The difference between the instantaneous evaporative 
fraction at satellite overpass and the evaporative fraction derived from the 24-hour integrated 
energy balance is often marginal and may in many cases be neglected (Brutsaert and 
Sugita, 1992; Crago, 1996). For time scales of 1 day, G0 is relatively small and can be 
ignored and net available energy (Rn - G0) reduces to net radiation (Rn). At daily timescales 
actual evapotranspiration, ETa (mm/day) can be computed as:  

  n24

31086400
RΛET

w

a     (3) 

where Rn24 (W/m2) is the 24-h averaged net radiation,  (J/kg) is the latent heat of 

vaporization, and w (kg/m3) is the density of water.  

FAO crop water use methods 

FAO56 (Allen et al. 1998) has proposed a number of semi-empirical equations to compute 
reference crop evapotranspiration from meteorological data. This method will be used to 
compute reference crop ET for different locations (depending on the availability of 
meteorological data). Then using secondary agricultural statistics or crop classification maps, 
area-specific crop coefficients and SEBAL results, point-based reference crop ET will be 
extrapolated to map seasonal and annual evapotranspiration across Bangladesh.  

Depending on data availability on soil, irrigation regime and cropping factors, AquaCrop, an 
FAO crop model to simulate yield response to water, will be used to compute the actual 
evapotranspiration, crop yield and water productivity for major crops in Bangladesh under 
historical and future climatic scenarios. AquaCrop simulates water transfer in the soil-plant-
atmosphere continuum. It includes, soil, with its water balance; the plant, with its 
development, growth and yield processes; and the atmosphere, with its thermal regime, 
rainfall, evaporative demand and carbon dioxide concentration. Additionally, some 
management aspects are explicitly considered (e.g. irrigation, fertilizer, etc), as they will 
affect the soil water balance, crop development and therefore yield (Raes et al., 2009; 
Steduto et al., 2009). AquaCrop requires a relatively low number of parameters and input 
data to simulate the yield response to water, environmental conditions and climate change. 
Its parameters are explicit and mostly intuitive and the model maintains sufficient balance 
between accuracy, simplicity and robustness. The AquaCrop model will be calibrated against 
remote sensing datasets (e.g. vegetation indices) and secondary datasets on yield. 

For this component, the required secondary data from Bangladesh would include daily 
meteorological data (maximum and minimum temperature and humidity, , wind speed, solar 
radiation/sun shine hours, pan evaporation), crop coefficients, agricultural statistics, land 
use/crop maps, irrigation and high resolution cloud free satellite images ( e.g. Landsat TM). 
CSIRO will also explore United State Geological Survey (USGS) datasets as a source to 
acquire additional satellite data for this project. 

4.4.2. Industrial and urban demand 

Industrial and urban demand estimates will be based on data, where available of water 
extraction and delivery for these sectors in Bangladesh. Where data are not available, 
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estimates may be made by examining groundwater use, calculated from water table draw-
down for example, or on per capita estimates available in the literature. Likely changes to 
use will be based on the socio-economic work (described later), which will lead to estimates 
of future industrial activity, urban growth and changing water demand.  

4.4.3. Environmental and other demand 

Water demand for forestry, fisheries, navigation, and environmental flow will be estimated 

under environmental and other demand scenarios without considering the climate change. 

Forestry 

Water demand for forests will be calculated mainly for natural forests and homestead forests. 
The following procedure will be used to estimate forest demand. 

i. Tree Water Demand (TWD) is estimated using the equation: TWD= KL× ETo 

Where, KL = kS × kd × kmc ; KL= Landscape Coefficient; ETo = Evapotranspiration; 
kS = Species Factor; kd = Density Factor; kmc = Microclimate Factor. 

ii. ET0 is calculated using the FAO suggested Penman-Monteith equation with help 
of the CROPWAT tool.  

iii. Species factor (kS) is found to be 0.5 by averaging moderate species factors of 
trees (0.6) and shrubs (0.4) according to the CID Landscape Manual. 

iv. High density factor (kd) is found to be 1.0 according to Costello (2001) for 
moderate landscape. 

v. Microclimate Factor (kmc) is found to be 1.0 for moderate landscape. 

vi. Average rainfall value is deducted from the total forest demand for finding 
absolute forest demand.  

Navigation 

Water demand for the navigation sector is for the purposes of maintaining an appropriate in-
channel depth in rivers. Usually, navigation water demand is estimated on the basis of flow 
requirements for maintaining depth for different types of vessels and water crafts. The ESG 
has considered average flow during dry period and minimum flow during the wet season. 
Following the same methodology, navigation demand will be assessed.  

Fisheries 

Fisheries water demand will be estimated following the formula developed by Chowdhury 
(2009).  

The available fish habitats of the selected RDA will be grouped into 2  groups viz. non-
consumptive and consumptive for assessing fish water demand considering the same 
operative mode and water need for sustaining fisheries (Chowdhury, 2009).  

 Group 1: Non-consumptive fish water demand 

Habitat type: Open water capture fisheries - Rivers, Canals, Beels and Floodplains 

 Group 2: Consumptive fish water demand 

Habitat type: Closed water culture fisheries (Fish) - Ponds and ditches (Culture, 
Culturable and Derelict)  

Water demand for each habitat type will be determined by its seasonality and fish biology. 
Thus, the fundamental factors, which will be considered in the assessment of fish water 
demand, are:  

 Fishery type and its seasonality 

 Habitat type and its seasonality 

 Biological demand of fishes 
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A set of formulae was developed for each of the above mentioned habitat classes and water 
demand for fisheries was assessed (Chowdhury, 2009). The water demand assessments for 
each of the fishery types are described below: 

 Non-consumptive fish water demand:  

Open water capture fisheries water demand C1 = F+Ei-R 

 Consumptive fish water demand:  

Closed water culture fisheries (Fish) water demand C2 = V+Ei+Si-R 

where,  

F= biological water requirement for capture fisheries will be derived from the equation: 
F= A (Surface area)*D (Water depth) 

V is the amount of water needed to fill the pond in a required length of time will be 
computed using the equation: V = A (Surface area)*D (Water depth) 

Ei is the amount of water needed to compensate for evaporation losses over period 
will be computed using the equation: Ei = A (Surface area)*E0 (Evaporation) 

Si is the amount of water needed to compensate for seepage loss over the period will 
be computed using the following equation: 

Si = A (Surface area)* S (Seepage rate) 

R = 80% dependable rainfall 

Fisheries water demand of the Indian side will be calculated following the same methodology 
adopted for Bangladesh.  

Environmental Flow 

Before assessing the environmental flow of rivers, the specific objectives have to be set out 
for ecological, economic and social reasons. There are a number of methods for the 
assessment of environmental flow of rivers; however, each approach is suitable only for a set 
of particular circumstances. There is no single best method for assessing the environmental 
flow of a river. Mainly the Tennant method of historic flow will be followed to assess the 
environmental flow requirements. The Tennant method for environmental flow assessment 
provides flow requirements as percentage of mean annual flow. 

4.5. Climate and population projections and scenarios  

The climate change module in MIKE Zero will be used to generate local climate change 
projections. Climate change model scenarios in the module are constructed based on the so-
called ‗delta change‘ factors. These delta change factors indicate how much a certain 
variable (e.g. precipitation) will change over time. The climate change scenario functionality 
of the module modifies time series data of precipitation, temperature and potential evapo-
transpiration according to the geographic location and the projection year. The change 
factors are a result of the climate models for various emission scenarios. The IPCC‘s Fourth 
Assessment Report includes results of a number of GCMs based on which predicted future 
changes for air temperature and precipitation are generated for a number of emission 
scenarios. The data are a function of the projection year. GCM models and emission 
scenarios available in the present version of MIKE Zero are presented in Table 4.1. 

The climate change factors are given as means for a number of 20 year time spans (2011 -
2030, 2046-2065, 2080-2099, 2180-2199 etc). A data set (precipitation, air temperature or 
anomalies) consists of up to 4 sets (for the projection year) of 12 monthly values per grid 
point per scenario for the above mentioned models and is available in the present version of 
MIKE Zero. 
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Table 4.1 GCMs and scenarios presently available in MIKE Zero module 

Model (GCM) Acronym Available Emission 
scenarios 

BCCR:BCM2  BCM2  A1B, A2, B1 

CCCMA:CGC M3_1 T-
63 

CGMR A1B 

CCCMA:CGC M3_1-T63  CGHR  A1B, B1 

CNRM:CM3  CNCM3  A1B, A2, B1 

CONS:ECHO-G  ECHOG  A1B, A2, B1 

CSIRO:MK3  CSMK3  A1B, A2, B1 

GFDL:CM2  GFCM20  A1B, A2, B1 

GFDL:CM2_1  GFCM21  A1B, A2, B1 

INM:CM3  INCM3  A1B, A2, B1 

IPSL:CM4  IPCM4  A1B, A2, B1 

LASG:FGOAL S-G1_0  FGOALS  A1B, A2, B1 

MPIM:ECHAM 5  MPEH5  A1B, A2, B1 

MRI:CGCM2_ 3_2  MRCGCM  A1B, A2, B1 

NASA:GISS-AOM  GIAOM  A1B, B1 

NASA:GISS-EH  GIEH  A1B, B1 

NASA:GISS-ER  GIER  A1B, A2, B1 

NCAR:PCM  NCPCM  A1B, A2, B1 

NIES:MIROC3 _2-HI  MIHR  A1B, A2, B1 

NIES:MIROC3 _2-MED  MIMR  A1B, B1 

UKMO:HADC M3  HADCM3  A1B, A2, B1 

UKMO:HADG EM1  HADGEM  A1B, A2, B1 

NCAR:CCSM3  NCCCSM  A1B, A2, B1 

4.6. Socio-economic assessment 

4.6.1. Aims and overview of analytical approach 

The overall project goal of the Bangladesh Integrated Water Resource Assessment (BIWRA) 
is to develop an integrated framework and assessment of how climate change impacts may 
affect water resource availability and food security, given baseline demographic and 
economic growth trajectories. The goal of the socioeconomic assessment is to understand 
how climate change impacts on water resources are transmitted through the economy and 
on the livelihoods of the poorest and most vulnerable The development of an integrated 
modelling framework will enable evaluation of how climate change adaptation, and water and 
agricultural sector investment and management may influence national social and economic 
wellbeing, rural livelihoods and the realisation of NWMP objectives. 

There are three key outcomes this research aims to achieve. The first is for this work to 
influence Bangladeshi policy discourse and contribute to the updating of the NWMP by the 
WARPO. Specifically, knowledge on water management and adaptation options generated 
through this project can aid Bangladeshi authorities to develop appropriate policy responses 
for the equitable and efficient allocation of water, and insure food security into the future. 
Secondly, areas will be identified where there is a coincidence of anticipated adverse 
impacts of climate change and the greatest potential for water management policy and 
practice to improve livelihoods (sustainable livelihoods case studies). The third outcome is to 
reinforce networks and knowledge exchange between CSIRO and Bangladeshi partners in 
the areas of climate change, and surface/ground water, socioeconomic and integrated water 
resources assessment.  

Overview 

The analytical approach involves three stages and operates at two levels - a macro or higher 
level analysis and a livelihood system analysis (details of the modelling frameworks are 
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provided in section 4.6.2). In the macro-level analysis, the Bangladeshi economy is projected 
to 2050, given assumptions about population and economic growth, export demand, world 
prices, etc. both in the absence of (baseline) and with climate change futures scenarios 
(policy experiment). Evaluation of the baseline enables consideration of how growth affects 
demand for water resources and if the estimated economic trajectory is one that enables 
food security targets to 2050 to be met. 

In a second scenario, climate change futures scenarios are imposed on the baseline. In 
these scenarios, it is expected that climate change will constrain supply of quality water 
resources, reduce overall land availability for cropping and pose additional challenges for 
meeting food security targets.  

The final scenario is in fact a suite of scenarios or experiments conducted to shed light on 
what policy levers and adaptation options will enable food security targets and other 
development objectives to be met. These levers may include increased surface water 
extraction to expand irrigated agricultural areas, investment in research and development of 
new, better adapted and higher yielding crop varieties, investing in agricultural 
mechanization, investment in other economic sectors, among other things. 

The second level of analysis is at the level of livelihoods, taking either the upazila or zila as 
the unit of analysis. Here, the sustainable livelihoods approach is operationalized to examine 
recent past, current and potential future livelihood assets, vulnerability and resilience. The 
aim of the livelihood assessment is two-fold. First we are interested in how the baseline 
macroeconomic projection and policy experiments affect livelihoods of the most vulnerable. 
To achieve this aim, explicit linkages between the macro-level analysis, climate and the 
livelihoods framework are established. Second, in examining the impacts of the suite of 
policy experiments on livelihoods, those regions where improved water management policy 
and practice may have the greatest net benefit may be identified; in other words, hotspots 
that may be targeted for future, more detailed analysis will be identified.  

4.6.2. Macro-level analysis 

An economy-wide computable general equilibrium approach  

A computable general equilibrium (CGE) model will be used to analyse the economy-wide 
impacts of climate change and adaptation options. CGE models provide a distinct advantage 
over other modelling frameworks offering a consistent theoretical lens for analysing trade-offs 
in policy options, enabling their assessment according to socioeconomic as well as 
environmental criteria (Banerjee & Alavalapati, 2010). They are able to shed light on 
distributional aspects of changes in policy (Buetre, Rodriguez, & Pant, 2003). CGE models 
offer a high degree of explanatory power where inter-sectoral and indirect linkages are 
important and resource availability is subject to constraints (Banerjee & Alavalapati, 2010). 
The wide scope of a CGE model makes it especially useful for evaluating impacts anticipated 
to have broad effects and result in significant changes in incomes in various sectors (Berck, 
Robinson, & Goldman, 1990). 

A CGE model is a theoretical structure of an economy comprised of equations relating 
demand and supply of commodities, factor inputs and intermediate inputs; prices are related 
to costs and factor and commodity market equations adjust to clear markets (P.B. Dixon, 
Parmenter, Powell, & Wilcoxen, 1992). Households maximize utility while producers 
maximize profit. At the core of a CGE model is a social accounting matrix (SAM). A SAM is a 
square matrix empirically describing the structure of production and the transactions that 
occurred between sectors, institutions and factors of production for a base year (Banerjee & 
Alavalapati, 2010). Data populating the SAM are derived from national accounts, household 
income and expenditure surveys and agriculture and industry surveys. The model is 
parameterized by calibration to the base year and the system of equations representing the 
economic system is solved simultaneously for the economic equilibrium (Bandara, 1991). 

Water as a factor of production, intermediate input or commodity is typically not 
disaggregated in a SAM. There are three primary approaches to assessing the 
socioeconomics of changes in water supply and demand. Where functioning water markets 
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exist and data on water accounts exist, water use in agricultural and industrial processes 
may often be disaggregated from capital in the national accounts data. In the absence of 
functioning water markets or unregulated use, water supply and demand shocks maybe 
implemented indirectly. A reduction in water supply, for example, could be implemented as a 
reduction in crop yield. In the case of the Bangladesh SAM, the second approach will be 
required  

Previous CGE applications to hydroeconomic modelling  

Although water-sector modelling, or hydroeconomic modelling, with CGE is considered a 
relatively new approach to water resources management and policy issues (Brouwer, 
Hofkes, & Linderhof, 2008), a significant body of work has been developed in a relatively 
short amount of time. One of the earlier examples is that of Berck et al (1990) who develop a 
model to evaluate water supply constraints in the San Joaquin Valley in the United States. In 
this regional model, water is disaggregated as a factor of production. Land is combined with 
water in fixed proportions to form irrigated land. These fixed proportions depend on the 
agricultural sector that will use irrigated land as an intermediate input. Land may shift in use 
from an intensive use such as growing fruits and nuts, to cropping and ultimately grazing. 
The implication of this is that good land may be converted to more marginal uses but not the 
other way around. Water is fixed in supply, mobile between sectors and water use 
coefficients are fixed by agricultural sector (Berck, et al., 1990). 

Berrittella et al (2007) evaluate the impact of groundwater scarcity in a context of 
international trade using the GTAP-W model. This model is the first of its kind as a global, 
multi-regional model where economic sectors use water as a factor of production. With a 
reduction in water supply, it is expected that the relative price of water-intensive goods will 
increase, shifting the competitiveness of some industries and inducing shifts in the terms of 
trade. In this modelling framework, output is a combination of value added, intermediate 
inputs and water, which are not substitutable. Water is used by agricultural sectors, livestock 
and a water distribution sector; water is immobile between agriculture and the water 
distribution sector. Regional water use is determined by a coefficient representing the 
amount of water required to produce a specific output. Crop water requirements include blue 
and green water where blue water is ground and surface water and green water is moisture 
stored in the soil. For the agricultural sector, water demand is the sum of water required for 
evapotranspiration from the time the crop is planted to when it is harvested. Water demand is 
differentiated by crop and region. In this model, irrigated and rain-fed agriculture are not 
distinguished (Berrittella, Hoekstra, Rehdanz, Roson, & Tol, 2007). In another application of 
this model, Berrittella et al (2006) investigate the economics of water pricing (Berrittella, 
Rehdanz, Roson, & Tol, 2006).  

Calzadilla et al (2011) use GTAP-W to evaluate the impacts of improvements in irrigation 
efficiency. Advances over the GTAP-W model used in Berrittella et al (2007) are two-fold: the 
model production structure differentiates between rainfed and irrigated agriculture, and; 
substitution possibilities exist between irrigation and other primary factors. In this model, 
water is combined with irrigable land, forming an irrigated land composite which is combined 
with other primary factors through a CES function to create value added. There are three 
types of land, namely pasture land, land for rainfed agriculture and land for irrigated 
agriculture. In the model, land for irrigated agriculture is considered more productive and 
therefore more costly than other types of land (Calzadilla, Rehdanz, & Tol, 2011). 

To obtain the value of water used for irrigation, Calzadilla et al (2011) begin from an 
interesting starting point. Land in national accounts data is defined as ―the ground, including 
the soil covering and any associated surface waters, over which ownership rights are 
enforced‖ (United Nations, 1993). Based on this definition, for each region and crop, the 
authors derive the value of rainfed land and the value of irrigated land according to its 
proportional contribution to output (Calzadilla, et al., 2011). To disaggregate the value of land 
and the value of irrigation from the value of irrigated land, the ratio of irrigated yield to rainfed 
yield is used. The value of pasture land is simply the value of land in the national accounts 
used by the livestock sector. The modelling framework does not consider domestic, industrial 
or environmental water uses. Calzadilla et al (2010) use GTAP-W to investigate potential 
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climate change impacts on global agriculture. The authors consider climate change impacts 
on river flow as a proxy for available irrigation water. Climate change effects on temperature 
and precipitation as well as CO2 enrichment are also considered in the modelling (Calzadilla, 
et al., 2010).  

Strzepek et al (2007) develop a model to estimate the economic value of reduced uncertainty 
in water supply with and without the High Aswan Dam which regulates the flow of the Nile 
River in Egypt. This model employs three-level nested technology where the top level is a 
constant elasticity of substitution (CES) function of value added and intermediate inputs. The 
second level is value added formed by a CES of factors and intermediate input, which itself is 
a Leontief of intermediate input. The third level is a fixed proportion combination of land and 
water entering as a factor of production in the second level of the nest.  

Diao and Roe (2003) consider how reducing market distortions may affect water allocation in 
Morocco. In the baseline, water is allocated to producers administratively and the price of 
water is below that of operating, maintenance and distribution costs. In simulations, a market 
for water is created by assigning property rights to the initial value of water used. Producers 
are then allowed to trade their water allocation. In simulating trade reform policies, in the 
absence of water markets, they find that reform causes the shadow price of water to fall in 
protected agricultural sectors. Simulating these policies with an active water market, farmers 
are enabled to earn extra income by trading water thus compensating farmers for any losses 
due to trade reform. Water allocation efficiency is also increased as a result of assigning 
property rights to water resources (Diao & Roe, 2003).  

Gomez et al (2004) also examine the potential welfare gains of developing a water market for 
the Balearic Islands. In this model, a water sector distributes water while a desalinization 
sector produces and distributes water, though with a different cost structure. Agricultural 
products may be produced by both irrigated and non-irrigated means, though they are 
treated as imperfect substitutes. Irrigation water is a Leontief function of water and energy. 
Results indicate an enhanced ability to adapt to drought when water markets are introduced 
and although agricultural output may be reduced as a result of tradable water rights, income 
through the sale of rights contributes and stabilizes rural incomes (Gomez, Tirado, & Rey-
Maquieira, 2004). 

Goodman (2000) develop a CGE model of the Colorado‘s southeast to compare the 
economic efficiency of investing in increasing reservoir storages to that resulting from 
temporary water transfers. Labour, capital, land and water are factors of production. From 
the original IMPLAN data set, land, water and capital incomes are disaggregated from ―other 
property income‖ in the data. The amount of water available for use in a given year is 
equated to the yield of water, water rights and the volume of stored water used less stored 
water for future use. Municipal water use may also include transfers from agricultural use. 
Water storage is modelled similar to capital stock accumulation where instead of 
depreciating, stored water is subject to evaporation (Goodman, 2000).  

Seung et al (2000) use a CGE and a recreation demand model to evaluate the economics of 
water reallocation from irrigated agriculture to the environment for recreational use. In this 
work, water rights are modelled as appurtenant to land and there are no crop substitution 
possibilities. Results of this reallocation indicate that increased non-agricultural, including 
recreation and tourism-sector output, was insufficient to compensate for the decline in 
agricultural production (Seung, Harris, Englin, & Netusil, 2000). 

The Center of Policy Studies (CoPS) has investigated various issues related to water 
scarcity, allocation and pricing. Horridge et al (2005) developed TERM, the bottom-up CGE 
model of Australia, where each region in the model is treated as a separate economy. 
Horridge et al (2005) compare the impact of one of Australia‘s most severe droughts (2002). 
The direct impact of the drought was simulated as agricultural productivity losses; these were 
calculated for each agricultural industry by region based on rainfall deficit figures (Horridge, 
Madden, & Wittwer, 2005). These direct output shocks were used as inputs into TERM to 
evaluate the indirect effects of the drought. 
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Wittwer (2003) modified TERM to include irrigation sectors, developing TERM-WATER. 
Since the cost of irrigation water is not detailed in Australian input-output tables, actual costs 
are assumed to be embedded in statistical survey data as a capital cost. Modifications to the 
TERM model included: adding a matrix of the quantity of water used by industry and region; 
assigning prices to water and including the cost of water in production; enabling substitution 
between water and a composite of non-water inputs, and; specifying the model such that 
water could be traded between agents as well as diverted to the environment. In this model, 
only the agricultural sectors use water (Wittwer, 2003). Building on the advances of TERM-
WATER, Dixon et al (2010) create a dynamic version of the model, TERM-H2O to evaluate 
the effect of a government buyback of irrigation water. This model also includes different 
types of land, namely dry land, un-watered irrigable land and irrigable land, which is Leontief 
of irrigable land and water. Seven of the 10 agricultural commodities may be produced on dry 
land, irrigated land or both (P. B. Dixon, Rimmer, & Wittwer, 2011).  

Kraybill (2002) develop a comparative static CGE to assess economy-wide impacts of 
reduced irrigation subsidies and an elimination of a rice tariff in the Dominican Republic. This 
model has a sector which combines surface water with intermediate inputs to form distributed 
water. This water is then either used as an intermediate input into production or is consumed 
by households. Water is owned by the government and rural households; ownership is 
determined by the ratio of the current water tariff to operating and maintenance costs of 
distribution. Water is not subject to trade and the subsidy on water is transferred to 
landowners (Kraybill, Diaz-Rodriguez, & Southgate, 2002). 

Lennox and Diukanova (2011) model the impacts of water supply constraints on irrigation 
considering both growing demand and a reduction in rainfall. In this model, water is an input 
into three agricultural activities. Both agricultural land and water resources are distinguished 
by region. Land is mobile between agricultural uses, with corresponding elasticities 
determining their mobility between uses. Rainfall is associated with land in fixed proportions 
for each sub-region. Irrigation water and rainfall are treated as imperfect substitutes. Unit 
costs of irrigation are assumed to increase as increasingly marginal land is brought into 
irrigated production. The value of rainfall is assumed to contribute to land rent; it is assumed 
that 25% of land rent is attributable to rainfall (Lennox & Diukanova, 2011). 

4.6.3.  A sustainable livelihoods assessment 

The third stage of analysis involves the development of a sustainable rural livelihoods 
approach for examining climate, economic and water supply changes on the livelihoods of 
the rural poor. As the livelihoods of rural farmers are some of the most vulnerable with 
regards to weather variability and climate change, impacts on the livelihoods of farmers are 
good candidates for consideration in the analysis.  

The sustainable livelihoods approach (figure 4.6.1), conceived in the late 1980s, provides a 
basic framework for analysis of the livelihood impacts of changes in policy as well as 
environmental conditions (Chambers, 1987, 1989; Swift, 1989). Given a particular 
vulnerability and governance context, a livelihood is comprised of the material and social 
assets, capabilities and activities that empower people to pursue livelihood strategies and 
achieve certain outcomes (Scoones, 1998). This framework aims to put people and their 
priorities at the centre of development (Carney, 1998) and seeks to identify the opportunities 
and most pressing constraints people face.  
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Figure 4.13 Livelihood assessment framework (DFID, 1999) 

The sustainable livelihoods framework views individuals as having access to various capitals, 
namely, natural, social, human, physical and financial capital (figure 4.6.1). Natural capital is 
the stock of natural resources and ecosystem services which directly provide benefit to 
individuals. Social capital comprises the social networks and influence available to an 
individual. Human capital is one‘s skills, knowledge, ability and health that enable them to 
pursue livelihood strategies. Physical capital includes one‘s access to infrastructure, 
transportation, energy and equipment. Financial capital represents access to savings and 
credit (Carney, 1998; Scoones, 1998). Livelihood outcomes can include increased income, 
well-being, food security and reduced vulnerability to shocks (Adato & Meinzen-Dick, 2002).  

Given a particular context of vulnerability and governance structure, the types and amounts 
of these capitals (i.e. livelihood assets) that people possess determine their adaptive 
capacity as well as their livelihood strategies and eventual outcomes. Substitutability of 
capitals allows individuals lacking a certain capital, to obtain the opportunities this capital 
provides by substituting it for another type of capital. Livelihoods are sustainable where 
people have sufficient capital to cope and recover from stresses and shocks. When 
individuals are empowered to increase their capital stocks, they can and work towards 
improving their livelihoods. Information on peoples‘ capital assets enables understanding 
how the specific mix of livelihood assets may constrain or provide opportunity.  

Application of the sustainable livelihoods framework sets individuals and social groups within 
a context of vulnerability. In the case of climate change, the Intergovernmental Panel on 
Climate Change (IPCC) characterizes vulnerability as a function of exposure, sensitivity and 
adaptive capacity (McCarthy & Intergovernmental Panel on Climate Change. Working Group 
II., 2001); in essence, it is the degree to which livelihoods are susceptible or unable to cope 
with climate change (Ebi, Kovats, & Menne, 2006). Exposure describes the type, magnitude 
and duration of exposure to changes in temperature, rainfall, increased flooding, sea level 
rise, greater frequency and intensity of storm events and saline intrusion, among other things 
(figure 4.6.2). Sensitivity is the degree to which a livelihood may be affected by exposure and 
involves consideration of biophysical and socioeconomic conditions. Adaptive capacity is an 
individual‘s ability to withstand or recover from climate shocks and is determined by one‘s 
capital assets and capital substitutability. The potential impact of climate change is a function 
of climate exposure and sensitivity. This potential impact is mediated by people‘s adaptive 
capacity and resilience which determines their vulnerability to climate change. An individual‘s 
stock of capital assets, set within a vulnerability and governance context determines what 
livelihood strategies are available to them (Carney, 1998). 
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Figure 4.14 Vulnerability to climate change (Bryan et al. 2009.) 

A livelihoods vulnerability context can be explained by existing trends, shocks and cultural 
practices (table 4.6.1). Some of these data may be collected through statistical compilations, 
while other issues require deeper exploration through interviews and surveys in the field. 
Analysis of important trends requires evaluation of the natural resources base, economic 
drivers, population dynamics, access to technology and political representation. Shocks 
include those that are projected to occur as a result of climate change, as well as conflicts 
over resource access. Understanding cultural influences is important as they may impact 
how assets are managed. In the case of the present analysis, the socioeconomic and 
biophysical trends identified in the first stage will enable characterization of the vulnerability 
context 

Table 4.2 Vulnerability analysis adapted from (Carney, 1998) 

 

 
Issue Indicators 

Trends   
Natural 
resources 

Trends in stock and quality of 
natural resource base 

Ground and surface water extraction, 
deforestation, air quality, biodiversity, soils 
and salinity 

Economics Economic trends and 
livelihoods 

Income and expenditure, prices 

Population Population dynamics Density, growth and migration 
Technology Technology Technologies in use, new technologies, 

acceptance of new technologies 
Governance Political representation Voting figures, support for local 

representatives, ethnicity, distance to seat 
of government 

Shocks   
Climate Linkages between climate and 

well-being 
Rainfall, temperature, storms, sea level 
rise 

Conflict Civil or resource conflicts Presence of conflict 

Culture   
 Cultural influences on 

management of assets and 
livelihoods 

Differences between different communities 
and regions that are unexplained 

The transforming structures and processes, or governance structure identified in figure 4.6.1 
are governments and other institutions, and the policies, laws, rules and incentives which 
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both can provide and constrain opportunities. These structures and processes define who 
may have access to assets as well as the effective value of the asset. Processes, or policies, 
determine which livelihood strategies are available and define the scope of potential 
livelihood outcomes (Carney, 1998).  

From a water resources perspective, following Nicol, (2000), understanding the governance 
structure involves knowledge of: 

• The institutions involved in the water resources management sector, their 
responsibilities, the scale at which they operate and how they are linked;  

• the key policies and programs that govern the sector and how rules are enforced and 
disputes managed; 

• how supply and demand are coordinated; 

• how customary institutions interact with formal institutions, and; 

• how social, political and cultural norms affect access to resources. 

To understand the livelihood impacts of changes in water supply, it is necessary to 
comprehend the relationships between livelihoods and water resources. A framework for 
assessment would consider the relationships between water and food security, household 
maintenance, how water is used in productive activities, and how it is used to maintain 
ecosystems. Of various natural capitals, emphasis would be placed on the seasonal 
availability of water. Physical capital would consider closely the means by which water is 
extracted. Financial capital would reflect the ability to purchase water while social capital in 
part is the potential to summon other capitals through the community and other networks to 
acquire water and/or to overcome social barriers to access. Finally, human capital includes 
the knowledge and capacity to learn how to deal with water scarcity or quality issues. Clear 
understanding of the nature and levels of these capitals, the vulnerability, and the 
governance context, allows linkages between the household, community and macro-level 
policy and institutional environments to be identified (Nicol, 2000). 

As an example, table 2 provides a preliminary framework for cataloguing farmer livelihood 
assets. Indicators for each asset type may be developed based on the available data from 
statistical databases such as Bangladesh‘s Statistical Yearbook (Bangladesh Bureau of 
Statistics, 2010), The Yearbook of Agricultural Statistics (Bangladesh Bureau of Statistics, 
2011a), The Zila level Agricultural Census (Bangladesh Bureau of Statistics, 2011b), the 
Economic Census (Bangladesh Bureau of Statistics, 2007a), and Reports on Household 
Income and Expenditure (Bangladesh Bureau of Statistics, 2007b).  

Table 4.3 Farmer Livelihood assets 

 
Natural Financial Human Physical Social 

Agricultural 
land 

Agricultural 
income 
 

Level of skill Ownership of 
irrigation 
pump 

Farmer‘s 
society 

Forest Other income Education Livestock Cooperative 
Wildlife 
 

Access to 
credit 

Health Technology 
Transportation 

 

Clean water     

     

Based on the livelihood analysis, various types of indices may be developed. These indices 
can be used to monitor how changes in the vulnerability context and governance affect 
livelihoods. These changes can result from climate shocks, the introduction of new 
technologies and policy dynamics. For assessing potential climate change impacts on 
livelihoods, special attention is given to issues of sensitivity and adaptive capacity as shown 
in figure 4.6.2.  
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Hahn et al (2009) develop a livelihood vulnerability index (LVI) to quantify household 
resilience to climate shocks and their capacity to adapt livelihood strategies to reduce 
impacts. This approach extends the livelihoods assessment framework to consider more 
thoroughly the aspects of exposure, sensitivity and adaptive capacity to climate change. The 
authors apply the LVI to compare vulnerabilities to climate change in two communities in 
Mozambique. The LVI comprises seven components. Household socio-demographic 
indicators determine household adaptive capacity while household health, food and water 
characteristics largely determine sensitivity to climate change. Data used to develop the 
index was collected from secondary sources as well as new household survey data. The 
authors use a balanced weighted approach such that each component makes an equal 
contribution to the value of the index (Hahn, Riederer, & Foster, 2009). 

A variation of this index could be developed, with an emphasis on water supply constraint 
impacts on farmer livelihoods, for the four case study regions in Bangladesh. The composite 
index may be disaggregated to identify those capitals in which households are deficient and 
those with low substitution possibilities, resulting in greater livelihood vulnerability to change. 
This information is useful for identifying and testing policy and management interventions. 
Hotspots of acute vulnerability may also be identified through comparison of index values 
between sites. Further study of livelihood assessment approaches will be conducted and in 
collaboration with our research partners, the approach ultimately pursued in this work will be 
defined. 

Key data inputs 

The analytical approach proposed here requires a significant amount of data, though most 
data appear to be available. To develop the baseline forecast, as well as for input into the 
livelihoods assessment, we are interested in historical and projected (spatial where possible) 
data for the following: 

 Demographic change 

 Economic growth and structural change 

 Factor productivity growth 

 Export demand 

 World prices 

 Consumer preferences 

 Employment 

 Income and expenditure 

 Health indicators 

 Education indicators 

 Sanitation/communication/transportation 

 Agricultural, industrial, urban and rural water demand 

 Poverty indices 

The baseline forecast will largely be generated based on the first 6 points above. 

The second scenario imposes climate change futures on the baseline forecast. The 
biophysical assessments will provide key parameters for analysis at the macro-level 
including:  

 Surface and groundwater availability, considering also diversions beyond 
Bangladeshi borders 

 Crop evapotranspiration and irrigation water demand 

 Variation in seasonal flooding 
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 Sea level rise 

Based on data availability and other constraints, water quality issues may be considered. It is 
anticipated that population and economic growth and climate change will have significant 
impacts on salinity, arsenic concentrations as shallow groundwater supplies are drawn down, 
as well as increased ingress of industrial and household effluent in water supplies. 

4.6.4. Integrating the biophysical with the socioeconomic and contributions of 
this work 

The overall integrating framework of the biophysical, economy-wide and livelihood analysis is 
presented in figure 4.6.3. The specific climate change and emissions scenarios to be 
modelled will be determined jointly with the biophysical modelling team. The details of these 
futures scenarios will provide input into the surface water, groundwater and crop modelling 
runs and will inform assumptions on potential sea level rise and annual flooding. 
Investigation of climate change impacts on the economy may then proceed with estimates of 
water supply constraints, changes in crop yield, cultivable area and the projected frequency 
of extreme events. The livelihoods assessment will then provide localized detail, enabling 
exploration of how economy-wide effects may be transmitted to the household level, the 
identification of hotspots and exploration of potential adaptation options both at the economy-
wide and livelihood level.  

 

 

Figure 4.15 Integration of biophysical and socioeconomic analysis 

Through the course of reviewing the literature and in the development of the basic analytical 
framework presented here, a number of areas were identified where the socioeconomic 
component of the Bangladesh Integrated Water Resources Assessment can make important 
and innovative contributions. The National Water Management Plan makes various 
projections of future water supply and demand, population dynamics, economic growth and 
demand for agricultural output among other things. Since the writing of the Plan, new 
information has become available that can be used to refine the existing projections and 
used as input in updating of the NWMP. 

Secondly, little prior research has been conducted on Bangladesh‘s ground water supplies 
and how these may be affected by projected climate change and increased demand. The 
biophysical component of this study looks at this water resource in much greater detail than 
in prior works. This groundwater assessment will be a key input into the socioeconomic 
assessment providing data on potential irrigation water supply constraints. An economy-wide 
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analysis of future climate change scenario impacts on agriculture which considers irrigation 
water supply constraints has not been conducted in previous work. With the increasing trend 
in the cultivation of boro rice, its reliance on groundwater supplies, and the groundwater draw 
down identified in the preliminary analysis all suggest that considering the economics of 
irrigation water supply constraints is an important area for investigation.  

Third, Bangladesh has clear goals for the future. Key targets include GDP growth of 10% by 
2017, reducing the number of those living under the poverty line to 15% by 2021 and insuring 
food security for all. Bangladesh is working towards providing its people with a standard of 
living similar to those of middle and high income countries by 2021. Through the surface and 
groundwater assessment of water supply constraints in futures scenarios and considering 
growing demand for agricultural, industrial and municipal water supply, this research is likely 
to identify gaps where future water supply is insufficient to meet future demand, given 
demographic trends and ambitious economic growth objectives. This analysis can inform 
targeted policy and management interventions with the aim of reducing the impacts of 
projected supply constraints.  

Finally, this work develops a livelihood analysis approach and vulnerability assessment with 
an emphasis on climate change futures scenarios on water supply and livelihoods. This 
approach is conducive for comparing livelihood vulnerability and adaptability to climate 
stressors across sites and through time. Understanding the portfolio of livelihood assets can 
indicate what capitals may be deficient and how they constrain or provide opportunity to 
increase resilience and how livelihoods may be improved. Future application of this method 
across a wider geographical range is useful for the identification of hotspots of vulnerability. 
Furthermore, a deeper understanding of livelihood vulnerability can guide targeted 
management interventions. 
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5. SURVEY OF EXISTING DATA 

5.1. Data requirements and availability 

A comprehensive list of data required to carry out the integrated assessment is given below.  

Climate data 

 Daily Rainfall, max & min temperature, average wind speed, max & min humidity, 
wind speed, sunshine hours/solar radiation, pan evaporation (if available). If hourly 
data is available for any of the meteorological station, it would be helpful.  

 Evapotranspiration by vegetation or crop type. 

 Future climate projection 

 Map/list of meteorological station in Bangladesh with following latitude, longitude and 
measurement height of climatic variable  

Hydrologic data 

 Surface water and ground Water use by sector– agricultural, domestic, urban and 
industrial 

 Groundwater level data (observation well monitored by the BWDB), Groundwater 
quality information, location map 

 National water table elevation data – dry and monsoon season if available. 

 Digital ground elevation data (so depths to groundwater from ground level can be 
constructed 

 Any maps or data on aquifer transmissivities (Ta, L2/t) or hydraulic conductivities (Ka, 
L/t) 

 Any maps or data on aquifer storage coefficients (dimensionless). 

 Any maps or data or data sources on estimates of recharge to groundwater.  

 Surface water and groundwater salinity data 

 River flow at different gauging stations 

 No of DTW & STW 

Soil properties 

 Data layers of soil type 

 Saturated hydraulic conductivities (Ks, m/d) 

 Saturated moisture content (θs , cm3/cm3) 

 Residual moisture content (θr , cm3/cm3) 

 Soil map with textural classes and other important soil properties 

Landuse and production 

 Land Use (Forest, Culturable waste, current fallow, net cropped area, area cropped 
more than once, area cropped more than once, residential/urban areas, permanent 
water bodies) (time series, district wise)  

 Irrigated area (separately for surface water and groundwater, and conjuctive use) 
under different crops,  

 Rice (Aus. Aman and Boro), wheat and other major crops (time series, grid/polygon 
maps, district wise) 

 Cropping calendar 
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 Export and import of food grains (rice and wheat) 

 Local and international food price 

 Area specific crop coefficient (if any) from lysimet/local studies in Bangladesh 

 Acreage, production and yield of rice, wheat and other major crops (spatial maps 
would be better) 

 RS images to estimate ET 

 Time series - Landsat 5 imagery 

 Time series Landsat7 (without scan line problem) 

 DEM (Digital Elevation Model) 

Basic GIS datasets 

 River/drainage network 

 Irrigation layout map 

 Canal command or irrigation district boundaries (finest available resolution) 

 Groundwater pump density (I guess exact local won‘t be available) maps for different 
irrigation districts or administrative boundaries 

 District boundaries 

 Projection parameters (to convert GIS datasets from geographic projection system to 
metric projection) 

National population demographic and economy trends 

 Population (rural, urban, by region, by gender, by age, by education level, proportions 
poor and very poor) 

 population growth rate (by district), population projection 

 Employment (rural, urban, by region, by gender, by major economic sector, 
proportions poor and very poor) 

 Per capita income (rural, urban, by region, by gender, by major economic sector, 
proportions poor and very poor) 

Food and agriculture 

 Output by major commodity + trends and projections (by region, irrigated / dryland 
proportions) 

 Area by major commodity + trends and projections (by region, irrigated / dryland 
proportions) 

 Value of product by major commodity + trends and projections (by region, irrigated / 
dryland proportions) 

 Water use in irrigation (surface and groundwater) by crop, region, by farm size 

 Productivity (yields per unit land), land area and water use differences by farm sizes 
types 

 Food net export/ import by major commodity – trends 

 Fish as percent calories /protein (by region, for poor and very poor) 

Household water supply, demand and sanitation 

 Household supply by type of source (tubewell – shallow groundwater, deep 
groundwater, surface water, reticulated water) – by region & rural / urban, and for 
poor and very poor sub-population 
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 Household supply (avg litres per household) – by region & rural / urban, and for poor 
and very poor sub-population 

 Household supplies at risk from arsenic - by region & rural / urban, and for poor and 
very poor sub-population 

 Household sanitation – proportion latrines, piped sewerage - by region & rural / 
urban, and for poor and very poor sub-population 

Industrial water supply, demand, discharge 

 Industrial water demand – by region & rural / urban and source (groundwater, surface 
water) 

 Industrial effluent – by region & industry (proportion treated, untreated) 

 Water related risks - Flooding, drought, inundation, siltation: exposure, adaptation, 
adaptation costs 

Areas and populations currently at risk of: 

 land at risk from inundation (by region and land type – agricultural, village, city – by 
inundation frequency) 

 recent land losses (avg annual or in certain events) from bank slumping (by region 
and land type – agricultural, village, city) 

 groundwater salinity above thresholds for drinking and irrigation (by region and land 
type – agricultural, village, city) 

 irrigated land and household water supply at risk in recent droughts  

 costs of siltation dredging operation 

 costs of deep tubewells for drinking water 

 costs of household sanitation provision 

Following are the possible primary and secondary sources of the data listed above. 

 WARPO database 

 BWDB database 

 IWM 

 CEGIS 

 BIDS 

 Bangladesh Bureau of Statistics (BBS) 

 Meteorological Department of Bangladesh 

 SAARC Agricultural Information Centre 

 Soil Resources Development Institute (SRDI) 

 Institute of Water and Flood Management (WFM)  

5.2. Key socioeconomic studies 

This section provides a brief synopsis of key studies and data sources related to the 
socioeconomic assessment that have been consulted to date. 

1. Programmes Containing Measures to Facilitate Adaptation to Climate Change of the 
Second National Communication Project of Bangladesh. (Center for Environmental and 
Geographic Information Services and Center for Global Change, 2011) 
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This comprehensive report provides detailed country context, development scenarios in 
terms of population growth and dynamics, GDP, food demand (rice, wheat, maize, other 
cereals, pulses, oil crops, potatoes and other roots), and labour force growth until 2050. 
Historical climate trends are analysed and climate change scenarios are presented. 
Vulnerability to water scarcity/drought, flooding, salinity, storm surge and cyclones, river 
erosion and accretion are assessed. Climate change impacts on crop production, fisheries 
resources, livestock, health and ecosystems are evaluated, as is infrastructure vulnerability. 
Potential adaptation strategies are discussed. 

2. Outline Perspective Plan of Bangladesh 2010-2021, Making Vision 2021 a Reality. 
(Planning Commission, 2010) 

This government report presents Bangladesh‘s vision, goals and strategies for 2021. Key 
targets include achieving a GDP growth rate of 8% by 2013 and 10% by 2017; reduce those 
living under the poverty line to 15% by 2021 (25 million under the poverty line); insure a 
minimum of 2,122 kilocalories per person per day by 2021; ensure 100% enrolment at the 
primary level, provide free tuition for degree-granting institutions after 2013 and full literacy 
after 2014; attain food self-sufficiency by 2012; insure the population has liveable 
accommodations after 2015; the entire population should have access to clean water and 
sanitation as soon as possible after 2011 and 2013, respectively; increase life expectancy to 
70 years by 2021; reduce maternal mortality to 1.5% and increase the use of birth control to 
80%; reduce infant mortality to 15 per thousand by 2021; economic restructuring such that 
agriculture, industry and services contribute 15%, 40% and 45% of GDP by 2021; Reduce 
unemployment to 15% and restructure employment such that agriculture, industry and 
services employ 30%, 25% and 45% of Bangladeshis by 2021, and; be prepared to meet 
expected electricity demand of 20,000 megawatts by 2021. By 2021, the plan aims for 
Bangladesh to achieve a standard of living similar to those of middle and high income 
countries. 

3. Poverty, Intra-Household Distribution and Gender Relations in Bangladesh- Evidence and 
Policy Implications. (Razzaque, Khondker, & Raihan, 2011) 

Using intra-household distributional data, Raihan and Khondker‘s chapter develop a CGE 
nano-simulation approach. The authors explore intra-household impacts of a removal of 
import tariffs finding differential impacts on women, children and men in the household with 
adult women and children bearing the greatest share of the adjustment burden in the form of 
reduced real consumption. 

4. Climate Change Risks and Food Security in Bangladesh. (Yu, et al., 2010)  

This research develops an integrated modelling framework to assess climate impacts on the 
economy and households. Climate change impacts on crop yields for three types of rice and 
wheat are used as inputs into a dynamic CGE. These yield losses are the result of changes 
in temperature, rainfall, CO2, and mean flood events. In addition to these impacts, lost land, 
capital and productivity growth during extreme events, the frequency of these events and lost 
cultivable land from sea level rise are also considered in the modelling framework. 

5. Investigating the Impact of Relative Sea Level Rise on Coastal Communities and their 
Livelihoods in Bangladesh. (Institute of Water Modelling and Center for Environmental and 
Geographic Information Services, 2007): 

• Sea level rise impacts on inundation, water logging, drainage congestion, salinity 
levels and extents for Bangladesh‘s coastal region (2020, 2050, 2080) 

• population projections, and; 

• adaptation options. 

6. Program Development Office for Integrated Coastal Zone Management Plan. (Program 
Development Office for Integrated Coastal Zone Management Plan, 2004): 

• Qualitative characterization of livelihoods in Bangladesh‘s Coastal Region, and; 

• demand projections of jobs, schools, sanitation facilities and hospital beds. 
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7. Vulnerability and adaptation to climate change for Bangladesh. (Huq, 1999): 

• Climate change scenarios for 2030 and 2075 to project changes in temperature, 
precipitation, inundation, sea level rise and agricultural sector impacts of changes in climate 
and salinity. 

 

8. Statistical Yearbook of Bangladesh 2009. (Bangladesh Bureau of Statistics, 2010) 

The statistical yearbook compiles time series data of key socioeconomic and demographic 
indicators. The fourth decennial population census in 2001 enumerated the population at 
124.35 million with 23.52% of the population in urban areas and 76.47% in rural areas. As of 
July 31, 2010, Bangladesh has 7 Divisions, 64 Zilas, 309 Municipalities and 481 Upa zilas. 
Inter-census growth was estimated at 1.58% per annum. Assuming a medium variant of 
declining fertility and mortality, the population was estimated to reach 145.46 million in 2011. 
Population density in 2001 was estimated as 843 per km². Major population centres of 
Bangladesh are Dhaka (5.33 million), Chittagong (2.02 million), Khulna with 0.77 million and 
Rajshahi with 0.38 million in 2001. 

Bangladesh‘s largest sector is agriculture, contributing 22% of its GDP and responsible for 
48.1% of employment. It is postulated that Bangladesh‘s GDP is largely driven by the 
performance of the agricultural sector. Rice, jute, sugarcane, potato, pulses, wheat, tea and 
tobacco or Bangladesh‘s main crops. Fish is significant and is harvested not only from 
marine environments, but from rivers, canals, tanks, and low lying areas and rice paddy 
fields that remain inundated for up to 6 months of the year. Bangladesh also has large 
reserves of natural gas with 17 fields discovered to data. This resource is used to generate 
power and for industrial and domestic uses. 

Bangladesh‘s predominant non-agricultural industries are ready-made garments, cotton, 
textiles, pharmaceuticals, fertilizer, wood products among others. The manufacturing sector, 
predominantly the ready-made garments subsector, contributes 17% of Bangladesh‘s GDP. 

Key indicators include: 

Literacy rates by zila; birth and infant mortality rates; life expectancy; type of dwelling; toilet 
facilities; source of drinking water; lighting; radio, TV and means of transport; fuel; electricity; 
major storms and losses; sectoral shares and growth rates; value added and weights of 
different crops; land-use- forest/cropped- single, double and triple/fallow; irrigation methods; 
acreage/production/yield of crops by district; livestock and poultry production; land 
ownership; forest plantings and production; inland and marine fish catch; shrimp and fish 
farms; quantum indices of industrial production; labour productivity by industry; price indices; 
wages and employment by industry; energy production and consumption; transport and 
communications; balance of payments/exports/imports; prices and wages; national income; 
education, health, family planning; per capita goods consumption; national food balance; 
household income and expenditure; distribution of consumption between food, clothing, 
housing etc.; incidence of poverty. 

9. Yearbook of Agricultural Statistics in Bangladesh 2010. (Bangladesh Bureau of Statistics, 
2011a) 

Data on 124 crops is compiled including crop acreage and production, damage, weather, 
agricultural inputs (seed, fertilizer, labor and irrigation), land holdings, livestock, fisheries and 
forestry data, prices and import-export statistics. 

10. Census of Agriculture 2008, Zila Series (Dinajpur). (Bangladesh Bureau of Statistics, 
2011b) 

This agricultural census at the level of Zila provides detail on households, land ownership, 
tenancy, financing, land use, cropping, irrigation, livestock and poultry, animal deaths, 
employment by farm size, equipment such as tractors, and pumps. 
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11. Economic Census 2001 & 2003, Zila Series (Khulna). (Bangladesh Bureau of Statistics, 
2007a) 

This decennial economic census was conducted in 2001 in urban areas and 2003 in rural 
areas. The first non-farm economic activity census was conducted in 1986. Data collected 
includes numbers of establishments, employment by establishment, size of establishments, 
education level of head of establishment, fixed assets and use of inputs. 

12. Preliminary Report on Household Income and Expenditure Survey 2010. (Bangladesh 
Bureau of Statistics, 2011c) 

This Household Income and Expenditure Survey has compiled socioeconomic characteristics 
such as income, expenditure, consumption and poverty, of Bangladesh since 1973-74. The 
Cost of Basic Needs approach is used to calculate the poverty line and has been used since 
1995 enabling time series comparison. The report provides information on household size, 
demographics, housing structures, drinking water supplies, electricity, toilets, school 
enrolment, the poverty line, literacy rates, nominal income and nominal expenditure. Data on 
food intake, calories per capita per day, the incidence of poverty, households receiving social 
services, number of disabled people, percent of households reporting migration, loans and 
financing by household. 

13. Report of the Household Income and Expenditure Survey 2005. (Bangladesh Bureau of 
Statistics, 2007b) 

This report from 2005 contains the same categories of information as (Bangladesh Bureau of 
Statistics, 2011b) though has additional detailed reporting tables.  

14. National Water Policy and Bangladesh‘s National Water Management Plan. (Water 
Resources Planning Organization, 2001). 

Bangladesh‘s National Water Policy‘s aims are to: 

• address issues related to surface water and groundwater, manage these resources 
efficiently and equitably and ensure availability 

• accelerate the development of public and private water delivery systems  

• develop appropriate water rights and pricing systems 

• decentralise the management of water resources with an appropriate legal and 
regulatory environment 

• improve the climate for private sector investment in the water sector, and; 

• achieve water management objectives through broad public participation. 

There are three primary objectives of the National Water Management Plan which are closely 
aligned with these national goals, aiming to rationally manage water resources, improve the 
quality of people‘s lives by providing safe and reliable access to water for production, health 
and hygiene, and insure that there is water of sufficient quality for all uses including 
ecosystems (Water Resources Planning Organization, 2001). To implement the six pronged 
policy, WARPO has identified the need for a comprehensive implementation package which 
includes the development of a Water Resources Act, a regulatory framework for private 
sector participation, institutional development and strengthening at all levels, consultation 
and participation of beneficiaries in water-schemes, decentralization of management and 
operations of water schemes to local government and groups, and private sector 
participation in the development, financing, management and operation of water schemes. 

Specific measures in addition to governance and private sector participation in 
implementation include: 

• improving the efficiency of surface and ground water use 

• make safe and affordable drinking water readily available 

• insure multi-purpose development and use of the water from main rivers 
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• maintain navigation channels and drainage 

• flood-proof systems for the management of natural disasters and provide protection 
from flood 

• preserve land through river training and erosion control 

• reclaim land 

• develop mini-hydropower and recreational facilities, and; 

• protect the environment and insure consistency with the National Environmental 
Management Action Plan.  

A number of gaps in knowledge have been identified in the NWMP. The implications of 
climate change are a key concern. Information on the implications of irrigating with arsenic-
contaminated water and cost-effective mitigation measures in the immediate and long-term 
are sought. Ground water utility could be further explored as it is largely dependent on the 
level from which it is pumped and potential sustained yield. Natural environmental water 
requirements are a concern, particularly with changing salinity and increased pollution. Key 
indicators and thresholds of environmental health are lacking.  

The Plan also expresses the need for a shared long-term view for water management among 
the basin countries. Devolution and decentralization of management of water resources and 
services is central to the Government‘s water policy directive. Efforts to develop and test 
options for decentralization of services in flood control management, drainage schemes and 
water supply are critical. Also central to the water policy directive is increased private sector 
participation. Potential benefits of private sector participation for improving efficiencies and 
gain access to resources requires additional research (Water Resources Planning 
Organization, 2001). 

Volume 1 of the Plan is the Executive Summary. Volume 2 presents policy related to water 
management, the plan baseline, the water sector strategy, current development activities, an 
overview of the plan, the institutional and enabling framework, the investment portfolio, risk 
management, and a monitoring and evaluation plan. Volume 3 presents a detailed version of 
the investment portfolio. Volume 4 is a summary of regional plans while Volume 5 offers 
additional supporting information including the National Water Policy. 

Appendices to the NWMP contain additional detail in some key areas of interest to the 
socioeconomic analysis: 

• Annex B: Population, economic growth, rice, wheat, fish and water demand 
projections (2025 or 2050) 

• Annex C: Land and water resource demand projections 

• Annex J: Internal and external drivers of change, future economic and industrial 
growth, demand for foodgrain, economic issues around water management, 
agricultural output, input and production costs and returns, returns to water use and 
water sector interventions 

Detailed calculations for the above annexes may be found in: 

• Annex C, Appendix 1: Land use (detailed) 

• Annex C, Appendix 2: Current and projected demands and cropped areas of select 
crops (until 2025 or 2050) 

• Annex C, Appendix 5: Domestic, commercial, industrial, evaporative and in-stream 
water demand (until 2025) 

• Annex C, Appendix 6: Overview of groundwater resources and limits/constraints (not 
projected) 

• Annex C, Appendix 7: Surface water resources and trans-boundary flows (not 
projected) 
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• Annex C, Appendix 8: Arsenic  

• Annex J, Appendix 1 and 2: Population projections by Division and District (until 
2025) 

• Annex J, Appendix 3: Per capita demand projections for wheat, rice and fish (2025); 
see also Annex M, Appendix 1 

• Annex J, Appendix 7: Irrigation costs and returns; see also Annex M, Appendix 2 

• Annex L, Appendix 1: Small deep tube well costs of investment and operations and 
maintenance 

• Annex N, Appendix 3: Water supply options 

15. National Food Policy. (Ministry of Food and Disaster Management, 2006) 

Bangladesh‘s National Food Policy aims to ensure adequate and reliable supply of nutritious 
food and enhance the peoples‘ purchasing power to enable greater access to food.  

16. Country Investment Programme. (Government of Bangladesh, 2011). 

Following the National Food Policy (Ministry of Food and Disaster Management, 2006) to 
improve food security, the Government of Bangladesh has developed a Country Investment 
Programme consisting of 12 priority investment areas to increase and diversify food 
availability and improve access and nutritional security. These programme areas include 
integrated agricultural research and extension, improved water resources management and 
irrigation infrastructure, market access and institutional development  

17. Climate Change Strategy and Action Plan. (Ministry of Environment and Forests, 2009) 

Bangladesh is a country prone to natural disaster and has expended considerable effort in 
mitigating and adapting to the risks of floods, cyclones, storm surges as well as drought. With 
projected climate change only expected to exacerbate these risks, a key pillar of the 
Bangladeshi government‘s platform is to further mitigate and adapt to these risks through the 
country‘s Climate Change Strategy and Action Plan. This Plan is guided by 6 principles: 
insuring the most vulnerable have food security and social services, strengthen the country‘s 
disaster management system and related infrastructure, invest in research and knowledge 
management, implement low carbon development options and capacity building and 
institutional strengthening. The plan provides a spatial assessment of vulnerability to climate 
change impacts such as storm surge and inundation (maps by CEGIS). 

18. Poverty Reduction Strategy Paper. (International Monetary Fund, 2005) 

Bangladesh‘s Poverty Reduction Strategy Paper identifies four strategic blocks to reduce 
poverty given current structural socioeconomic and environmental features of the country, 
namely: enhancing pro-poor growth, concentration on key sectors with the greatest potential 
for economic growth, design and implementation of appropriate social safety nets and social 
programmes, and insuring the social development of Bangladesh‘s people.  

5.3. Data gaps 

The models will be selected based on the availability of the data. Reasonable estimates, 
assumption and expert opinions will be used for some missing parameters if plausible. If key 
data are missing for use in a certain model, then an alternative approach will be preferred 
rather than using a model with incorrect input. Gaps in the data will be filled in (if necessary) 
using standard procedures. 



 69 

6. FIELD TRIP, STAKEHOLDER WORKSHOP AND OPENING 
CEREMONY 

6.1. Field trip 

As part of the familiarization of water resources issues at the field level, a study tour was 
organized by IWM during 5th to 10th December 2010. The CSIRO participants on this tour 
were Mac Kirby, Mohammed Mainuddin, Luis Rodriguez and Jeff Turner. During the tour, the 
team visited some of the potential hotspots related to water resources management in the 
north-west and south-west Bangladesh. These include:  

1. Flow measurement and channel survey at the Jamuna River near Jamuna Bridge 
area and Flood embankment to protect Sirajganj Town from the erosion of the 
Jamuna River. 

2. Groundwater irrigation, surface water irrigation and village water supply schemes of 
Barind Multipurpose Development Authority.  

3. Ganges-Kobatak Irrigation Project‘s (GKIL) pumping station. GKIP is the largest 
surface water irrigation project in Bangladesh. It was closed for many years during 
the late eighties and early nineties due to shortage of flow in the river because of 
upstream diversion near the Farakka Barrage. 

4. River dredging at Gorai offtake. The Gorai is a distributary of the Ganges (called the 
Padma in Bangladesh) which has silted up and naturally barely flows.  

5. Wheat Research Institute of Bangladesh Agricultural Research Institute where 
several Australian Centre for International Agricultural Research (ACIAR) funded 
experimental studies of soil moisture conservation studies are going on. 

6. Sunderbans area, a world heritage area of coastal mangrove forests, under some 
threat of salinisation and cyclone / storm surges. The main issue is the preservation 
of natural habitat, and the development of eco-tourism. 

7. Three coastal polder areas (polders 30, 31 and 33). One of these polders was 
devastated by a cyclone and storm surge two years ago: the surrounding dyke gave 
way in many places and the polder was flooded with sea water.  

8. The Padma Bridge area (which is to be constructed soon over the river 
Padma/Ganges; the length of the bridge will be about 6.5 km) 

A detailed report on the field trip including the issues the regions is given in Appendix B. 

6.2. Stakeholder workshop 

A stakeholder workshop was organized on the 13th of December 2010 at the Anand 
Restaurant near the IWM office. About 50 people representing the key organisations in the 
water sector attended the workshop. The list of participants, their affiliation and contact 
details are given in Appendix C. The workshop was a mixture of presentations from the 
project team and general discussion amongst the stakeholders and project participants. The 
discussion was lively and engaged throughout, with a number of suggestions, but no major 
change of direction, for the project team. Suggestions included participation of other 
stakeholders, collaboration with various groups over particular issues (for example, the 
analysis of country-wide ET using satellite images is of interest to several groups beyond the 
study team, and a collaborative group will is likely to  emerge), accessing information 
sources to help the studies (for example, some previous work on recharge modelling which 
may inform our groundwater studies), and visiting other regions (the north east was 
mentioned particularly). It was a very successful workshop.  
 
A respected English daily newspaper published the news of the stakeholder workshop which 
is provided in Appendix C. 
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6.3. Opening Ceremony 

The project was launched at a ceremony in the Aristocrat Hotel in Gulshan, Dhaka on the 
27th of July, 2011. There was a ceremonial signing of agreements between CSIRO, IWM, 
BIDS and CEGIS. The Honourable Secretary of the Ministry of Water Resources, Shaikh Md 
Wahid-uz-Zaman, launched the project and in his opening address, said the Bangladesh 
Integrated Water Resources Assessment (BIWRA)  is an important study which aims to 
answer vital questions about the security of water in Bangladesh. Director General of the 
BWDB Mr Habibur Rahman, Director General of WARPO Mr Mokbul Hossain, Director 
General of BIDS Dr Mustafa K Mujeri, Executive Director of IWM Prof Dr Monwar Hossain 
and Executive Director of CEGIS Mr Giasuddin Ahmed Choudhury also spoke on the 
occasion. Some photos from the launch are provided in Appendix D. 
 
The launch was reported by Bangladesh‘s main independent news agency, BNP 
(http://www.unbconnect.com/component/news/task-show/id-54174) . Many daily popular 
newspapers also reported the project launching ceremony (please see Appendix D). The 
short speeches by the Secretary, Ministry of Water Resources, and the heads of the 
Bangladeshi partner organisations were all very encouraging. It was learnt during the 
ceremony that the update of the National Water Management Plan now had secured funding. 
There is clearly high level interest in the project feeding into the update. Project Leader, Mac 
Kirby also gave an interview reported at: http://www.unbconnect.com/component/news/task-
show/id-54362. 
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7. OTHER ACTIVITIES 

7.1. Study tour of BWDB, WARPO and MoWR officials to Australia 

As part of the exchange of experiences, 6 mid to senior level officials from BWDB and 
WARPO (3 from each organization) and one official from the Ministry of Water Resources 
(MoWR) will tour Australia for 10 days (inclusive of travel days). The time of the tour will be 
decided at mutually agreed time between CSIRO and the organizations and is likely to be 
sometime in March-April 2012. The schedule of the study tour will be finalized later. 
However, the schedule may include visit to the following places: 

 Murray-Darling Basin Authority (MDBA) 

 Department of Sustainability, Environment , Water, Population and Communities 
(SEWPAC) 

 National Water Commission 

 Murrumbidgee Irrigation Ltd 

 Snowy- Hydro 

 Sydney Water Corporation 

7.2. Capacity building 

Capacity building will be mainly through working together with the collaborators. There are 
opportunities for both CSIRO scientists and the scientists from local collaborators to learn 
from each other in the area of integrated modelling, climate data analysis and projection, 
surface water and groundwater modelling, socio-economic analysis and modelling, etc. 

7.3. Linkage to other projects and plan 

The outputs are also intended for use by AusAID and other development agencies in water 
related initiatives like those under the HySaWa fund (http://www.hysawa.org/), initiated by 
DANIDA and the government of Bangladesh, and currently supported by AusAID. It will also 
complement another project (salinity and water management for intensifying cropping in 
coastal areas of Southern Bangladesh in a climate change environment) currently being 
scoped with ACIAR to investigate conjunctive groundwater – surface water use in agriculture 
in the coastal region. The proposed project will also complement the Bangladesh component 
of ACIAR‘s new climate adaptation project LWR/2008/019 – Developing multi-scale climate 
change adaptation strategies for farming communities in Cambodia, Laos, Bangladesh and 
India. Linkages may also be possible to several donor and government funded projects 
initiated and on-going by the collaborating local organizations.  

7.4. Proposal for further studies 

One of the potential hotspot area related to water management is the coastal area of 
southern Bangladesh. The region has 123 embanked polders (14, 000 Km2) to protect the 
land from saline water and to increase crop production. Embankments protect (to some 
extent) direct intrusion of saline surface water inside the polders. However, coastal zone 
groundwater is affected by salinity, which tends to express itself towards the beginning to 
middle of dry season. A project has been developed and submitted to ACIAR for funding to 
improve the livelihoods of farming households in southern Bangladesh by developing and 
disseminating improved polder-scale and farm-scale water management and cropping 
options suitable for salinity affected areas that are adapted to projected climate change. The 
project has the following objectives: 

1. To determine regional salt balances and water balances / fluxes in southern 
Bangladesh and assess future salinity trends 
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2. To conduct polder-scale salt and water modelling to identify improved management 
regimes to manage salinity intrusion backed by field observation of the dynamics of 
saltwater penetration and exchange between groundwater and surface water 

3. To evaluate and disseminate farm scale crop, nutrient and water management 
options to capable of mitigating field level salinity impacts 

4. To develop and disseminate integrated salinity management strategies 

This proposed study can be considered as a follow-on detailed study on this hotspot which is 
one of the key outcomes of the current BIWRA. 
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APPENDIX A: LIST OF LANDSAT IMAGES 

 

Figure A.1 Reference frame of Landsat satellite image 

 

Table A.1 List of available Landsat Images (all band is available) 

Path/Row Date Sensor 

136/43 5-Jan-89 Landsat 5 TM 

136/44 5-Jan-89 Landsat 5 TM 

136/45 5-Jan-89 Landsat 5 TM 

139/43 10-Jan-89 Landsat 5 TM 

137/43 12-Jan-89 Landsat 5 TM 

137/44 12-Jan-89 Landsat 5 TM 

137/45 12-Jan-89 Landsat 5 TM 

135/45 14-Jan-89 Landsat 5 TM 

138/42 19-Jan-89 Landsat 5 TM 

138/43 19-Jan-89 Landsat 5 TM 

138/44 19-Jan-89 Landsat 5 TM 

138/45 19-Jan-89 Landsat 5 TM 

136/43 21-Jan-89 Landsat 5 TM 

136/44 21-Jan-89 Landsat 5 TM 

136/45 21-Jan-89 Landsat 5 TM 

137/43 28-Jan-89 Landsat 5 TM 

137/44 28-Jan-89 Landsat 5 TM 

137/45 28-Jan-89 Landsat 5 TM 
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137/43 13-Feb-89 Landsat 5 TM 

137/44 13-Feb-89 Landsat 5 TM 

136/43 22-Feb-89 Landsat 5 TM 

136/44 22-Feb-89 Landsat 5 TM 

136/45 22-Feb-89 Landsat 5 TM 

136/44 22-Feb-89 Landsat 5 TM 

138/42 8-Mar-92 Landsat 5 TM 

138/43 8-Mar-92 Landsat 5 TM 

137/44 2-Apr-92 Landsat 5 TM 

139/43 13-Jan-93 Landsat 5 TM 

137/44 15-Jan-93 Landsat 5 TM 

138/43 11-Mar-93 Landsat 5 TM 

138/43 25-Jan-94 Landsat 5 TM 

138/42 25-Jan-94 Landsat 5 TM 

138/43 28-Jan-95 Landsat 5 TM 

138/42 28-Jan-95 Landsat 5 TM 

137/45 9-Feb-96 Landsat 5 TM 

137/44 9-Feb-96 Landsat 5 TM 

138/44 16-Feb-96 Landsat 5 TM 

138/45 16-Feb-96 Landsat 5 TM 

136/44 24-Dec-98 Landsat 5 TM 

138/42 23-Jan-99 Landsat 5 TM 

138/43 23-Jan-99 Landsat 5 TM 

137/44 1-Feb-99 Landsat 5 TM 

137/45 1-Feb-99 Landsat 5 TM 

137/44 1-Feb-99 Landsat 5 TM 

137/45 1-Feb-99 Landsat 5 TM 

138/44 8-Feb-99 Landsat 5 TM 

138/45 8-Feb-99 Landsat 5 TM 

138/44 8-Feb-99 Landsat 5 TM 

138/45 8-Feb-99 Landsat 5 TM 

138/42 19-Feb-00 Landsat 7 ETM 

138/43 19-Feb-00 Landsat 7 ETM 

137/44 9-Oct-00 Landsat 7 ETM 

136/44 14-Jan-01 Landsat 5 TM 

138/42 28-Jan-01 Landsat 5 TM 

138/43 28-Jan-01 Landsat 5 TM 

138/45 28-Jan-01 Landsat 5 TM 

138/44 28-Jan-01 Landsat 5 TM 

137/45 29-Jan-01 Landsat 7 ETM 

137/44 29-Jan-01 Landsat 7 ETM 

139/43 4-Feb-01 Landsat 5 TM 

138/43 20-Nov-01 Landsat 7 ETM 

136/44 9-Jan-02 Landsat 7 ETM 

136/45 9-Jan-02 Landsat 7 ETM 

137/44 1-Feb-02 Landsat 7 ETM 

137/45 1-Feb-02 Landsat 7 ETM 

138/42 24-Feb-02 Landsat 7 ETM 

138/43 24-Feb-02 Landsat 7 ETM 

139/43 19-Mar-02 Landsat 7 ETM 

138/43 28-Mar-02 Landsat 7 ETM 

138/44 28-Mar-02 Landsat 7 ETM 

138/43 13-Apr-02 Landsat 7 ETM 

137/43 3-Jan-03 Landsat 7 ETM 

137/44 19-Jan-03 Landsat 7 ETM 

137/45 19-Jan-03 Landsat 7 ETM 
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135/45 21-Jan-03 Landsat 7 ETM 

135/46 21-Jan-03 Landsat 7 ETM 

138/42 26-Jan-03 Landsat 7 ETM 

138/43 26-Jan-03 Landsat 7 ETM 

138/44 26-Jan-03 Landsat 7 ETM 

136/43 28-Jan-03 Landsat 7 ETM 

136/44 28-Jan-03 Landsat 7 ETM 

136/45 28-Jan-03 Landsat 7 ETM 

138/45 11-Feb-03 Landsat 7 ETM 

139/42 6-Mar-03 Landsat 7 ETM 

139/43 6-Mar-03 Landsat 7 ETM 

137/44 24-Mar-03 Landsat 7 ETM 

138/43 18-Nov-03 Landsat 5 TM 

138/42 4-Dec-03 Landsat 5 TM 

137/44 13-Dec-03 Landsat 5 TM 

138/43 4-Nov-04 Landsat 5 TM 

138/44 4-Nov-04 Landsat 5 TM 

138/45 4-Nov-04 Landsat 5 TM 

137/43 29-Nov-04 Landsat 5 TM 

137/43 15-Dec-04 Landsat 5 TM 

137/43 31-Dec-04 Landsat 5 TM 

138/43 7-Jan-05 Landsat 5 TM 

138/45 7-Jan-05 Landsat 5 TM 

137/43 16-Jan-05 Landsat 5 TM 

137/44 16-Jan-05 Landsat 5 TM 

137/45 16-Jan-05 Landsat 5 TM 

138/42 7-Nov-05 Landsat 5 TM 

138/43 7-Nov-05 Landsat 5 TM 

138/44 7-Nov-05 Landsat 5 TM 

139/42 14-Nov-05 Landsat 5 TM 

139/43 14-Nov-05 Landsat 5 TM 

137/44 3-Nov-06 Landsat 5 TM 

137/45 3-Nov-06 Landsat 5 TM 

139/42 17-Nov-06 Landsat 5 TM 

139/43 17-Nov-06 Landsat 5 TM 

137/43 5-Dec-06 Landsat 5 TM 

137/44 5-Dec-06 Landsat 5 TM 

137/45 5-Dec-06 Landsat 5 TM 

138/44 12-Dec-06 Landsat 5 TM 

138/42 5-May-07 Landsat 5 TM 

138/43 5-May-07 Landsat 5 TM 

138/44 5-May-07 Landsat 5 TM 

138/44 16-Jan-08 Landsat 5 TM 

138/42 1-Dec-08 Landsat 5 TM 

138/44 1-Dec-08 Landsat 5 TM 

138/44 2-Jan-09 Landsat 5 TM 

138/44 18-Jan-09 Landsat 5 TM 

136/43 12-May-09 Landsat 5 TM 

139/43 2-Jun-09 Landsat 5 TM 

138/43 1-Oct-09 Landsat 5 TM 

137/45 10-Oct-09 Landsat 5 TM 

136/43 19-Oct-09 Landsat 5 TM 

137/43 26-Oct-09 Landsat 5 TM 

137/44 26-Oct-09 Landsat 5 TM 

137/45 26-Oct-09 Landsat 5 TM 

138/45 2-Nov-09 Landsat 5 TM 
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139/42 9-Nov-09 Landsat 5 TM 

137/43 11-Nov-09 Landsat 5 TM 

137/44 11-Nov-09 Landsat 5 TM 

137/45 11-Nov-09 Landsat 5 TM 

136/43 20-Nov-09 Landsat 5 TM 

136/44 20-Nov-09 Landsat 5 TM 

139/42 25-Nov-09 Landsat 5 TM 

139/43 25-Nov-09 Landsat 5 TM 

137/43 27-Nov-09 Landsat 5 TM 

137/44 27-Nov-09 Landsat 5 TM 

137/45 27-Nov-09 Landsat 5 TM 

136/43 6-Dec-09 Landsat 5 TM 

136/44 6-Dec-09 Landsat 5 TM 

136/45 6-Dec-09 Landsat 5 TM 

138/42 21-Jan-10 Landsat 5 TM 

138/43 21-Jan-10 Landsat 5 TM 

138/44 21-Jan-10 Landsat 5 TM 

138/45 21-Jan-10 Landsat 5 TM 

136/43 23-Jan-10 Landsat 5 TM 

136/44 23-Jan-10 Landsat 5 TM 

137/43 30-Jan-10 Landsat 5 TM 

137/44 30-Jan-10 Landsat 5 TM 

137/45 30-Jan-10 Landsat 5 TM 

138/42 6-Feb-10 Landsat 5 TM 

138/43 6-Feb-10 Landsat 5 TM 

138/44 6-Feb-10 Landsat 5 TM 

138/45 6-Feb-10 Landsat 5 TM 

136/43 8-Feb-10 Landsat 5 TM 

136/44 8-Feb-10 Landsat 5 TM 

137/43 15-Feb-10 Landsat 5 TM 

137/44 15-Feb-10 Landsat 5 TM 

137/45 15-Feb-10 Landsat 5 TM 

138/44 22-Feb-10 Landsat 5 TM 

136/45 24-Feb-10 Landsat 5 TM 

139/43 2-Apr-10 Landsat 5 TM 

138/45 27-Apr-10 Landsat 5 TM 
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APPENDIX B: FIELD TRIP REPORT 

Field Trip report: Bangladesh, 3 – 15 December 2010. 

The CSIRO participants on this trip were Mac Kirby, Mohammed Mainuddin, Luis Rodriguez 
and Jeff Turner. 

From 5th to 10th December we toured via the Jamuna bridge, where we saw some IWM 
channel surveying, to the northwest (Barind) area. Here we were shown around the Barind 
district by staff from the Barind Multipurpose Development Agency, and viewed groundwater 
irrigation and village water supply schemes. We also saw some of the surface water 
management, and surface water irrigation schemes. An issue which emerged over the 
course of this and subsequent visits was that the Barind Multipurpose Development Agency 
claim that the groundwater use is sustainable, and that aquifer levels recover during the 
monsoon season each year. Other agencies, and research publications, suggest that water 
levels are falling, and do not recover to the former level after the monsoon.  

While in the northwest, we also visited the Wheat Research Institute. We discussed with 
them the enhancement of their work with better soil moisture monitoring.  

We then toured south via Hardinge Bridge, near where we were shown irrigation offtake 
pumps for an irrigation district roughly the size (in terms of water use) of the MIA, then via the 
Gorai channel intake where we saw the dredging of the Gorai channel. The Gorai is a 
distributary of the Ganges (called the Padma in Bangladesh) which has silted up and 
naturally barely flows. The lack of flow has allowed saline intrusion into mouth and hence 
coastal region. The main purpose of the dredging is to enhance flows to control salinity in the 
coastal zone. The dredging is carried out under the direction of BWDB, one of our project 
partners.  

We next visited the Sunderbans area, a world heritage area of coastal mangrove forests, 
under some threat of salinisation and cyclone / storm surges. The main issue is the 
preservation of natural habitat, and the development of eco-tourism. 

In the coastal region, we also visited three polders, numbers 30, 31 and 33 (Bangladesh has 
about 120 polders, designated by numbers). One polder was devastated by a cyclone and 
storm surge two years ago: the surrounding dyke gave way in many places and the polder 
was flooded with sea water. The resulting flooding displaced the villagers, who now live on 
the sound remains of the dykes, and salinity rendered the land unusable for cropping in the 
short term. Rain of around 2 m per year and careful land management can obtain a rice crop 
even one year after saline water has been used for shrimp culture, and a full yield is obtained 
after two. Therefore the land could be returned to crops or shrimp culture fairly quickly, but 
until the dykes are restored the land cannot be used.  

The other two polders had sound dykes and had not been flooded in the cyclone. In the one 
polder, land and crop management resulted in one rice crop per year, in the other, the 
management included irrigation in the dry season and a rice crop and a subsequent one or 
two crops were grown each year.  

Amongst the issues in the region are: 

- the tensions between shrimp aquaculture, which favours a smaller proportion of the 
population with access to capital and influence over local politics, and rice farming, which 
benefits the local populations more generally; 

- the management of salinity, both in terms of saline intrusion up the rivers during low flow 
periods, and in terms of soil and groundwater salinity; 

- the provision of drinking water; 

- the provision of irrigation water for dry season crops, with groundwater or shallow surface 
water storages (such as drainage canals) being the main prospects.  
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There were differing opinions as to whether the failure of the dykes in the flooded polder was 
due to shrimp farmers deliberately breaching them to allow saline water in for the shrimp 
production, or whether it was simply due to the location of the polder and the direction and 
height of the storm surge.  

The study tour was a good introduction to many of Bangladesh‘s water resources issues, 
both physical and human/economic. 
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APPENDIX C: STAKEHOLDER WORKSHOP 

List of participants at the project Inception Workshop 

No Name Designation and 
affiliation 

Contact email, telephone 

1 Mr. Md. Abu Taleb 
Bhuiyan 
 

Additional Chief 
Engineer 
Barind Multipurpose 
Development 
Authority (BMDA) 

01711 100 070 
Bhuiyan_adlce@bmda.gov.bd 

2 Mr. Shibir Ahmed Executive Engineer, 
BMDA, Rajshahi 

01712 803 627 
ahmedbmda@yahoo.com 

3 Engr. R A Khan Director, Haor Water 
Development Board 
(BHWDB) 

01710 833 633 

4 Engr Shahidul 
Islam 

Executive Engineer, 
BHWDB 

01714 215 504 

5 Major G K K 
Choudhury 

DG, BHWDB 01711 961 024 

6 M Mosabber 
Hossain 

Manager, ActionAid Mosabber.hossain@actionaid.org 

7 M Abu Syed Bangladesh Centre 
for Advanced 
Studies (BCAS) 

Abu.syed@bcas.net 

8 M Shahidul Haque Project Director, 
Local Government 
Engineering 
Department (LGED) 

01713 066 071 

9 Ms Nayeema 
Nazneen Naz 

Sr Assistant 
Engineer, LGED 

01710 956 258 
nayeema@yahoo.com 

10 Dr Pijush Kanti 
Sarkar 

Head, IWM Division, 
Bangladesh 
Agricultural 
Research Institute 
(BARI) 

01712 223 215 
pksarkarbari@yahoo.com 

11 M Saidur Rahman Scientific Officer, 
IWM Division, BARI 

01716 993 676 

12 M Arshadul Haque Scientific Officer, 
FMPE Division, 
BARI 

01712 635 503 
arshadulbari@yahoo.com 

13 A H M Kausher Chief Engineer 
(Hydrology), BWDB 

01714 404 293 

14 M Salim Bhuiyan Superintending 
Engineer, BWDB 

01724 661 616 

15 M Azharul Islam Director Planning-I, 
BWDB 

01552 308 208 

16 Mohammad 
Shahabuddin 

Executive Engineer 
(XEN), BWDB 

01716 141 171 
Shahab-bwdb@yahoo.com 

17 M Belayet Hossain Superintending 
Engineer, BWDB 

01716 519 525 
Belayed_hossain@yahoo.com 

18 Amirul Hossain WEN, BWBD 01552 360 340 

19 Lutfe Nur Deputy Director, 
Groundwater 
Hydrology, BWDB 

01552 371 932 

20 M Arifuzzaman Sub-Divisional 
Engineer, BWDB 

01715 040 144 
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21 M Shahjahan Director (Planning), 
WARPO 

 

22 M Siddiqur Rahman PSO (M&E), 
WARPO 

01552 322 640 
 

23 Saiful Alam PSO (Water 
Resources), 
WARPO 

01552 352 814 

24 Mohammad 
Alamgir 

SSO (Forest), 
WARPO 

01556 556 184 

25 Sk Md Abdus Sattar Senior Research 
Manager, IRRI 

01817 500 039 

26 Dr M A Bari Country Manager, 
STRASA, IRRI 

 

27 Dr Sultan Ahmmed CSO, BARC 02-911 6100 
s.ahmmed@barc.gov.bd 

28 Dr M Abul Kashem PSO, BARC 01712 213 707 
9130702 

29 Dr A K M Saiful 
Islam 

Associate Professor, 
IWFM, BUET 

 

30 Sonia Binte 
Murshed 

Lecturer, IWFM, 
BUET 

01813 761 980 

31 Dr M Abed Hossain Assistant Professor, 
IWFM, BUET 

01814 806 064 

32 Dr M A Rashid CSO &Head, IWM 
Division, BRRI 

01921 069 162 

33 M Maniruzzaman  SSO, IWM Division, 
BRRI 

01552 328 965 

34 Motaleb Hossain 
Sarkar 

Director (Ecology), 
CEGIS 

01715 015 419 

35 M Shahidul Islam Director (Remote 
Sensing), CEGIS 

01715 038 209 

36 Dr K M Nabiul Islam Senior Research 
Fellow, BIDS 

 

37 M Nazrul Islam Research Officer, 
BIDS 

 

38 M Abdulla Hel Kafi Junior Specialist, 
IWM 

01915 494 677 
ahk@iwmbd.org 

39 A K M Sajadur 
Rahman 

Junior Engineer, 
IWM 

01917 015 183 

40 M Arifur Rahman System Engineer, 
IWM 

01714 008 522 

41 Dr A F M Afzal 
Hossain 

Director, IWM 01819 238 041 

42 M Rezaul Hossain Associate Specialist, 
IWM 

01199 047 826 

43 S M Shah-Newaz Director, IWM  

44 Emaduddin Ahmad Executive Director, 
IWM 

 

45 Dr Mac Kirby CSIRO, Australia  

46 Dr Jeff Turner CSIRO, Australia  

47 Dr Luis Rodriguez CSIRO, Australia  

48 Dr M Mainuddin CSIRO, Australia  

49 Mahmudul Ahsan AusAID, Dhaka  

50  FAO, Dhaka  
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News on the project Inception Workshop in a local leading English daily newspaper, the 
Independent, Wednesday, 15 December, 2010 
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APPENDIX D: NEWS AND PHOTOS FROM OPENING CEREMONY 

 

Opening ceremony: Sitting from left to right: Dr Mac Kirby (Project Leader, CSIRO), Mr 
Mokbul Hossain (DG, WARPO), Dr Mustafa K Mujeri (DG, BIDS), Mr Shaikh Md. Wahid-uz-
Zaman (Honourable Secretary, Ministry of Water Resources), Prof. M Monowar Hossain 
(ED, IWM), Mr. Habibur Rahman (DG, BWDB), Mr Giasuddin Ahmed Chowdnury (ED, 
CEGIS) and Ms Rachel Paine (AusAID representative in Bangladesh). 

 

 

Guests in the opening ceremony 
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Signing of contract between CSIRO and IWM 

 

Signing of contract between CSIRO and CEGIS 
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Signing of contract between CSIRO and BIDS 
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GLOSSARY 

ARIS  Agriculture Resource Information System 

AusAID Australian Agency for International Development 

BBS  Bangladesh Bureau of Statistics 

BGS  British Geological Survey 

BIDS  Bangladesh Institute of Development Studies 

BMD  Bangladesh Meteorological Department 

BUET  Bangladesh University of Engineering and Technology 

BUP  Bangladesh Unnayan Parishad 

BWDB  Bangladesh Water Development Board 

CCC  Climate Change Cell 

CEGIS  Centre for Environmental and Geographic Information Cervices 

CGE  Computable General Equilibrium 

CSIRO  Commonwealth Scientific and Industrial Research Organization 

DANIDA Danish International Development Assistance 

DPHE  Department of Public Health Engineering 

DRAS  Drought Assessment 

DTW  Deep Tubewell 

EPWAPDA East Pakistan Water and Power Development Authority 

FAO  Food and Agricultural Organization 

FAP  Flood Action Plan 

FCD  Flood Control and Drainage 

FCDI  Flood Control, Drainage, and Irrigation 

FFWC  Flood Forecasting and Warning Centre 

GBM  Ganges-Brahmaputra-Meghna 

GCM   Global Circulation Model 

GDP  Gross Domestic Products 

GoB  Government of Bangladesh 

IPCC  Intergovernmental Panel on Climate Change 

IWFM  Institute of Water and Flood Management 

IWM  Institute of Water Modelling 

LLP  Low Lift Pump 

MPO  Master Plan Organization 

NCRM  North Central Region Model 

NERM   Northeast Region Model 

NGO  Non-Government Organization 

NWMP  National Water Management Plan 

NWP  National Water Plan 
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NWRM  Northwest Region Model 

PRECIS Providing REgional Climates for Impacts Studies 

SEBAL  Surface Energy Balance 

SERM   Southeast Region Model 

SOLARIS Soil and Land Resource Information System 

SPARRSO Bangladesh Space Research and Remote Sensing Organization 

SRDI  Soil Resources Development Institute 

SRES  Special Report on Emission Scenarios 

STW  Shallow Tubewell 

SWRM  Southwest Region Model 

USGS   United State Geological Survey 

VFM  Vertical Flux Model 

WARPO Water Resources Planning Organization 

WHO  World Health Organization 
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