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Abstract

Bangladesh, a low-lying country within the Ganges, Brahmaputra and Meghna River system possesses
substantial water resource from its large river network, transboundary inflow, seasonal rainfall, and groundwater
resources. However, the country faces immense challenges in managing these diverse water resources
effectively. Therefore, characterizing water resources and sector-wise consumption trends are necessary to
ensure sustainable water resource planning. The total annual renewable water resources in Bangladesh are
estimated as 1,227.03 billion cubic meters (BCM) with surface water contributing 1,205.91 BCM and
groundwater contributing 21.12 BCM. Within the surface water component, the combined discharge of the three
major rivers is approximately 0.36 million cubic meters (MCM) per second and lake water accounts for 539.60
MCM. Groundwater recharge is estimated as 28-65 BCM/year while the country receives an average annual
precipitation of 2,320 mm. Bangladesh has around 70 desalination plants each capable of producing 10 m?/day of
drinking water while wastewater treatment facilities process approximately 106.52 MCM/year. The total dam
storage capacity in the country is 6,477 MCM. The total annual water withdrawal was 35.90 BCM of which
28.48 BCM came from groundwater and 7.39 BCM from surface water. Among the total water consumption,
agriculture consumed 88%, municipal use accounted for 10%, and industrial use was 2%. This study helps in
understanding the resource availability, demand patterns and potential for optimizing the use of different water
resources for sustainable management which can aid in reaching Sustainable Development Goals (SDGs) of
Bangladesh.
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1 Introduction

Bangladesh, located in Southern Asia, is mostly made up of low-lying river plains. The country has a warm
monsoon climate, leading to noticeable seasonal changes in temperature and rainfall (FAO, 2014). The growing
population coupled with urbanization and improved living standards, is increasing domestic, industrial, and
agricultural water demand. To meet these needs, Bangladesh relies on a combination of renewable and non-
renewable water sources. The total estimated renewable surface water is about 1,205.91 BCM, and renewable
groundwater is approximately 21.12 BCM. In 2022, the total renewable water resources per capita were
estimated at 7,244.05 m® (FAO, 2022). While this value reflects the country’s overall water endowment, the
actual availability of groundwater is influenced by aquifer properties and the volume of annual recharge.
Bangladesh’s quaternary alluvial deposits form a large, productive aquifer system with good storage and
transmissive capacity. Rainfall, flooding, and river inflow are the major sources of recharge, particularly during
the monsoon (FAO, 2014). The monsoon season contributes approximately 80% of the total precipitation, and
the country receives about 2,320 mm of rainfall each year; this rainfall is uneven throughout the country, being
lowest in the northwest at 1,110 mm and increasing to a maximum of 5,690 mm in the northeast (FAO, 2014). In
Bangladesh, annual rainfall varies considerably; for instance, in 2017 the country’s average annual rainfall was
2,656 mm, corresponding to a depth of 2.77 m, whereas in 2018 it declined significantly to 1,796 mm, or 1.84 m
(BWDB, 2019). In addition, lakes in Bangladesh lose roughly 1,040 mm of water annually through evaporation,
which represents about 45% of the country’s average yearly rainfall (FAO, 2014), with monthly averages
ranging from 51 mm in winter to 183 mm in summer (BWDB, 2019).

In light of these complexities, it is essential to assess both water availability and consumption trends to ensure
long-term sustainability. This study investigates the availability of surface and groundwater resources, analyzes
sector-wise water consumption trends, evaluates the feasibility of nontraditional water sources such as treated
wastewater and desalinated water to achieve sustainable water resource management in Bangladesh.
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2 Resource Characterization

2.1 Groundwater Resources

Bangladesh, mainly situated in the Bengal Basin and covering a large part of the Ganges-Brahmaputra-Meghna
(GBM) delta, has a tropical monsoon climate along with geological and hydrogeological features, which
indicates substantial groundwater storage potential (Zahid & Ahmed, 2006). According to FAO (2022), the total
renewable groundwater resources in Bangladesh amount to 21.12 BCM/year, of which 21.09 BCM are produced
internally. This indicates there is an annual net influx of groundwater from outside sources of approximately 0.03
BCM. Also, there is a 0.03 BCM annual reported outflow of groundwater to adjacent nations, indicating that
cross-border groundwater exchange is balanced and limited (FAO, 2022). In addition, the estimated groundwater
availability in the Ganga Basin for Bangladesh is 64.6 BCM (Zahid et al., 2009). Moreover, sediments carried by
the GBM river system, originating from the Himalayas, have been deposited as some of the thickest fluvio-
deltaic layers in the world, ranging in age from the Miocene to the Recent period (Aggarwal et al., 2000; Zahid
& Ahmed, 2006). These sediments, consisting of unconsolidated deposits from the Pleistocene to Recent periods
of fluvial and estuarine origin, underlie much of Bangladesh and host highly productive freshwater aquifers
(Zahid & Ahmed, 2006). However, apart from the Dupi Tila sandstone formation of Plio-Pleistocene age, most
of the deeper sediment layers are generally too deep for groundwater extraction, except in the hilly areas
(Aggarwal et al., 2000). The presence of multiple aquifers of varying depths and ages has led to a systematic
classification of the country’s aquifer system. On a regional basis, BWDB-UNDP (1982) identified three
aquifers, designated as the Shallow (1st), Main (2nd), and Deeper (3rd) aquifers. From a geological perspective,
aquifers in Bangladesh are generally classified into Plio-Pleistocene aquifers and Late Pleistocene—Holocene
aquifers, which can be further subdivided into Late Pleistocene—Early Holocene, Middle Holocene, and Upper
Holocene aquifers (GED, 2018). Based on their age, and excluding the hilly regions, aquifers in the floodplains,
delta, and terrace areas can be grouped into two main categories: Pleistocene aquifers and Holocene aquifers
(Zahid & Ahmed, 2006). Additionally, BGS & DPHE (2001) proposed a three-tier system for aquifer zones,
comprising the Upper-Holocene (1st) aquifer, Mid-Holocene (2nd) aquifer, and Late-Pleistocene to Early-
Holocene (3rd) aquifer. Table 1 summarizes the aquifer properties of Bangladesh.

Table 1. Summary of Aquifer Properties in Bangladesh (Aggarwal et al., 2000; Zahid & Ahmed, 2006)

Aquifer Formation Location Thickness Water Quality
(m)
The Shallow Very fine to fine sand ~ Northwest site to 1-60 Contains Na-CI-HCO3
Aquifer South site
The Main  Medium and coarse-grained Northwest site to 5-75 Contains Na-Cl-HCO3
Aquifer sandy sediments South site
The Deeper  Fine sand, silt, and clay. Southern site,  190-1500 Contains Na-Ca-Mg-CI-HCO3
Aquifer Northwestern site TDS=600-1000
pH = 6.5-8.5

2.2 Surface Water Resources

In Bangladesh, surface water comprises river flow, water held in reservoirs and other standing water bodies like
lakes and ponds, water in seasonal wetlands, and storage within streams (IUCN and BFD, 2016). The surface
water produced internally in Bangladesh is estimated at 83.91 BCM/year. In addition to this, surface water
entering the country is estimated at 1,122.00 BCM annually. As a result, the total external renewable surface
water amounts to 1,122.00 BCM, with only 0.06 BCM/year is reported to leave the country. These estimates
indicate that the country’s total renewable surface water resources are around 1,205.91 BCM/year (FAO, 2022).
Bangladesh is home to approximately 1,415 rivers, including tributaries and distributaries, which serve as the
primary sources of freshwater for various uses (BWDB, 2025). Among these, the three largest rivers are the
Ganges, Brahmaputra, and Meghna (BWDB, 2011). Among the principal rivers are the Padma, Meghna, Jamuna,
Brahmaputra, Dhaleswari, and Karnafuli, along with smaller rivers like the Buriganga, Sitalakhya, Tista, and
Gumti (DOE, 2016). The Ganges River flows about 230 km in Bangladesh, with discharge ranging from
530 m¥/s in the dry season to a peak of 75,000 m*/s. The Brahmaputra River, flowing 337 km in Bangladesh, has
an average discharge of 20,000 m%/s, peaking at 100,000 m*/s. The Meghna River flows 156 km as the Upper
Meghna and 65 km as the Lower Meghna, with discharges varying from 2 m%/s in the dry season to 20,000 m?/s
in the Upper Meghna and up to 160,000 m>/s in the Lower Meghna during peak monsoon (FAO, 2014; DBHWD,
2016a). Table 2 summarizes the properties of major rivers of Bangladesh.
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Table 2. Hydrological and Water Quality Characteristics of Major Rivers in Bangladesh (BWDB, 2025; DOE,
2016; FAO, 2014)

River Name Length Discharge (m?%/s) Water quality parameters
(km) Dry Monsoon Average pH TDS BOD DO
mg/1 mg/1 mg/l
Ganges 230 530 75000 11191  6.22-7.78  127-877 2.6-89 2.65-7.23
Brahmaputra 337 - 100000 20,000 7.25-7.97  84-218 1-10 2.67-7.6
Jamuna 251 - 48,000 19,600  7.4-7.6 157-175 2.2-48 6.1-7.62
Upper Meghna 156 2 20000 6786  6.35-8.17 28.7-258 0.6-17 0.9-8.11
Lower Meghna 65 - 160000 - 6.35-8.17 28.7-258 0.6-17  0.9-8.11
Padma 121 3,310 118,000 41,227 6.35-8.06 77.9-132 0.9-10  6.78-8.9
Teesta 120 4 8,710 861 7.38-7.62 127-175 2.1-2.5 7.45-7.62
Kushiyara 212 25 2,960 658 7.48-8.79  70-111 2.7-23  7.65-8.81
Surma 223 224 2810 541 7.12-7.69  85-151 2.3-3.6  7.13-8.27
Karnafuli 46 0.20 18.50 - 6.81-8.39 118-19140 3-14  6.42-8.85

In addition to rivers, lakes are vital surface water bodies that contribute to water availability, flood regulation,
and ecosystem services (Hansen et al., 2012; Uddin et al., 2023). Bangladesh has both natural and artificial lakes.
Kaptai Lake, the largest artificial lake, spans 688 km? with a water surface area of 583 km? (Lima et al., 2023).
Prominent natural lakes include Boga Lake, which is about 46.54 m deep with a water volume of approximately
1,001,979 m? and Raikkhyang (Pukurpara) Lake which reaches a depth of 28 m and covers an area of
approximately 0.397 km? (Islam & Debnath, 2017; Nath et al., 2012). Urban lakes in Dhaka city, including
Hatirjheel, Dhanmondi, Gulshan, Banani, Ramna, and Crescent, occupy notable surface areas. The
corresponding surface areas and volumes of these lakes are presented in Table 3.

Table 3. Physical Characteristics of Selected Lakes in Bangladesh (Debnath, 2017; Islam & Rahaman et al.,
2017; Lima et al., 2023; Pasha et al., 2023; Uddin et al., 2023)

Name of lakes  Surface Area Length Width Depth Volume

(km?) (Km) (m) (m) (x10°m’)
Kaptai Lake 583 - - 9 524.7
Dhanmondi Lake 0.37 3 35-100 4.77 0.966
Hatirjheel Lake 0.79 4.1 64.04-460 2.6 2.793
Gulshan Lake 1 3.89  64.04-203.51 2.5 1.301
Banani Lake 0.327 343  21.89-116.54 2.0 0.475
Ramna Lake 0.75 0.81 9-94 2.19 8.345
Crescent Lake 0.5 0.65 - 1.98
Bogakine Lake 0.061 - - 46.54 1.001
Pukurpara Lake 0.397 1.62 - 28 -

Beyond rivers and lakes, haors form another significant component of Bangladesh’s surface water system. In
northeastern Bangladesh, haors are extensive bowl-like depressions formed between river levees or upland areas.
There are nearly 373 haors across the districts of Sunamganj, Habiganj, Netrakona, Kishoreganj, Sylhet,
Maulvibazar, and Brahmanbaria, encompassing roughly 19,900 km? (BHWDB, 2012). Table 4 highlights the
total area, haor area and number of haor in each district. The haor areas are fed by runoff from the slopes of the
Shillong Plateau to the north and the Tripura Hills to the southeast, both located across the border in India
(DBHWD, 2016b).

Bangladesh has dams that support water storage and management, but the Kaptai Dam is the country’s only
facility generating electricity from hydropower (Nobi, 2021). Built as an earth-fill embankment, it forms the
Kaptai Lake reservoir and utilizes the flow of the Karnafuli River, which constitutes its main basin (Nobi, 2021).
The dam is 670 m long, 45.7 m high, and has a crest width of 7.6 m, with water levels ranging from 20.1 m to
33.5 m, while its reservoir spans 11,000 km? and holds 6,477 million cubic meters of water (Nobi, 2021; Zinia &
Palash, 2022).
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Table 4. Haor Area of Bangladesh (BHWDB, 2012)

District Total Area of the District Haor Area No. of Haors

(km?) (km?)

Sunamganj 3670 2685.31 95
Sylhet 3490 1899.09 105
Habiganj 2637 1095.14 14

Maulvibazar 2799 476.02 3
Netrakona 2744 793.45 52
Kishoreganj 2731 1339.43 97

Brahmanbaria 1927 296.16 7
Total 19998 8584.6 373

2.3 Desalinated Water
In the coastal regions of Bangladesh, increasing salinity has created a severe shortage of freshwater. Districts

such as Bagerhat, Barguna, Barisal, Bhola, Khulna, Jhalakati, Pirojpur, and Satkhira are among the worst
affected, with salinity projected to rise to 26% by 2050 and potentially exceeding 55% in highly vulnerable areas
like Chittagong, Barisal, and Khulna (Sabnam et al., 2020). To provide safe drinking water, initiatives such as
the Paikgacha desalination plant, which generates approximately 80 m*/day (Sabnam et al., 2020), and around 70
Reverse Osmosis (RO) plants across six coastal districts, each capable of producing about 10 m3/day when in
operation (PKSF, 2022).

2.4 Treated Waste Water

Bangladesh produces about 4,874 MCM of domestic and 452 MCM of industrial wastewater annually, yet only
2% is treated, with the rest discharged into the environment (Islam, 2023). Dhaka Water Supply and Sewerage
Authority (DWASA) supply around 2.55 MCM/day of water, generating approximately 0.091 m® of wastewater
per capita per day, but only about 20% is processed (DWASA, 2018). The city relies mainly on the Pagla
Sewage Treatment Plant (STP), which has a peak capacity of 0.12 MCM/day but currently treats only 0.03-
0.04 MCM/day due to trunk main and sewer damage. To expand capacity, DWASA constructed the Dasherkandi
STP, designed for 0.5 MCM/day, serving the Hatirjheel, Tejgaon, and Gulshan areas. Overall, wastewater
generation in the DWASA service area is estimated at 1.25 MCM/day (DWASA & Grontmij, 2012), while no
official statistics exist for rural wastewater management (Islam, 2023).

3 Sector-Wise Water Consumptions

Population growth and changing lifestyles significantly influence municipal water demand in Bangladesh
(Chowdhury & Al-Zahrani, 2015). The country’s population has reached 171.47 million, growing at an annual
rate of 1.2% (World Bank, 2025). This growth is reflected in rising water withdrawals for municipal use, which
increased from 3,490 MCM in 2007 to 3,600 MCM in 2008, an annual growth of approximately 3.15%.
Municipal withdrawals currently account for about 10.04% of the nation’s total water use (FAO, 2022).
Alongside municipal demand, industrial water use is an increasingly important component of Bangladesh’s
overall water withdrawal. Major water-intensive industries include textiles, tanneries, steel, and paper (Haque et
al., 2021). Industrial water withdrawal is approximately 770 MCM/year, or 4.55 m® per capita, representing
2.15% of the total national water use (FAO, 2022). Groundwater supplies about 98% of industrial water demand,
with the textile sector alone consuming 4.01 MCM/day (Haque et al., 2021). The International Finance
Corporation (IFC) estimates that textile factories use 0.25-0.30 m® of water per kilogram of fabric, while
processing one ton of wet salted hides in the country’s 155 tanneries requires nearly 40 m*® of water (Sagris et al.,
2015). Despite the growing municipal and industrial demand, agriculture remains the dominant water-consuming
sector and a critical contributor to national GDP (WARPO, 2021). In 2008, agricultural water withdrawal was
approximately 31,500 MCM, representing 88% of the total 35,870 MCM withdrawn and about 2.57% of the
country’s renewable water resources (FAO, 2014). Within agriculture, rice consumed the largest share of water
at 88.2%, followed by vegetables (4.5%), other cereals (3.7%), spices and condiments (1.4%), oilseeds (1.3%),
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and pulses (0.9%) (Mahmud et al., 2021). Overall, agriculture accounts for roughly 75-80% of total national
water use, highlighting its dominant role in Bangladesh’s water demand profile (WARPO, 2021).

4 Conclusions

This study characterizes the water resources and sectoral water demands across Bangladesh. The quantity of
groundwater resources in Bangladesh is 21.12 BCM/year, while the amount of groundwater produced internally
is 21.09 BCM annually. The total renewable surface water resources is estimated as nearly 1,205.91 BCM/year,
among which 83.91 BCM is produced internally. Majority of the remaining surface water (1,122 BCM) enters
the country from neighboring regions. This heavy dependence on water from outside the country means that
Bangladesh's water availability is closely tied to what happens upstream, including how other countries manage
and use those shared rivers. Water consumption across different sectors in Bangladesh has been increasing over
the years. Agricultural water withdrawal has been found to be 31,500 MCM, Municipal and Industrial water
withdrawal has been found as 3,600 MCM and 770 MCM respectively. To counter the rise in salinity, Paikgacha
desalination plant, with production capacity of 80 m3/day and around 70 Reverse Osmosis (RO) plants across six
coastal districts, with production capacity of 10 m? daily. In Bangladesh, around 5,326 MCM/year of wastewater
is generated in total from domestic and industrial sources, but only about 2% is treated which is 106.52 MCM.
This underscores the pressing need for investment in wastewater treatment infrastructure and stronger regulatory
enforcement. However, these initiatives remain limited in scale compared to the growing demand for freshwater.
A detailed integrated approach is required to ensure sustainable water management for the country.
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