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Abstract:  Sustainable irrigation development is crucially important in Bangladesh agriculture since it is a key factor behind the 
current self-sufficiency in rice production and future food security. This study, by evaluating field actualities, 
highlights the plausible steps to be taken to address the emerging issues in irrigated agriculture. The growing 
population of the country will require additional rice, most of which is anticipated to come from irrigated Boro rice. 
However, because of changing river course, excessive abstraction of groundwater, higher water-demanding cropping 
pattern and inefficient irrigation for rice-based farming, water has already become a limiting resource during the main 
irrigation season. Climate change, increasing population and economic growth, by further increasing the demand for 
water, will create a tangible risk of reduced access to adequate water for irrigated agriculture. Additionally, the risk of 
water quality degradation by industrial and municipal effluents, agro-chemicals, saline water intrusion and arsenic 
pollution is continuously increasing. As a land-scarce country, Bangladesh will face the challenges of intensifying 
agriculture and maintaining self-sufficiency in food grains in the future. So, it has now become inevitable to tap any 
remaining under-utilized water sources and to produce more food with less water by increasing water productivity. It 
is advocated that no further self-satisfaction in addressing the long-due issue of poor management practices of the 
irrigation systems is acceptable. Development of efficient irrigation systems, and prioritization and implementation of 
adaptive measures under proper policy are crucial. The magnitude of investments and capacity building in human 
resources are also imperative. 
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1. ROLE OF IRRIGATION IN BANGLADESH AGRICULTURE 

Agriculture has made considerable progress in Bangladesh in terms of production over the last 
three decades. The increase in production has resulted from a substantial intensification of 
agriculture rather than from the increase in cultivable land area. Due to risk of floods and other 
natural disasters in monsoon season, dry season (October–April) is the most productive, risk-free 
and diversified cropping season. Consequently, agricultural growth in intensity was driven by 
increased cultivation during the dry season, particularly cultivation of Boro rice that was made 
possible by continuous growth in irrigation. Apart from Boro rice, irrigation has also significantly 
increased the production and yields of other crops such as wheat, maize, potato, tomato and 
vegetables (Mainuddin et al., 2014). Thus, irrigated agriculture has become central to the current 
rapid agricultural development of Bangladesh. 

Rice being the staple food in Bangladesh is currently grown on 73.7% of the total cultivated 
land, constituting 93.4% of the total cereal production (BBS, 2017). Irrigated Boro production has 
helped Bangladesh to increase total rice production from 18.3 million tons in 1991 to 34.7 million 
tons in 2016 (BBS, 2017). The overall cropping intensity of the country has also increased from 
148.9% in 1977 to 194% in 2016, with an increasing proportion of land being double- or triple-
cropped. This dramatic increase in rice production has been made possible due to extensive 
exploitation of groundwater. The projected population in Bangladesh, 185 million in 2030 and 202 
million in 2050 (United Nations, 2017), will require an additional 12.4 and 21.0 million tons of rice 
respectively by 2030 and 2050 (Mainuddin and Kirby, 2015). Based on current trends, it is 
anticipated that most of these additional requirements would come from irrigated Boro rice. For 
sustaining and further increasing dry season crop production, along with technological 
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improvements, an increase in irrigated cropped area is indispensable. Fortunately, food security and 
poverty alleviation of the country is a high-priority national goal, and promoting agricultural growth 
is a critical element of the government's strategy to achieve this goal. So, irrigation will remain 
critically important in supplying foods, and therefore consumption of agricultural water will 
continue to increase during the coming decades (CAWMA, 2007). 

2. IRRIGATION DEVELOPMENT OVER TIME 

About 3000 years ago, the rulers of the then Bengal introduced overflow irrigation system that 
was practiced till 1200. This irrigation system came into use when rivers or canals were in full flow 
conditions. Flood water was diverted to agricultural fields by breaching the river or canal in a way 
that it could be sealed immediately. During primitive period (1200–1757), irrigation practice 
improved from overflow to tank irrigation. An irrigation tank is an artificial reservoir of any size. 
Tanks were part of an ancient tradition of locally harvesting and preserving rainwater, and water 
from streams and rivers for later use, primarily for agriculture and drinking water. Also, flood 
control through construction of embankments and improvement of drainage facilities began in this 
period and continued till 1757 (Ali, 2002). During colonial period (1757–1947), the British rulers 
dissolved all entities that were set by previous rulers for looking after the irrigation systems. As a 
result, the maintenance of canals and embankments remained ignored although few local Zamindars 
(landlords) continued the maintenance work unofficially, until the Zamindari system was also 
abolished by the British ruler (Ali, 2002). The end results were frequent flooding and subsequent 
crop damage. The recent past (1947–71) water resource management in the then East Pakistan 
includes appointment of Krug Mission in 1956–57 by the United Nations (UN) and formulation of 
the first 20-year Master Plan in 1964 by the mission. This plan emphasized on development of 
large-scale flood control, drainage and irrigation projects to achieve the goal of increasing 
agricultural production for national self-sufficiency in food. On the UN missions’ 
recommendations, the East Pakistan Water and Power Development Authority (EPWAPDA, later 
named Bangladesh Water Development Board, BWDB) was created in 1959. The EPWAPDA was 
responsible for the planning, design, operation and management of all water development schemes. 
Development in water sectors during this period (1947–71) was strictly sectoral, with very little 
inter-sectoral communication; different agencies pursued their own, separate and often conflicting 
interests (Chadwick and Datta, 2001). After two decades, reviews and evaluations indicated that the 
performance of the large-scale state-owned projects had deteriorated intolerably, especially in terms 
of O&M (Kausher, 2017). After independence in 1971, Bangladesh gained support for its water 
sector development from several international agencies, the major of which was the International 
Bank for Reconstruction and Development (IBRD). The IBRD reviewed investment and 
performance of the water sector in 1972 and recommended a strategy of extensive development of 
minor irrigation in winter using low lift pumps (LLP) and shallow tube wells (STW). 

The minor irrigation through LLPs and STWs spread quite rapidly and resulted in a dramatic 
increase in irrigated area (Chadwick and Datta, 2001). However, the potential for LLP was soon 
exhausted to a large extent due to decrease in surface water availability, but growth of STW 
continued. Since late 1970s, the government of Bangladesh pursued a series of policy reforms to 
liberalize the market for irrigation equipment and to create opportunities for the private sector to 
play more roles in the development of minor irrigation. The major policy reforms in irrigation 
included: (i) liberalization of imports and distribution of engines and spare parts for irrigation 
pumps, (ii) rationalization of import duties and taxes on irrigation equipment, (iii) removal of 
restrictions on standardization of engines for irrigation pumps, (iv) withdrawal of tubewell spacing 
and siting regulations, and (v) withdrawal of subsidies on the prices of irrigation equipment. These 
policy reforms led to a rapid growth of irrigated area in the country through LLPs, STWs and deep 
tube wells (DTW) (Chadwick and Datta, 2001). Total irrigated area has increased from 0.62 million 
ha in 1966 to 1.52 million ha in 2080 and 5.50 million ha in 2015, growing at an overall average 
annual rate of 5.23% (KNOEMA, 2018). This extensive growth in irrigation was predominantly 



Water Utility Journal 21 (2019) 19 

driven by the growing use of groundwater through rapid increase in the adoption of STWs and 
DTWs. During 1980–2015, the number of STWs increased from 93 thousand to 1.52 million, and 
that of DTWs increased from 14 thousand to 36.7 thousand. Approximately 79% (4.2 million ha) of 
total cultivated area is now irrigated by groundwater and only 21% (1.25 million ha) is irrigated by 
surface water with 162 thousand LLPs (BBS 2017). Because of largely exhausted potential for LLP 
due to decrease in surface water availability, the growth in surface water irrigation became slow 
(0.9 million ha in 1983 to 1.25 million ha in 2016). 

The development and growth in irrigation is not uniform over different regions of the country. 
North-west region had the highest percentage (85%) of net cultivable area (NCA) irrigated during 
2012–13 followed by north-central region (73%). South-east and south-west regions were the least 
irrigated (45% of the NCA) areas of the country due to lack of available fresh water for irrigation 
and presence of salinity in soil and water during the dry/main irrigation season (Mainuddin et al., 
2013). There is also significant spatial variation in the use of surface water and groundwater for 
irrigation. The north-west region has the most intensive use of groundwater; over 97% of total area 
was irrigated by groundwater followed by the north-central region (89%) during 2012–13. Surface 
water irrigated area is higher compared to groundwater irrigated area in the north-east and south-
east regions. The government has emphasized sustainable intensification in agriculture in southern 
Bangladesh as an important land use policy objective and is planning considerable investment in 
surface water irrigation to meet this aim. The desired outcome of these efforts is to move rice-
fallow and rice-rain-fed crop farmers into irrigated rice–rice double-cropping. This would shift part 
of Boro rice from the country’s north where production requires costly energy subsidies, and keep 
pace with increasing national demand of food. The planned approach focuses on the construction of 
large-scale, state-sponsored surface water irrigation schemes. 

Ministry of Water Resources (MOWR) is the apex body of the government of Bangladesh for 
development and management of the country’s water resources, including water management for 
irrigated agriculture. It formulates policies, plans, strategies, guidelines, instructions and acts, and 
rules and regulations related to water management as well as it regulates and controls the 
institutions reporting to it. The strategic objectives and activities of the MOWR in regard to 
agricultural water management are the excavation/re-excavation of canals, and construction and 
maintenance of infrastructures to provide irrigation facilities to arable land to ensure balanced, 
integrated and sustainable management of water resources. In view of these objectives, several 
policies and acts have been adopted so far for formulating rules and regulations on general usage of 
water. The major policies and acts are: (i) National Water Policy (1999), (ii) Coastal Zone Policy 
(2005), (iii) Coastal Development Strategy (2006), (iv) National Water Management Plan: 
Development Strategy (2011), and (v) Bangladesh Water Act 2013. 

3. EMERGING CHALLENGES 

“Every human being, now and in the future, should have access to safe water for drinking, 
appropriate sanitation, and enough food and energy at reasonable cost. We are not achieving these 
goals today, and we are on a path leading to crisis and to future problems for a large part of 
humanity” (World Water Commission, 2000). This statement adequately and appropriately 
highlights the core future challenges in the development and management of water resources for 
human well-being. In light of this statement, the United Nations (2015) has set-forth one target in 
the Sustainable Development Goals (SDGs) to be achieved by 2030 to ensure sustainable 
withdrawal and supply of freshwater in the coming decades. The major challenges facing 
sustainable water resources management in Bangladesh include: floods in wet season, scarcity of 
water in dry season, decreasing river flow in dry season, growing irrigation demand and urban 
demand, unrestricted extractions of groundwater, supply of safe drinking water, arsenic problem, 
salinity intrusion, water pollution from industrial and municipal sources, climate change, increasing 
vulnerability to extreme events, land-use changes, massive river sedimentation, and river bank 
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erosion. In hilly regions, in addition to water shortages for agriculture and for drinking supply, 
building irrigation infrastructures is also a great challenge. 

Enhanced food security through sustainable and more productive management of water in 
agriculture is critically urgent for the ever-increasing population of Bangladesh. The International 
Irrigation Management Institute (IIMI), International Commission on Irrigation and Drainage 
(ICID), and International Food Policy Research Institute (IFPRI) developed different water 
scenarios to explore a number of options related to future food security. These options include 
expansion of irrigated agriculture, massive increase in food production from rain-fed agriculture, 
increasing water productivity, and public acceptance of genetically modified crops. Although 
opinions differ among the experts with regard to some of these options, there is a broad consensus 
that the contribution of irrigation to incremental food production should be substantial (Peacock 
1996). 

In addition to agricultural use, water also has domestic, industrial, recreational and 
environmental use. The in-stream flows and stored water support fisheries, forestry, navigation, 
pollution control, salinity control, nature conservation and recreational facilities. Although 
agriculture sector is and will remain the major water consumer, the domestic and industrial uses are 
on the rise and are likely to grow by 100% and 440%, respectively by 2050 (BDP2100, 2018). The 
ever-growing population and industrial sector will demand an increasingly larger share of the 
available water; much of which will be diverted from water meant for irrigation. So, there will be 
growing competitions for getting water among various users. Although much attention has not been 
paid yet for environmental requirements of water, people have begun accepting the rights of nature 
– treating rivers, estuaries, forests and the like not as simply properties, but entities who have their 
own right to flourish. Perhaps, the day will come soon wherein this right would be put into law, 
which would enable a vigilant citizen to file a suit on behalf of, say a disturbed watershed, arguing 
that its health is crucial to the common good; no individual or group can harm the well-being of a 
large community. So, the competition for water resources among agriculture, growing population 
and more stringent environmental needs will likely to reduce the potential for expansion of 
irrigation. 

Siltation of river bed, upstream diversion, deforestation, and climate change are causing reduced 
river flow in dry season in Bangladesh (Adel, 2001; Mirza, 1997; IWM, 2014). For example, during 
early 1970s, the Old Brahmaputra and the Old Dhaleswari shared about 10% of the Jamuna flow. 
That flow has reduced to 4% and these perennial distributaries have now become seasonal 
distributaries, causing an acute shortage of water during dry season (WARPO, CEGIS and IWM 
2000). There are projections for reduced dry season flow of the Ganges and Brahmaputra (Pervez 
and Henebry 2015), which account for more than 80% of stream flow (Nadira and Shixiang, 2018). 
An additional growing challenge is the deterioration of surface water and groundwater quality. With 
reduction in river flow, saline-water intrusion has become a critical problem in southern 
Bangladesh. Climate change is likely to further elevate river water salinity, leading to shortages of 
drinking and irrigation water, and significant changes in aquatic ecosystems in the south-west 
coastal areas during dry seasons by 2050 (World Bank, 2015). Thus, water availability for future 
food security is a challenging issue and will become more challenging if further increase in irrigated 
area takes place in those areas. Climate change, expected upstream development, excessive 
abstraction of water and lack of a sustainable financing for O&M of the water resource 
infrastructure will further exaggerate these challenges (BDP2100, 2018). 

The main climate change impacts on the water cycle in Bangladesh that affect irrigation are: 
changing precipitation patterns, occurrence of floods and droughts, increased air temperatures, 
increased evapotranspiration, increased crop-water demand, rising sea levels, and salinization of 
water resources. The dry season in the country is getting longer due to the effects of climate change. 
Irrigation water demand is projected to increase from less than 1% for 2030 in average condition to 
maximum 3% for 2050 in dry condition (Kirby et al., 2016). Rainfall variability, featuring extreme 
high and low precipitation, is critical for agricultural productivity and water availability. Production 
of rice and wheat is predicted to decrease by 8.8% and 32%, respectively by 2050 (CRI, 2017). The 
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implications of these climatic changes are particularly significant in agriculture where hydrological 
disasters are common, such as drought in the north-western region has become a common feature 
(Shahid and Behrawan, 2008). The projected climate change for Bangladesh is however uncertain, 
encompassing both possible increase of up to about 18% and decrease of up to about 8% in rainfall 
(Kirby et al., 2016). In contrast to general perception, Tapos et al. (2017) reported overall decrease 
in potential crop-water requirement of Boro rice at four north-western districts of Bangladesh in the 
future because of shortening of crop-growing period due to increased temperature; although daily 
potential evapotranspiration will increase, mainly, due to increased temperature. Although 
Bangladesh has become resilient to climate-related hazards to some extent, they still cause large 
economic losses and slow down progress in reducing poverty. Inadequate tools for accurately 
evaluating the availability of water resources, and relatively weak weather forecasting services are 
the challenges to productive agriculture under climate change. 

The country is continuously facing the challenges of reduction in cultivable areas due to 
urbanization and industrial growth. Yet, irrigation coverage is expanding continuously, and more 
and more unfavourable and difficult lands are being brought under irrigation. So, the profitability 
from irrigation is likely to decline if on-farm water management is not improved or more 
diversification to high value crops is not adopted. The north-west region being one of the major 
crop production areas supplies about 35% of the irrigated Boro rice and about 60% of the wheat of 
the whole country. This region is now of greatest concern over falling groundwater levels (Kirby et 
al., 2013; CSIRO, WARPO, BWDB, IWM, BIDS and CEGIS, 2014), which lead to a lack of access 
to water for drinking and irrigation in some areas. In future, the major challenge for agriculture of 
the north-west region will be to ensure food security and manage water demand in the face of 
climate change, specifically under drought and high temperature stress. 

Due to high installation, operational and management costs, and uncertain transboundary effects, 
any large-scale development of surface water resources will remain a challenge in the future. 
Sustainable groundwater irrigation will therefore remain crucial in sustaining agricultural growth to 
meet the future food security of the country (Mainuddin et al., 2014). However, the dismissive side 
of large-scale exploitation of groundwater is that the very future of irrigated agriculture remains 
threatened due to unsustainable use of groundwater and consequent serious environmental 
outcomes. 

4. WEAKNESSES IN IRRIGATION SYSTEM 

The policy focus on water resources in Bangladesh so far has been largely on resource 
development, rather than on resource management. Most efforts over the last three decades have 
been directed towards expansion of irrigated area, especially by using groundwater. This has 
changed the groundwater recharge–discharge dynamics and led to the decline of groundwater levels 
and deterioration of groundwater quality in intensively irrigated areas (Qureshi et al., 2014). In the 
north-west (Barind Tract) and north-central regions, many suction-mode tube wells (e.g., STW and 
Hand Tubewell) run dry at the latter part of dry season due to falling groundwater level below 
suction lift (8 m) (Parvez, 2018). The falling groundwater level within the Barind Tract area is a 
clear indication of excessive withdrawal of groundwater (Kirby et al., 2013; CSIRO, WARPO, 
BWDB, IWM, BIDS and CEGIS, 2014). So, groundwater has become unsustainable in this region 
and also a growing concern in several other areas in the country. Groundwater extraction for urban 
and industrial use around Dhaka city has also become unsustainable (Hoque et al., 2007). However, 
one of the major bottlenecks in sustainable groundwater management is the lack of robust 
information on aquifer reserves, their withdrawal patterns, changes in quality and consequences of 
use for irrigation; these are key knowledge gaps. 

Excessive withdrawal of groundwater has also led to increased groundwater salinity and is 
discouraging farmers from planting in the coastal region, ultimately resulting in large uncultivated 
coastal areas. In the future, other biophysical constraints like drought, arsenic contamination and 
pollution from various sources will also limit access to groundwater. An estimated 25% of the tube 
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wells at different regions of the country already have exceeded arsenic levels according to the 
Bangladesh standard (Qureshi et al., 2014). The concerns of long-term sustainability of 
groundwater irrigation due to possible groundwater overuse combined with the problem of arsenic 
contamination compel to think reducing groundwater use. However, reducing unsustainable water 
consumption in the absence of efficiency improvement may have an adverse impact on crop yields 
and thus pose a major challenge for future food supplies (Elliott et al., 2014). Government 
introduced an ordinance in 1985 exclusively for the management of groundwater resources in 
agriculture. In that ordinance, licensing was introduced to restrict installation of private tube wells 
in critical areas where groundwater level was falling at rapid rates and/or where groundwater 
quality was deteriorating. Subsequent laws, such as the National Environmental Policy (1992), 
National Policy for Safe Water and Sanitation (1998), and National Water Policy (1999) stressed 
the need for protection of both surface water and groundwater resources. However, as major 
investments in surface water irrigation systems have declined over time, government had few 
options other than to allow the expansion of irrigated agriculture through groundwater development 
and was therefore reluctant to implement stringent regulation (Qureshi et al., 2015). 

Less attention has been given so far for improving the performance of existing irrigation systems 
to increase water use efficiency at the farm and regional scales, especially in the government-
managed large surface water irrigation projects (e.g., G-K and Teesta irrigation projects). For 
example, uneven elevation of land, poor water distribution systems, lack of access to water in the 
tail-ends during peak period of irrigation demand, and poor water governance and management are 
the major problems of the G-K and Teesta irrigation projects. Lack of availability of water in the 
Ganges and Teesta rivers are also the major problems for these two projects due to unilateral 
withdrawal by the upstream country. Many farmers being frustrated with unreliable water deliveries 
during low-flow conditions in the rivers in some large-scale surface water irrigation projects have 
chosen to install STWs/DTWs within the project areas. Consequently, groundwater use is 
increasing in those surface water irrigation systems to compensate for unreliable service from the 
canals systems. The large-scale irrigation systems, under the responsibility of BWDB, are usually 
undermined by weak stakeholder participation, while the small-scale systems (less than 1,000 
hectares) have better performance in this regard. 

Irrigation water use in Bangladesh is less efficient compared to other agricultural inputs like 
land, labour, fertilizer and tillage operations by implements (Chowdhury, 2010). Even in the small-
scale irrigation systems, which are stakeholder-driven and relatively well-managed, 50–60% water 
is lost due to lack of appropriate technical know-how in water management, unplanned and 
improper size of irrigation canals, and poor control structures. The practice of continual flooding in 
Boro rice cultivation not only causes wastage of scarce water resource but also increases irrigation 
cost. The erroneous concept of ‘more water – more yield’, still prevailing among farmers in many 
parts of the country, is mainly driven by fixed price rate of irrigation water. The fixed-irrigation rate 
is also the major constraint in wide-scale adoption of alternate wetting and drying (AWD) method 
of irrigation application. Barind Multipurpose Development Authority (BMDA) is the first 
organization in Bangladesh to have started a computerized prepaid meter system for collecting 
irrigation charges. In this system, water rights of a farmer are established by recharging a pre-paid 
card at a networked vending station; facility for charging the card or uploading the meter 
information is available at every sub-district office. Irrigation coverage in Bangladesh could be 
increased considerably by employing improved on-farm water management technologies, such as 
AWD method. So, pressure has been mounting to limit water supply to irrigated agriculture and to 
produce more food with less water. 

Surface water availability in Bangladesh results largely from the rivers flowing from upstream 
countries. The country shares 57 transboundary rivers of which 54 are incoming from India and 3 
from Myanmar. About 95% of the surface water in the river system originates outside the country 
(Ahmad et al., 2001). Dry season flows into Bangladesh have diminished to a large extent due to 
upstream water use in the Ganges (Gain and Giupponi, 2015) and Teesta (Mullick et al., 2013). The 
future availability of surface water will also depend on climate change, level of use, and flow of the 
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rivers into Bangladesh from the upstream countries. Until now, with the exception of the Teesta, 
water demand for irrigation in Bangladesh is smaller than the dry season flows (Kirby et al., 2015). 
However, although available as a whole, the river water cannot be made available at all irrigation 
sites, most of which are far away from the water sources and/or are situated at locations not easily 
accessible to water sources. Also, other usages of river water, such as for navigation, fisheries and 
ecosystem services, need to be satisfied. These constraints are the prime issues of future policy and 
planning for irrigation development by using surface water in the country. Any planned expansion 
of surface water use may however be jeopardized by upstream diversions, which will have a greater 
impact on flows than projected climate change impacts (Kirby et al., 2016). So, any possible 
unilateral control of surface water flow in the Ganges-Brahmaputra-Meghna basins by the upper 
riparian countries lies at the heart of insecurity of water resources in Bangladesh and is a major 
weakness to sustainable development of irrigated agriculture in the country. 

5. WAY FORWARD 

5.1 Development of water resources 

The network of mostly underutilized rivers and natural canals can be tapped to provide less energy-
required and economically cheap surface water for irrigation. This approach is now supported by 
the government and promising attempt is being taken in this direction with the advent of the Master 
Plan for agricultural development in southern Bangladesh (MoA and FAO, 2012), and by the Asian 
Development Bank’s recent investment in a rehabilitation assessment of large surface water 
irrigation schemes. 

Groundwater resources will have to be managed much more thoughtfully than has been the case 
in the past. Aquifer management is an effective way of establishing a balance between discharge 
and recharge components. For this, regional availability and volumes of groundwater resources that 
can be sustainably extracted for irrigated agriculture need to be evaluated. More efficient irrigation 
technologies may be appropriate to restore the balance between recharge and discharge at locations 
where rapid declines in groundwater levels are evident. Water saving measures need to be based on 
a thorough understanding of water balance and linkages between surface and groundwater, and 
beneficial and non-beneficial uses of water (Kulkarni, 2011). There are evidences that most aquifers 
in the country are losing water to the major streams in dry season (Mainuddin et al., 2014). 
However, the impacts of rainfall on groundwater extraction and exchange of groundwater with the 
rivers have not been analyzed yet in detail except in the Barind area. This is a major information 
gap, which needs further detailed study. In traditional irrigation philosophy, recharge to 
groundwater is considered as a by-product of irrigation, but in today’s world, groundwater recharge 
should be considered paramount for making groundwater sustainable (IWMI, 2010). Enhancement 
of recharge through infiltration technologies may be feasible to address the imbalance between 
recharge and discharge. Small-scale surface source can also be developed to facilitate groundwater 
recharge and availability since actual recharge is thought still less than potential recharge except in 
the western extreme of the country (Shamsudduha et al., 2011). In the future, high-energy intensive 
mechanical recharge of aquifers may be required using large-capacity pumps to ensure enough 
water for use in the dry season. However, quality of recharging water will be a major concern in any 
artificial recharge of groundwater. Several countries in the world are currently recharging their 
aquifers artificially to a considerable extent. For example, artificial groundwater recharge 
contributes to total groundwater use at the rate of 30% in Western Germany, 25% in Switzerland, 
22% both in the USA and Holland, 15% in Sweden and 12% in England (Li, 2001). In recent years, 
India and Pakistan have also taken steps to use harvested rainwater for recharging aquifers (Qureshi 
et al., 2014). 

Rainwater and/or flood water harvesting by excavating ponds and supplemental irrigation 
(irrigating only during critical crop growth and development periods) are two of the important 
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adaptive techniques that can boost water availability, crop and water productivity (Fox et al., 2005; 
Rockstrom and Barron, 2007), increase food security and reduce demands on limited water 
resources. Water harvesting is now regarded as a major water management technique, and may be 
aggressively promoted, especially in the large industrial and residential sectors. Optimum design 
and management of rainwater storage facilities (e.g., rooftop and surface harvest, above- and below-
ground catchments) are important requirements for this endeavour. Wastewater and recycled water 
is another non-conventional water source; their re-use can also reduce the demand for additional 
freshwater withdrawals (Mojid et al., 2010) and energy consumption (World Bank, 2006). 

5.2 Improving water management 

Improved agricultural water management is holistic and needs to mitigate environmental costs 
and risks of irrigation, such as land degradation, salinization and erosion; reduction or loss of 
environmental flows; pollution; damage or destruction of natural habitats and livelihoods through 
drainage of wetlands and through land expansion and deforestation; and waterborne diseases 
(World Bank, 2006). The best-fit agricultural water management practices are environmentally, 
socially and economically sustainable; increase food security; improve livelihoods; and increase 
resilience to climate variability and change. A water resource project becomes sustainable if water 
of sufficient quantity and quality is available at acceptable prices to meet the demands and quality 
standards of the population of the region now and in the future without causing the environment to 
deteriorate. 

Small-scale irrigation is regarded as a preferred system to increase food security and improve 
resilience to climate variability and change (Cooper et al., 2008). Consequently, larger number of 
farmers is now investing in small-scale irrigation systems (Giordano et al., 2012). Despite water 
shortages, irrigation efficiencies are low in Bangladesh, one main reason of which is over-irrigation 
due to poor land levelling and misconception of ‘more water – more yield’. Unevenness on the soil 
surface adversely affects even distribution of irrigation water in the fields. So, levelling of land 
surface is needed to eliminate this inefficiency by reducing water requirement through reduction of 
application loss and attainment of uniformity in soil-water distribution. It has now become 
important to increase farmers’ awareness, knowledge and practice of improved agricultural water 
management in small-scale irrigation systems. The performance of the currently operational water 
supply and distribution systems need to be improved to reduce conveyance loss of water, the 
national average value of which is 37% (BBS, 2013). 

Demand management is an important part of the overall solution of water scarcity. In addition to 
supply-side solutions, water demand will also need to be curtailed by increasing water use 
efficiency in the future through adoption of water-conserving management practices, for example 
reduced tillage, alternate wetting and drying (AWD), direct-seeded rice, raised bed planting, and 
right choice of appropriate crops. One possible improvement can be the addition of soil moisture 
sensors designed to schedule irrigation applications on the basis of needed or user-adjusted 
thresholds and frequency. However, cost involvement and technical know-how will be the concerns 
for this. In the Boro growing areas, more than 90% of irrigation water is supplied from 
groundwater. Significant increase in water use efficiency for Boro cultivation will lead to 
substantial saving of water resource, which can be used for other crops, livestock and domestic 
consumption. Price of irrigation water needs to be determined as a rule on volumetric basis instead 
of currently practiced fixed rates in order to meet equity, efficiency and economic principles. There 
are other water-saving measures that can be practiced at the household level, such as high-velocity 
low-flow showerheads, dual-flush toilets, sensor activated faucets and grey water recycling. 
Although these will involve considerable capital expense, they will make substantial contribution in 
increasing water for irrigation. 

Reducing rice production in groundwater vulnerable areas by restricting irrigated area will 
reduce the pressure on groundwater. The possible reduction in rice production may be fulfilled 
through other less water-demanding grain crops, such as wheat, maize, legumes, etc. Therefore, 



Water Utility Journal 21 (2019) 25 

more emphasis should be given to adapt cropping patterns that require less water. The adoption of 
lower water-demanding crops will reduce the overall abstraction of both surface water and 
groundwater during the dry season. However, the feasibility and economics of these options should 
be explored in areas deemed to be at risk of groundwater mining, such as the Barind Tract. 
Conjunctive use of surface and groundwater is also an important way forward for areas where 
relevant to increase supply and reduce pressure on groundwater. Establishing low water-consuming 
agriculture would be a key future challenge for Bangladesh. 

Developing innovative practices to save and optimize water use for agriculture will be a 
significant strategic measure and challenge to ensure future food, water and ecological security in 
Bangladesh. Research emphasis and development of modern water-saving agricultural technology, 
low water-consuming cropping pattern, and efficiency in irrigation in the critical period and/or dry 
cultivation period is required. There are several hotspots related to irrigated agriculture, such as 
areas at high risk of contamination by saline intrusion or polluted surface waters, declining 
groundwater level, and lack of access to irrigation water and safe drinking water in rural areas. For 
each of this case involving agricultural water management, the optimal solution needs to be 
obtained and fine-tuned to match site-specific conditions and user’s expectations through R&D. To 
cope with changes of the water-cycle due to climate change, using site-specific adaptive practices 
and techniques, as well as species adapted to local conditions will be essential in the future. 

Water saving practices in irrigated agriculture include engineering, agronomic, management and 
institutional approaches. The success of these approaches depends on the level of their integration 
and socio-economic dimensions of a given locality (Kulkarni, 2011). Adoption of technologies is 
essential for water conservation, re-use, and improving efficiency in irrigation. Increasing 
participation of farmers in promoting and implementing programs related to sustainable water use 
during irrigation in dry season rice cultivation is inevitable. This will speed up the adoption of new 
water saving methods for sustainable agriculture. 

5.3 Capacity building in human resources 

Capacity building of academic and research institutions, and farmers is crucial for development 
and adoption of new technologies. The need for increased education and extension services on 
proper planning of irrigation schemes as well as on climate change is essential. Capacity building, 
including strengthening participatory frameworks, promoting community ownership and 
management, and developing operational monitoring and evaluation procedures is imperative. The 
challenge is how to incorporate innovative technologies and management approaches in decision-
making and long-term water management policy-making. Exchange of ideas and communication 
among planners/decision makers, financial actors, scientists, local and regional authorities; 
establishing mechanism for international cooperation and experience sharing among institutions for 
higher education and research, and developing action plans for practical follow-up are some of the 
possible options for effective capacity building (Kulkarni, 2011). Strong linkages and improved 
communications between different organizations involved in the management of groundwater 
resources and alignment of objectives will be required. This is because water scarcity is not always 
a result of physical lack of water sources but also due to inadequate or weak institutional 
organizations. Sustainable water use needs joint planning at the watershed level and fair sharing of 
water between different sectors, ensuring water and food security and avoiding maladaptation to 
changes. However, the magnitude of investments and capacity building in human resources to 
achieve the goal in agricultural water management in Bangladesh is still underestimated. 

Farmers and field level staff are at the center of any process of change and need to be 
encouraged and guided through appropriate technologies and practices towards water saving. For 
example, lack of technical understanding and water pricing is one of the major constraints currently 
hindering wide-scale adoption of AWD method. Better research–extension–farmer linkage and 
policies to stimulate adoption of technologies that improves system operation, efficiency, crop 
productivity and eventually farm income are essential. Modernization of irrigation systems should 
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not only be restricted to upgrading of physical infrastructure but also to integrate improved 
irrigation services. 

5.4 Policy enacting 

Policy and management options to enable Bangladesh to equitably and efficiently allocate and 
use water in the future are imperative. Technologies alone cannot achieve water savings; support 
through innovative management, policy and institutional reforms are also essential for these. Policy 
makers need to give more attention to demand management and changing the behaviour of people 
through incentives, regulations and education to reallocate existing water supplies to higher-value 
uses, promote efficient use through conservation, and facilitate more equitable access. Promoting an 
enabling environment through declaring a water policy with explicit recognition of basin and 
aquifer management, ensuring effective regulation, and developing programs for drought 
preparedness is needed. Managed aquifer recharge may be undertaken as a national program and 
strategy considering different regional contexts. Development and implementation of appropriate 
national guidelines and regulations for treatment and re-use of wastewater for irrigation are also 
important to reduce water scarcity in future. 

Since regulation is either absent or uncoordinated (Giordano and de Fraiture, 2014), it is 
important to put in place regulations that address the unchecked proliferation of water abstraction 
from both surface and groundwater sources. In light of this, the Bangladesh Water Act 2013 has 
made it mandatory for any individual to obtain a license/permit for large-scale withdrawal of 
groundwater by individuals and organizations beyond domestic use. Recognizing as a problematic 
area, government has imposed a ban on installation of new tube wells at the Barind area. Direct 
management of groundwater through introduction of rights for groundwater use and limitations on 
access of groundwater by enforcing permit systems will be difficult in Bangladesh due to large 
number of users, weak institutional arrangements, and problems with enforceability and 
accountability. Some of the potential drivers of success may be adequate engagement of users, 
refinements in water pricing structures, substantial investments in modern water and agricultural 
technology, provisions to encourage farmers’ transition into less water-demanding crops, 
establishment of groundwater protection zones according to aquifers’ safe yield, and development 
of enabling policies and decision support systems. However, policy research needs to address which 
of these option(s) might be best for future groundwater governance in Bangladesh. 

6. CONCLUSIONS 

Agricultural intensification in Bangladesh is considered crucially important to keep pace in food 
production with continuously increasing demand, while irrigation is a key factor behind the current 
self-sufficiency in rice production and future food security. For the predicted growing population, 
irrigated Boro rice is expected to supply an additional 12.4 and 21.0 million tons of rice in 2030 and 
2050, respectively. But, water has already become a limiting resource during dry season because of 
changing river course, excessive abstraction of groundwater in some areas, seasonal variability, 
higher water-demanding cropping pattern and inefficient irrigation for rice-based farming. 
Apprehended climate change, increasing population and economic growth are expected to further 
increase the demand for water. In addition to this, continuous degradation of water quality by 
industrial and municipal effluent, agro-chemicals, saline water intrusion and arsenic pollution is 
putting additional bearing on usable water resources. The challenge for land-scarce Bangladesh will 
therefore be to intensify its agriculture and maintain self-sufficiency in food grains in the future. 
The options to cope with this challenge are to tap still under-utilized or unutilized water sources of 
the country and to produce more food with less water by increasing water productivity. 
Development, prioritization and implementation of efficient irrigation systems and adaptation 
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measures under enabling policy are crucial to address the future challenges of irrigated agriculture. 
Adequate investments and capacity building, especially in human resources, are imperative. 

REFERENCES 

Acharjee TK, van Halsema G, Ludwig F, Hellegers P (2017) Declining trends of water requirements of dry season Boro rice in the 
north-west Bangladesh. Agric Water Manage 180:148–159. 

Adel MA (2001) Effect on water resources from upstream water diversion in the Ganges Basin. J Env Qual 30:356–368. 
Ahmad QK, Biswas AK, Rangachari R, Sainju MM (eds.) (2001) Ganges–Brahmaputra–Meghna region: a framework for sustainable 

development. The University Press, Dhaka, Bangladesh. 
Ali ML (2002) An integrated approach for the improvement of flood control and drainage schemes in the coastal belt of Bangladesh. 

CRC Press, Taylor & Francis. 
BBS (2013) Agricultural statistics yearbook. Ministry of Planning, Government of the People’s Republic of Bangladesh, Dhaka. 
BBS (2017) Statistics and informatics division (SID). Ministry of Planning, Government of the People’s Republic of Bangladesh, 

Dhaka. 
CAWMA (2007) Water for food, water for life: a comprehensive assessment of water management in agriculture. London: 

Earthscan, and Colombo: International Water Management Institute. 
Chadwick M, Datta A (2001) Water resource management in Bangladesh: a policy review. Livelihood-Policy Relationships in South 

Asia. 
Chowdhury NT (2010) The relative efficiency of water use in Bangladesh agriculture. Quarterly J Int Agric 49:147–164. 
Cooper PJM, Dimes J, Rao KPC, Shapiro B, Shiferaw B, Twomlow S (2008) Coping better with current climatic variability in the 

rain-fed farming systems of sub-Saharan Africa: An essential first step in adapting to future climate change. Agric Ecosys Env 
126:24–35. 

CRI (2017) Bangladesh: water resource and climate change. Published by Centre for Research and Information, January 2017, ISBN 
978-984-91559-1-1. 

CSIRO, WARPO, BWDB, IWM, BIDS, CEGIS (2014) Bangladesh integrated water resources assessment: final report. CSIRO, 
Australia, Available at: https://publications.csiro.au/rpr/download?pid=csiro:EP142841&dsid=DS3 (accessed on 21 August 
2018). 

BDP2100 (2018) Bangladesh delta plan 2100. Government of the People’s Republic of Bangladesh, Dhaka. 
Elliott J, Deryng D, Müller C, Frieler K, Konzmann M, Gerten D, Glotter M, Flörke M, Wada Y, Best N, Eisner S (2014) Constraints 

and potentials of future irrigation water availability on agricultural production under climate change. Proc National Academy Sci 
111:3239–3244. 

Fox P, Rockström J, Barron J (2005) Risk analysis and economic viability of water harvesting for supplemental irrigation in semi-
arid Burkina Faso and Kenya. Agric Sys 83:231–250. 

Gain AK, Giupponi C (2015) A dynamic assessment of water scarcity risk in the Lower Brahmaputra River Basin: An integrated 
approach. Ecol Indicators 48:120–131. 

Giordano M, de Fraiture C (2014) Small private irrigation: enhancing benefits and managing trade-offs. Agric Water Manage 
131:175–182. 

Giordano M, de Fraiture C, Weight E, van der Bliek J (2012) Water for wealth and food security: supporting farmer-driven 
investments in agricultural water management. Synthesis report of the Agricultural Water Solutions Project, IWMI. 

Hoque MA, Hoque MM, Ahmed KM (2007) Declining groundwater level and aquifer dewatering in Dhaka metropolitan area, 
Bangladesh: causes and quantification. Hydrogeol J 15:1523–1534. 

IWM (2014) Surface water assessment of Bangladesh and impact of climate change: a supplementary report of the Bangladesh 
integrated water resources assessment. Institute of Water Modelling, Dhaka. 

IWMI (2010) Water policy brief. Banking of groundwater in times of change. Issue 32. 
Kausher AHM (2017) Water resources management in Bangladesh: Past, present and future. 1st International Conference on 

Engineering Research and Practice, 4–5 Feb 2017, Dhaka, Bangladesh. 
Kirby JM, Ahmad MD, Mainuddin M, Palash W, Quadir ME, Shah-Newaz SM, Hossain MM (2015) The impact of irrigation 

development on regional groundwater resources in Bangladesh. Agric Water Manage 159:264–276. 
Kirby JM, Mainuddin M, Mpelasoka F, Ahmad MD, Palash W, Quadir ME, Shah-Newaz SM, Hossain MM (2016) The impact of 

climate change on regional water balances in Bangladesh. Clim Change 135:481–491. 
Kirby M, Ahmad MD, Poulton P, Zhu Z, Lee G, Mainuddin M (2013) Review of water, crop production and system modelling 

approaches for food security studies in the Eastern Gangetic Plains. CSIRO Report, AusAID - CSIRO Alliance. Available at 
https://publications.csiro.au/rpr/pub?pid=csiro:EP134291 (accessed on 15 August 2018). 

KNOEMA (2018). Bangladesh - Total area equipped for irrigation. https://knoema.com/atlas/Bangladesh/topics/Land-
Use/Area/Total-area-equipped-for-irrigation (accessed on 21 August 2018). 

Kulkarni S (2011) Innovative technologies for water saving in irrigated agriculture. International J Water Resour Arid Env 1:226–
231. 

Li Y (2001) Groundwater recharge. Nanjing Institute of Hydrology and Water Resources, China. 
Mainuddin M, Kirby M (2015) Food security in Bangladesh to 2050. Food Security 7:633–646. doi:10.1007/s12571-015-0465-6. 
Mainuddin M, Kirby M, Walker G, Connor J (editors) (2014) Sustaining water resources for food security in Bangladesh. CSIRO 

Sustainable Development Investment Portfolio project. CSIRO Land and Water Flagship, Australia, pp 108. 



28 M.A. Mojid 

Mainuddin M, Rawson HM, Poulton PL, Ali R, Roth C, Islam KM, Saifuzzaman M, Rahman MM, Quader ME, Shah-Newaz SM, 
Sarker MH, Islam MS (2013) Scoping study to assess constraints and opportunities for future research into intensification of 
cropping systems in Southern Bangladesh. Australian Centre for International Agricultural Research, Canberra. 

Mirza MMQ (1997) Hydrological changes in the Ganges system in Bangladesh in the post-Farakka period. Hydrol Sci J 42:613–631. 
MOA, FAO (2012) Master plan for agricultural development in the southern region of Bangladesh. Ministry of Agriculture, and 

United Nations Food and Agriculture Organization, Dhaka, Bangladesh, p 122. 
Mojid MA, Wyseure GCL, Sujit SK, Hossain ABM (2010) Farmers’ perceptions and knowledge in using wastewater for irrigation at 

twelve peri-urban areas and two sugar mill areas in Bangladesh. Agric Water Manage 98:79–86. 
Mullick MRA, Babel MS, Perret SR (2013) Marginal benefit based optimal water allocation: case of Teesta River, Bangladesh. 

Water Policy 15:126–146. 
Nadira SA, Shixiang L (2018) The current situation and sustainable development of water resources in Bangladesh. Am J Water Sci 

Eng 4:9–15. 
Parvez MF (2018) long-term trend of groundwater levels in north-west region of Bangladesh. MS thesis, Bangladesh Agricultural 

University, Mymensingh. 
Peacock T (1996) Guidelines for planning irrigation and drainage investment projects (Vol. 11). Food and Agriculture Organization 

of the United Nations. 
Pervez MS, Henebry GM (2015) Assessing the impacts of climate and land use and land cover change on the freshwater availability 

in the Brahmaputra River basin. J Hydrol Regional Studies 3:285–311. 
Qureshi AS, Ahmad ZU, Krupnik TJ (2015) Moving from resource development to resource management: problems, prospects and 

policy recommendations for sustainable groundwater management in Bangladesh. Water Resour Manage 29:4269–4283. 
Qureshi AS, Ahmed Z, Krupnik TJ (2014) Groundwater management in Bangladesh: an analysis of problems and opportunities. 

Research Report No. 2. Cereal Systems Initiative for South Asia - Mechanization and Irrigation (CSISA-MI). 
Rockstrom J, Barron J (2007) Water productivity in rain-fed systems: overview of challenges and analysis of opportunities in water 

scarcity prone savannahs. Irrig Sci 25:299–311. 
Shahid S, Behrawan H (2008) Drought risk assessment in the western part of Bangladesh. Nat Hazards 46:391–413. 
Shamsudduha M, Taylor RG, Ahmed KM, Zahid A (2011) The impact of intensive groundwater abstraction on recharge to a shallow 

regional aquifer system: evidence from Bangladesh. Hydrogeol J 19:901–916. 
United Nations (2015) Transforming our world: The 2030 agenda for sustainable development (New York: United Nations). 

Available at https://sustainabledevelopment.un.org/post2015/transformingourworld (accessed on 21 August 2018). 
United Nations (2017) World population prospects: The 2017 revision, Volume I-Comprehensive Tables, UN. 
WARPO, CEGIS, IWM (2000) Analytical framework for the planning of World Bank (2000), ‘Bangladesh: climate change and 

sustainable development’, Bangladesh Report No. 21104-BD, Rural Development Unit, South Asia Region, World Bank, 
Washington DC, 2003. 

World Bank (2006) Reengaging in agricultural water management: challenges and options. Directions in Development Series. The 
World Bank, Washington DC. 

World Bank (2015) Bangladesh - climate change and sustainable development. Washington, DC: World Bank. 
World Water Commission (2000) Vision commission report. A water secure world. Vision for Water, Life, and the Environment. 

Marseille, 83p. 
 


