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Abstract: Dhaka city, having a population of about 18 million, depends heavily on groundwater as 
a source of quality water. However, the city is encountering a rapid depletion of groundwater, and 
its groundwater-based water supply is at risk of failure. This study was carried out to analyze the 
groundwater depletion scenarios occurring from 1970 to 2019 in the city and to find suitable options 
to sustain its water supply. The trends in groundwater levels (GWLs) were quantified by the non-
parametric Sen’s slope and their significances were assessed by the modified Mann-Kendall test. 
Contour maps of GWL were generated to develop the contemporary GWL scenario in the city. Key 
informant interviews (KIIs) with the Dhaka Water Supply and Sewerage Authority (DWASA) offi-
cials, groundwater experts and researchers, in addition to semi-structured interviews with the 
DWASA consumers were conducted to assess current adaptation practices and to develop potential 
adaptation options. The effectiveness of the options was assessed by strengths, weaknesses, oppor-
tunities and threats (SWOT) analysis and the options were ranked through a normalization process 
of the weights given by the KIIs for future adaptabilities. The GWLs were found to be decreasing 
all over the city, varying from 0.6–2.4 m/year. The contour maps demonstrated that the groundwa-
ter of the central area had depleted more than the peripheral areas. The locations vulnerable to 
severe groundwater depletion were identified to be the Khilgaon, Sobujbagh, Motijheel, Dhan-
mondi, and Sutrapur areas and some parts of the Cantonment and Mirpur areas. Potential options 
identified were adopting more surface water treatment plants, rainwater harvesting, implementing 
a block tariff system, reducing non-revenue water, metering water consumption, and promoting 
public awareness. Spatially-varying adaptation strategies were also suggested for different zones. 
Some measures adopted by DWASA were not supported by the respondents. 
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1. Introduction 
Dhaka city is the economic, administrative and educational center of Bangladesh, 

and the city has evolved into one of the largest megacities in the world over the past dec-
ades [1]. The city is dependent mainly on groundwater for its water supply. However, 
rapid, unplanned expansion of the city and uncontrolled drilling of wells have caused 
immense pressure on its vital water source [2,3]. The Dhaka Water Supply and Sewerage 
Authority (DWASA) is solely responsible for supplying piped water in the city for do-
mestic and commercial purposes and currently supplies about 68% of its water from the 
underground sources [4]. The total estimated abstraction is about 5.9 million m3/d, of 
which DWASA supplies around 2.75 million m3/d from approximately 920 deep 
tubewells [4]. This colossal pumping, however, has caused groundwater levels (GWL) to 
drop more than 60 m over the last half-century, and the GWLs are currently declining at 
a rate of more than 3 m per year in the city center [5,6]. 
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As the city is located adjacent to the tributaries/distributaries of the gigantic Ganges-
Brahmaputra-Meghna river system, it should ensure induced recharge through the beds 
of the rivers surrounding the city [7]. However, the subsurface geology of the city consists 
of Madhupur clay in the upper layer, which is an aquitard. This layer is 6 to 12 m-thick in 
most parts of the city, which retards vertical recharge from rainwater infiltration and hor-
izontal recharge from riverbed seepage [2,8–10]. Hence, the Dhaka aquifer gains most of 
its recharge through underground horizontal inflow, which is not sufficient to maintain 
groundwater balance given the rate of abstraction [11]. To meet the growing water de-
mand of the city, the DWASA, along with private users, accelerated the rate of abstraction 
by installing more and more deep tubewells, as abstraction is not directly regulated or 
priced in the city and involves only pumping costs. The users also did not meter the vol-
ume of water usage from their tubewells [12]. Furthermore, the rechargeable areas are 
being reduced gradually due to the expansion of urban areas and infrastructures, and as 
a result, the natural water recharge to the aquifers could not keep pace with water with-
drawal in the last two decades [13].  

If such declination continues and the conditions of insufficient recharge of ground-
water persists, the average static water level in the city would decline by 161 m by the 
year 2050 [13]. Many deep tubewells would become inoperative by that time. The water 
abstraction cost would increase and many people, particularly the poor, might be left out 
of formal water services. This has health, gender, social and economic ramifications. Thus, 
the groundwater-based present water supply in the city faces a future threat of an acute 
water crisis. Moreover, the fundamental policy and legal frameworks of the country, the 
National Water Policy (1999) and Bangladesh Water Act (2013), lag to provide effective 
guiding principles on permission and extraction limit of groundwater, monitoring and 
protecting quality water, and suggesting water-harvesting procedures and recharge 
mechanisms of the aquifer [12]. To avoid groundwater resource overrun, land subsidence 
due to hydrostatic pressure reduction, takeover by the market of basic water supplies and 
social inequity arising out of poor water services, etc., in Dhaka city, locally grounded, 
integrated and sustainable water management strategies are needed.  

Countries that have experienced similar situations for various reasons have under-
taken many strategies to ensure a sustainable water supply. The farmers and other stake-
holders of East Anglia, UK, adopted groundwater management practices at different 
scales (national to farm) for developing adaptive capacity within groundwater abstraction 
management systems vulnerable to a changing climate [14]. India started practicing Man-
aged Aquifer Recharge (MAR) in many areas for irrigation and the recharging of ground-
water [15–17]. Australia has diversified the water supplies for some cities by adding reuse, 
groundwater, and desalination sources [18]. To limit groundwater overexploitation in 
South India, a participatory approach of building adaptation scenarios with stakeholders 
was applied and two policies, using ponds to harvest runoff water and drip irrigation to 
conserve water, were identified as consensual [19]. The key challenges involved in the 
development of an adaptive and sustainable groundwater management system in South 
Africa were identified through conducting interviews with experts [20]. The key chal-
lenges included the undervaluation of groundwater importance and significance, the 
need for expertise and information at all scales, and others. Household water consump-
tion patterns and management practices were investigated based on a questionnaire sur-
vey in Jaffna district, Northern Sri Lanka [21]. The effectiveness of different water man-
agement interventions, such as increasing recharge, reducing per capita consumption, 
having additional water sources, reducing non-revenue water, and installing a water 
treatment plant, to meet future water demand were compared. In Rawalpindi, Pakistan, 
the groundwater level was decreasing at a rate of 1.38 m per year due to urbanization [22]. 
Preservation of green areas, control of excessive water use through volumetric pricing, 
wastewater reclamation for non-potable uses, etc., were suggested as potential measures 
in the study. 
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Though many studies are available on water management in cities, the studies avail-
able on Dhaka city are only a few. Ahsan [23] examined some water sector adaptation 
strategies where new and potential opportunities and strategies were proposed for Dhaka 
and also for Ankara. The author suggested small- and large-scale surface water treatment 
plants as supply-side adaptation strategies, and the use of technologies such as auto-
switching pump controllers, water metering systems and freshwater automated teller ma-
chine booths, along with long-term behavioral changes as demand-side adaptation strat-
egies to reduce water consumption by users. Hossain and Bahauddin [24] recommended 
developing an Integrated Water Resource Management system to overcome water-related 
problems in Dhaka and recognized approaches such as groundwater recharge, rainwater 
harvesting (RWH), effective water pricing, and water recycling and reuse as alternate sup-
ply and demand management tools. In a recent study [25], compliance with the Bangla-
desh Water Act (2013), allocation of resources to relevant government organizations, reg-
ulation of groundwater withdrawal, finding of alternate water sources, and MAR are sug-
gested as potential options to arrest groundwater declination. The above studies on adap-
tation options for Dhaka are based on secondary data or information, and the suggestions 
provided therein to solve water supply problems are without adequate assessment of their 
applicability and acceptability. 

To sustain the water supply system for Dhaka, updated information on groundwater 
depletion and a closer examination of the declination trends are needed. It is also essential 
to find out potential options based on local perceptions and experiences to meet the future 
water demand of the city. To alleviate the pressure on the city’s groundwater sources and 
to meet water demand immediately, several adaptation actions are being practiced by 
DWASA. However, these adaptation practices mostly focus on supply-oriented manage-
ment, and demand-oriented management has not received due attention. Moreover, col-
lation and assessment of the effectiveness of these practices had not been performed yet. 
This study attempts to fill in these gaps by identifying suitable options to manage the 
water supply of Dhaka. The specific objectives were to determine the trends in ground-
water level decline and to identify suitable adaptation options in managing the water sup-
ply of Dhaka. 

2. Materials and Methods 
2.1. Study Area 

The geographical area of this study includes the Dhaka Metropolitan City and the 
Dhaka-Narayanganj-Demra (DND) areas. The target area is surrounded by the Tongi Khal 
to the north, the Turag-Buriganga river system to the west, the Balu River to the east, and 
the Sitalakhya River to the south (Figure 1). The northern and central parts of Greater 
Dhaka are occupied by the southern part of the Madhupur Tract. The rest of the area is 
covered by the floodplains of the major rivers. Ground elevation of the city varies from 
0.5 m to 12 m above the Public Works Datum [26]. The DWASA has divided the area into 
10 Maintenance Operation Distribution Services (MODS) Zones and Narayanganj MODS 
to cater the water supply, sewerage and stormwater drainage services to the dwellers. 
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Figure 1. Map of the Study Area with MODS Zones and GWL Stations. 

The aquifer system in the Dhaka area is the Pilo-Pleistocene Dupi Tila formation. This 
unconsolidated sediment has four aquifer layers from the surface to a depth of 364 m with 
variable thicknesses [4]. The groundwater recharge condition of Dhaka is not similar to 
that of other parts of the country. During the wet season in other parts, the unconfined to 
semi-confined types of aquifer layers gain most recharge through vertical percolation 
from precipitation and surface runoff. However, in Dhaka, the aquifer layers are covered 
by a thick Pleistocene clay layer, and the top surface area is also covered with impervious 
surfaces, such as roads and buildings, which are man-made in general. The clay layer and 
impervious surfaces restrict or retard vertical percolation. With the development of the 
city, wide roads and other paved areas, the unpaved areas, natural depressions and agri-
cultural lands were replaced. In many cases, natural drainage canals and open water bod-
ies were filled up for the development works. Unequal urbanization in the country and 
the concentration of urban services, employment and business opportunities in Dhaka has 
transformed it into a megacity [27]. The absence of adequate parks, open water bodies, 
and drainage systems has degraded the quality of living in the city in many ways. 

2.2. Data Collection 
Secondary data on groundwater levels were collected from the Bangladesh Water 

Development Board (BWDB) and DWASA for assessing and mapping groundwater level 
declination trends. The severely depleted groundwater zones were identified from the 
contour map. The Ground Water Hydrology Directorate of BWDB has a groundwater 
level-monitoring network of 1250 piezometers throughout the country. Twenty-one of 
these piezometric observation wells are within the Dhaka city area and were considered 
to assess the declining long-term trend in shallow aquifer groundwater level. The 
DWASA has 19 twin monitoring wells in the Dhaka city area, which were considered to 
assess the short-term changes in shallow and deep-aquifer GWLs. The piezometric head 
distribution in the aquifer system from the twin wells provides valuable information on 
the patterns of groundwater fluctuations and reflects the availability and sustainability of 
the groundwater resources. The time series data spanned from 1970 to 2019. Other sec-
ondary information on water production, number of deep tubewells, water tariff, etc., 
were collected from the relevant governmental and non-governmental organizations. 



Sustainability 2022, 14, 1518 5 of 24 
 

Primary data were collected for assessing adaptation options to reduce groundwater 
level declination and for better water management in Dhaka. These data were collected 
from Key Informant Interviews (KIIs) and Semi-structured Interviews (SSIs) using pre-
tested checklists. A total of 17 KIIs were conducted in 2020 and the respondents included 
the directors of different projects of the BWDB and DWASA, academicians from two pub-
lic universities based in Dhaka (the University of Dhaka and Bangladesh University of 
Engineering and Technology), and professionals from different non-governmental organ-
izations. A total of 165 SSIs with consumers of the DWASA from the severely groundwa-
ter-depleted areas of Dhaka were conducted in 2020 and 2021 to compare the overall wa-
ter-supply scenarios. 

2.3. Statistical Method for Groundwater Level Trend Analysis 
The trend in groundwater levels at each observation well was estimated by a non-

parametric technique called Sen’s slope estimator. The Modified Mann-Kendal (MMK) 
test was used to assess the significance level of the trend as a nonparametric test. The 
significance assessment required the computations of the Normalized Test Statistic (Z), 
the Mann-Kendall Statistic (S) and the variance of S. The test was conducted at a 5% sig-
nificance level. If the p-value was less than 0.05, it was concluded that there was a signifi-
cant trend in the groundwater level of that particular observation well. 

2.3.1. Sen’s Slope Estimator 
If a linear trend is present in a time series, then the slope (change per unit of time) 

can be estimated using a simple nonparametric procedure suggested in Sen [28]. It is 
widely used for determining the magnitude of the trend in hydro-meteorological time 
series [29,30]. In this method, the slope estimates of N pairs of data are first calculated 
using the following expression:  Q୧= 

Xj −  Xk

j −  k    for i = 1, 2, 3, ……., n (1) 

where, Xj  and Xk are the data values at times j and k (j > k), respectively. The median of 
these n values of Q୧ is the Sen’s estimator of slope which is calculated as: 

β= ቐ Q(୬ ା ଵ)/ଶ                               n is odd
1
2  (Q୬/ଶ + Q(୬ ା ଶ)/ଶ)       n is evenቑ (2) 

A positive value of β indicates an upward (increasing) trend and a negative value 
indicates a downward (decreasing) trend in the time series data. 

2.3.2. Modified Mann-Kendal Test 
The Mann-Kendall (MK) test [31,32] does not require the data to be distributed nor-

mally. The advantage of the test is its low sensitivity to abrupt breaks due to inhomoge-
neous time series [29]. The MK test has been widely used to assess the significance of 
trends in hydrological and meteorological time series [33–36]. 

The test starts with the evaluation of the MK statistic, S, defined as: 

S = ∑ ∑ sgn(Xj
n
j = i + 1n ି1

i = 1 −  Xi )  (3) 

where, X1, X2, X3…………., Xn represent n data points with Xj representing the data point 
at time j in the time series, and Xj−Xi  = θ. 

sgnθ = ൝ 1 if θ > 0
0 if θ = 0−1 if θ < 0 

ൡ (4) 

Under the assumption that the data are independent and identically distributed, the 
mean, E(S), and the variance of the S statistic, Var(S), are given as: 
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E(S) = 0  

Var (S) = n (n −  1)(2n + 5) −  ∑ ti(ti −  1)(2ti + 5)mi=118  (5) 

where, m is the number of groups of tied ranks, each with ti tied observations. 
Equation (5) has also been modified based on the assumption that data are autocor-

related, and therefore the autocorrelation is to be estimated from the data [37]. When the 
data are actually independent, the assumption of autocorrelation may lead, in some cases, 
to failure to identify true trends, thus reducing the power of the test. This is due to the 
uncertainties in evaluating the autocorrelation in the data, especially with small samples. 
In the Modified Mann-Kendal (MMK) test, the effect of all significant autocorrelation co-
efficients is removed from a data set [37]. It is robust in the presence of autocorrelation in 
the data. In the MMK test, a modified variance of S, denoted as Var(S)*, is used as follows: Var (S)*=V (S) nn* (6) 

where, n* is the effective sample size. The n/n* ratio is computed using the following equa-
tion [37]: nn*  = 1 +  2n(n −  1)(n −  2) ෍ (n − 1)(n −  i −  1)(n −  i −  2)rin = 1

i = 1  (7) 

where, n is the actual number of observations and ri is the lag-i significant autocorrelation 
coefficient of rank i of the time series. Once the Var(S)* is computed from Equation (6), the 
Z value and the corresponding significance level (p-value) of the one-tailed test are com-
puted as: 

Z = 

⎩⎪⎪
⎨⎪
⎪⎧ S - 1ටVar (S)*

    If S > 0
      0                   If S = 0

S + 1ටVar (S)*
       If S < 0⎭⎪⎪

⎬⎪
⎪⎫

 (8) 

p = 0.5 - ∅(|Z|)  ∅(|Z|) = 
1√2π

න e
ିt2

2
|Z|

0
 dt (9) 

The Z values are approximately normally distributed. A positive Z value larger than 
1.96 (based on a table of the normal probability distribution) denotes an increasing trend 
at a significance level of 0.05, whereas a negative Z value lower than −1.96 indicates a 
decreasing trend. To denote the exact significance level of the trend, the p-value is used. 
If the p-value is small enough (<0.05), the trend in the time series is quite unlikely to be 
caused by random sampling. The estimation of the Sen’s slope and the testing of its sig-
nificance were carried out with the Statistical Software for Excel (XLSTAT), version 2021.4. 

2.4. Mapping of Groundwater Level Depletion Trend 
After determining the depletion rate, the contour map of groundwater levels was 

plotted to spot the rapidly depleting area. From the groundwater level data of BWDB, the 
long-term trends in the annual maximum, minimum and median groundwater levels 
were estimated. Then, with these trend values, the contour maps of the maximum, mini-
mum and median groundwater level trends were prepared using the Arc-GIS 10.3 soft-
ware. Firstly, a geospatial raster surface was created from the individual groundwater 
levels of the observation wells by the inverse distance weighted interpolation technique. 
This method interpolates values based on the measured values at nearby locations 
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weighted by distance from the interpolation location. Then, the contour map was created 
from the raster file with a contour interval of 0.1 m/year. Using the available short-period 
twin monitoring well data of DWASA, the contour maps of the maximum and minimum 
depths to groundwater levels in both the shallow and deep aquifers were prepared. 

2.5. Identification of Potential Adaptation Options 
Severely water-stressed areas in respect to groundwater depletion were identified 

from the trend analysis and the contour maps. After that, the KIIs and SSIs were con-
ducted, which provided information about future potential adaptation options. These op-
tions were ranked according to the importance given by the respondents and through the 
normalization process. The normalization method was applied to avoid the problem of 
influences among the variables as practiced in [38,39]. The normalization process trans-
forms the dataset to a range of 0 to 1 from a multivariate scale, where different ranges of 
variance are present in the variables [40]. Each adaptation strategy was given a score of 9, 
7, 5, 3, or 1 for its potentiality, as a key informant strongly agreed, agreed, remained neu-
tral, disagreed, and strongly disagreed, respectively, for its future adaptability. The re-
maining even numbers represented intermediate levels of preference. Then, the normal-
ized value of each adaptation strategy was calculated by the following equation: 

Xn = Xi

Xmax
 (10) 

where, Xn  = normalized value, Xi  = relative score given by the key informant, and 
Xmax  = maximum score given by the key informant. 

Adding the normalized score, the potential adaptation options were ranked by their 
effectiveness as forms of water supply management to reduce groundwater depletion. By 
interviewing key experts and studying relevant reports on various projects, the current 
practices adopted by the DWASA were identified. Later, by using SWOT (Strengths, 
Weaknesses, Opportunities and Threats) analysis, each practice was assessed to stand for 
future adaptability. 

3. Results 
3.1. Present Situation of Deep Tubewell and Groundwater Extraction Level 

Over the years, the number of DTWs in Dhaka has increased enormously. Every year, 
new DTWs were installed to meet the growing demand of the city. The trend in the num-
ber of DTWs installed by the DWASA in the Dhaka city area is given in Figure 2a. The 
number of DTWs was only 30 in 1960, but had increased to 909 in 2018. This overdepend-
ence on groundwater resulted in its gradual mining. This is evident in Figure 2b which 
shows the average depth of DTWs below the ground surface. The depth of the DTW indi-
cates the groundwater extraction level within the tubewell. The groundwater was ex-
tracted from 60 m below the ground surface in 1960, but this had grown to 375 m in 2019. 
Thus, groundwater mining occurred throughout the period.  
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Figure 2. Present Situation of DTWs in Dhaka city: (a) Number of DTWs over the years 1960 to 2019; 
(b) Depth of DTWs below ground surface over the years 1960 to 2019. 

3.2. Long-Term Declination in Shallow Aquifer Groundwater Level 
3.2.1. Rate of Declination 

The nonparametric trend in the annual average groundwater levels at each observa-
tion well was estimated using the Sen’s slope. The results are given in Table 1. Out of 21 
observation wells, 19 wells show a negative trend, and the remaining two wells show a 
positive trend. The magnitude of the trend varies from −2.40 m/year for the Well ID: 
GT2654014 at South Khilgaon to 0.03 m/year for the Well ID: 2614003 at Dhamrai. The Z-
statistic also indicates a declining trend at 19 locations and a rising trend at two locations. 
The lowest Z-statistic was found for the Well ID: 2648012 at Sultangonj, Mohammadpur, 
and the highest for the Well ID: 2614003 at Dhamrai and the Well ID: 2662016 at Paragram, 
Nawabganj. According to the p-value, the declining trends are statistically significant at a 
5% level of significance (p-value < 0.05) at 17 locations, out of 19. The rising trends found 
at the two wells (Well ID: 2614003 and 2662016) were found not to be significant at a 5% 
level of significance. Thus, almost all the wells are showing a significant decreasing trend, 
which means the groundwater level is declining in Dhaka due to overextraction of 
groundwater. 

Table 1. Nonparametric Long-term Trends Estimated at Different Groundwater Observation Wells 
of Dhaka Using the Sen’s Slope and Modified Mann-Kendall Tests. 

Well ID Location 
Number of 
Data Points 

Sen’s Slope 
(m/y) 

Mann-Kendall 
Statistic (S) 

Variance 
of S 

Normalized 
Test Statistic 

(Z) 
p-Value 

Presence of 
Significant 

Trend 

GT2608001 Joar Shahara, 
Cantonment 

27 −1.34 −169 2150 −3.62 0.0003 Decreasing 
Trend 

GT2614002 
Bannal, 

Dhamrai 40 −0.10 −510 14,649 −4.21 <0.0001 
Decreasing 

Trend 

GT2614003 
Dhamrai, 
Dhamrai 14 0.03 164 11,525 1.52 0.1289 No Trend 

GT2614004 
Shaha 

Balishwa, 
Dhamrai 

24 −0.04 −355 10,481 −3.46 0.0005 
Decreasing 

Trend 

GT2616005 
Green Road, 
Dhanmondi 44 −2.29 −150 2893 −2.77 0.0056 

Decreasing 
Trend 

GT2618006 
Dayagajaria, 

Dohar 39 −0.03 −267 6327 −3.34 0.0008 
Decreasing 

Trend 

GT2618007 Sundaripara, 
Dohar 

32 −0.01 −168 13,419 −1.44 0.1494 No Trend 

GT2638008 Bamonsur, 
Keraniganj 24 −0.10 −498 20,558 −3.47 0.0005 Decreasing 

Trend 

GT2642009 
Baksibazer, 

Lalbagh 36 −1.54 −354 6529 −4.37 <0.0001 
Decreasing 

Trend 

GT2648010 
New 

Sewrapara, 
Mirpur 

27 −1.45 −744 46,440 −3.45 0.0006 
Decreasing 

Trend 

GT2650011 Mohammad
pur 41 −0.93 −545 18,839 −3.96 <0.0001 Decreasing 

Trend 

GT2650012 
Sultangonj, 
Mohammad

pur 
38 −0.78 −474 11,400 −4.43 <0.0001 Decreasing 

Trend 
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GT2654013 Maniknagar, 
Motijheel 

11 −0.62 −41 676 −1.54 0.1240 No Trend 

GT2654014 
South 

Khilgaon, 
Motijheel 

36 −2.40 −45 165 −3.43 0.0006 
Decreasing 

Trend 

GT2662015 
Nawabganj 

School, 
Nawabganj 

37 −0.05 −293 4958 −4.15 <0.0001 Decreasing 
Trend 

GT2662016 Paragram, 
Nawabganj 

40 0.01 78 2562 1.52 0.1282 No Trend 

GT2672017 Savar 38 −0.12 −491 14,481 −4.07 <0.0001 Decreasing 
Trend 

GT2672018 
Subandi, 

Savar 47 −0.35 −456 17,435 −3.45 0.0006 
Decreasing 

Trend 

GT2668019 Khilgaon, 
Sobujbag 

31 −1.62 −249 4741 −3.60 0.0003 Decreasing 
Trend 

GT2668020 
South 

Bashabo, 
Sobujbag 

28 −2.03 −360 8017 −4.01 <0.0001 
Decreasing 

Trend 

GT2688021 
Jaganath 

University, 
Sutrapur 

40 −0.52 −730 28,217 −4.34 <0.0001 Decreasing 
Trend 

3.2.2. Contour Maps of Long-Term Declination Trends 
Contour maps of the annual maximum, minimum and median groundwater level 

trends are shown in Figure 3. The three maps exhibit a similar pattern in the long-term 
groundwater level declination rates in the study area. All the contour maps illustrate that 
the central area of Dhaka, mostly the southern central area, has experienced the highest 
rate of declination. As the rates of declination are almost the same for the maximum and 
minimum groundwater levels, there is little or no further potential for natural groundwa-
ter recharge either from rainfall or from flooding during the monsoon season. All areas of 
Dhaka are undergoing a total groundwater level decline varying from 0.6–2.4 m/year. 

   
(a) (b) (c) 
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Figure 3. Contour maps of the long-term depletion trends in groundwater level: (a) annual maxi-
mum; (b) annual median; (c) annual minimum. 

The cone of depression, with an annual maximum and minimum groundwater level 
declination rate of 2.4 m/year, is found in the vicinity of the Motijheel area. The annual 
maximum groundwater level declination rate is 2.2 m/year in the Khilgaon area and, for 
the minimum, the rate is the same for both the Khilgaon and Sobujbag areas. Moderate 
declination rates of about 1.6–2.0 m/year were found near the Dhanmondi and Moham-
madpur areas. The lateral extent and magnitude in the declination rates of the Motijheel, 
Khilgaon and Sobujbag areas are larger than that of the Dhanmondi and Mohammadpur 
areas. The declination trend was increasing with time and the cone of depression was both 
increasing laterally and deepening. 

3.3. Short-term Declination in Shallow and Deep Aquifer Groundwater Levels 
The rates of groundwater level depletion in both shallow and deep aquifers based on 

recently installed observation wells by the DWASA are given in Table 2. The analysis is 
based on the available data from March 2016 to April 2019. 

Table 2. Trends in groundwater levels from the twin monitoring wells of the DWASA, installed in 
shallow and deep aquifers. 

Well ID Location Rate of Depletion (m/year) p-Value 

  Shallow Aquifer Deep Aquifer 
Shallow 
Aquifer 

Deep 
Aquifer 

GMW-01 
Moinertek, Uttar 

Khan −2.35 −2.61 0.0040 0.0188 

GMW-02 Dia Bari, Uttara −3.31 −5.03 0.0022 0.0037 

GMW-03 Kha-84/Tanpara, 
Nikunja 

−2.06 −2.92 <0.0001 <0.0001 

GMW-04 Mastul, Khilkhet −1.05 −0.41 0.0732 0.7361 
GMW-05 Beraid, Vatara −1.82 −3.67 0.0200 0.0121 

GMW-06 
Bangla College, 

Mirpur −4.45 −5.35 0.0153 0.0518 

GMW-07 BWDB Officers’ 
Quarters, Banani 

−0.96 −3.73 0.0139 0.0155 

GMW-08 Ashraful Madrasa, 
Mohammadpur n.a. −2.40 n.a. <0.0001 

GMW-09 
Khilgaon High 

School −1.34 −3.91 <0.0001 <0.0001 

GMW-10 WASA Staff 
Quarters, Gandaria 

−2.22 −2.14 0.0591 0.0243 

GMW-11 Sarulia Intake −2.02 −2.01 <0.0001 <0.0001 

GMW-13 Adamjinagar, 
Siddirgonj −2.17 −2.32 <0.0001 <0.0001 

GMW-14 
Godenail, 
Siddirgonj −0.57 −3.36 0.0014 <0.0001 

GMW-15 Twin OHT Khanpur −0.55 −1.44 <0.0001 0.0003 

GMW-16 Atipara, 
Dakkhinkhan 

−2.88 −3.79 <0.0001 <0.0001 

GMW-17 Nasirabad High 
School, Khilgaon −1.56 −1.53 <0.0001 <0.0001 
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GMW-18 
Goranchatbari 
Pump House, 

Rupnagar 
−2.33 −2.49 0.0001 <0.0001 

GMW-19 
Matbor Bari 

Mosque, 
Kamrangirchar 

1.33 −1.63 0.7248 0.6982 

Note: n.a. indicates that the data is not available. 

The declining situation in groundwater level is observed in almost all the monitoring 
wells of Dhaka. In fact, all the monitoring wells except for GMW-19 (Kamrangir Char) 
show a groundwater level declination. The rate of declination also varies from place to 
place, ranging from a few centimeters to more than a meter. Though 3 years of data are 
not sufficient to put high confidence in the actual rate of groundwater level declination, 
these recent data show a vivid situation of continuous declination in groundwater levels 
in both the aquifers of Dhaka. Thus, an overextraction of groundwater compared to an-
nual replenishment is happening for both the shallow and deep aquifer systems. 

Figure 4 shows the contour maps of the depths to groundwater level in the shallow 
and deep aquifers for the year 2018. The groundwater depletion in the shallow aquifer is 
severe mainly at the Well ID: GMW-09, Khilgaon High School. The depletion in the deep 
aquifer is severe mainly at the Well ID: GMW-09, Khilgaon High School, and Well ID: 
GMW-07, BWDB Officers’ Quarters, Banani. Thus, the short-term twin well data indicate 
that the cone of depression was highest in central Dhaka near the Khilgaon and Motijheel 
areas. This means that groundwater has depleted more in central Dhaka than in periph-
eral areas. 

  

(a) (b) 
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(c) (d) 

Figure 4. Contour maps of groundwater depths (Year 2018): (a) maximum depth in shallow aquifer; 
(b) minimum depth in shallow aquifer; (c) maximum depth in deep aquifer; (d) minimum depth in 
deep aquifer. 

3.4. Potential Options for Sustaining Water Supply in Dhaka City 
Sixteen potential options that could reduce the groundwater declination and sustain 

the water supply in Dhaka were identified from the interviews of key informants and 
DWASA water users. The options were divided into two groups: supply augmentation 
options and demand management options. Three supply augmentation options and thir-
teen demand management options were identified and SWOT analyses were conducted 
(Table 3). These options are discussed according to their ranks obtained from the normal-
ization process of their weightages. 

Table 3. Major SWOT of the identified adaptation options for water supply in Dhaka. 

Adaptation Op-
tion Strength Weakness Opportunity Threat 

Surface Water 
Treatment Plants 

Production and 
supply of bulk 

volume of water 

Time-consuming and involves 
high initial, operational and 

maintenance costs 

Recovery of GWL and reduc-
tion in chances of groundwa-
ter contamination and land 

subsidence 

Potential increase in 
pollution levels in 

the river water 
sources 

Rainwater Har-
vesting 

Low-cost local 
technology 

Feasible only for a certain pe-
riod of the year 

Availability of huge annual 
rainfall 

Risk of contamina-
tion 

Artificial Ground-
water Recharge 

Construction is 
simple and tech-
nology is cheap 

Space constraints 
Availability of high rainfall, 

suitable aquifer characteristics 
and policy frameworks 

Risk of aquifer con-
tamination 

100% Metering 

Volumetric water 
use and tariff; 

water conserva-
tion 

High initial investment cost Improved burst detection and 
leakage identification 

Non-functional wa-
ter meter and inac-
curacy in reading 
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Reducing Non-
revenue Water 

Reduction in wa-
ter loss through 
repair and re-
placement of 

faulty distribu-
tion network 

Continuous operation and 
maintenance are required 

Develop a 24-h pressurized 
system 

Sudden breakdown 
in the pipe network 

Ensuring Public 
Participation 

Mobilization of 
public support 
and acceptance 

Requires time and resources 
Can address water-related 

gender issues 

Non-representative 
participation may 
lead to undesired 

outcome 

Promoting Public 
Awareness 

Encourage water 
conservation Involves extra cost 

Can mobilize support for 
good water policy 

Can create pressure 
on utility service 

provider in case of 
poor performance 

Improving Man-
agement Capacity 

Better service de-
livery due to en-
hanced technical 
and operational 

capacity  

Requires technological, hu-
man and financial resources 

Illegal vandalism of water is 
reduced 

Lack of institutional 
coordination and 

political will 

Constructing 
Groundwater 

Plant 

Produces moder-
ate- to high-qual-

ity water with 
low energy and 

cost 

Cost of extraction rises rap-
idly as the water table falls 

Useful backup to fill in water 
supply gaps 

Over-pumping may 
render local hand 

and shallow 
tubewells inopera-

tive 

Promoting Opti-
mum Water De-

mand 

Reduces water 
footprint by pro-
moting conserva-

tion 

Lack of public awareness 
Gradually promoting sustain-

able consumption 

Not sustainable if 
equity cannot be 

maintained 

Effluent Treatment 
Plant 

Conserves water 
quality 

High capital and operation 
cost 

Implementing ‘Road to Zero 
Discharge’ 

High risk of con-
tamination 

Recycling and Re-
using Household 

Greywater 

Higher potential 
for treatment and 

reuse 

Limited financial resources 
and reliability of treatment 

Regulations and guidelines 
for greywater reuse 

Public willingness, 
social and institu-
tional acceptance 

Reforming Water 
Tariff System 

Proper valuation 
of water use 

Institutional setup and re-
quired technology can be ex-

pensive 

Different tariff structures ac-
cording to income, class, de-

mand, etc. 

Faulty meters and 
non-metered con-

nections 

Water-Saving De-
vices and Practices 

Significant 
amount of water 

can be saved 

Reluctance for extra cost with 
less water 

Local manufacturing of de-
vices can be facilitated 

Unwillingness of 
high-income users 

Wastewater Treat-
ment and Reuse 

Alleviate pres-
sure on freshwa-

ter resources 

Expensive technology for col-
lecting wastewater and treat-

ment 
Aquifer storage and recovery 

Negative impact on 
groundwater qual-

ity 

Installing Deep 
Tubewells 

Instant source for 
fresh drinking 

water 

High capital and operation 
costs 

Can be remodeled as recharge 
wells 

Risks of aquifer de-
watering, contami-

nation and land 
subsidence 

3.4.1. Surface Water Treatment Plants (Rank 01) 
The supply augmentation strategy was given the highest priority. At present, the 

groundwater is extracted from the deep aquifer. This has increased both water production 
costs and system maintenance costs. Further extraction would increase the operation cost 
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of the pumps and also deteriorate the aquifer properties. Therefore, to sustain the future 
water supply, the Surface Water Treatment Plant (SWTP) was suggested as the best op-
tion.  

One KII, the Director (Technical) of DWASA, shared his experience regarding the 
impacts of SWTP on groundwater level recovery. After the start of operation of the Padma 
(Jashaldia) SWTP phase-I in January 2019, the operation of 40 DTWs was ceased. Within 
one year, the water level recovered by 10–15 m. So, if the supply is augmented through 
an SWTP, the water production from the DTWs can be lowered, resulting in an automatic 
rise in groundwater levels. Thus, when the SWTPs are implemented, the current stress on 
groundwater will be largely minimized. The reduction in abstraction from the DTWs will 
eventually increase the GWL. However, pollution levels in the river water are a major 
threat to this strategy. 

It was also suggested by the informants that the same purpose could be served not 
only by large-scale SWTPs, but also by smaller-scale SWTPs. This would reduce the space 
requirements and reduce the operational costs and energy requirements. However, the 
thrust of DWASA has so far been on investing in the large-scale SWTPs.  

3.4.2. Rainwater Harvesting (Rank 02) 
Rainwater harvesting was recommended for areas where space is available for stor-

ing rainwater and using it later. The monsoon usually lasts from June to October and oc-
casional rainfall occurs in November. During this period, the city receives ample rainwa-
ter, which can reduce the dependency on groundwater for at least 6 months. From the 
KIIs, it was found that, if the harvested water could be used for toilet-flushing and clean-
ing houses, then 30% of water could be saved from a conventional piped water supply 
system. In addition, a one-meter rise in groundwater level due to the harvesting could 
save 0.40 kilowatt-hour (kWh) of electricity in the load-shedding-stricken city [41]. In a 
year of normal climate, about 11% to 19% of the total water supply could be supplemented 
from the RWH system, and the potential savings would be from 500 to 1337 KL of water 
and from 174 to 401 kWh of energy [42]. To put the system into practice, the government 
had already amended the Bangladesh National Building Code, 2020 [43], making the pro-
vision of RWH mandatory and also introducing awards or subsidies to encourage RWH 
for all new houses in the Dhaka Metropolitan area. However, previous governmental pol-
icies did not highlight the importance and proper process of RWH; they only focused on 
conjunctive use of rainwater [44]. Moreover, groundwater recharge by rainwater could be 
introduced and promoted. The existing urban and water policies should be reviewed and 
revised to bridge the gaps. 

3.4.3. Artificial Groundwater Recharge (Rank 03) 
The majority area of Dhaka is highly built up and paved, preventing infiltration of 

rain or surface water, and therefore, rooftop RWH for artificial recharge (AR) with lateral 
shafts in bore wells has been identified as a suitable method. One key informant, the Pro-
ject Director of the Emergency Water Supply Project, emphasized that gravity inflow 
through injection wells can be used a as recharge strategy because the construction is rel-
atively simple and requires less space, which is suitable for a highly urbanized area. 
Dhaka has the prospect of using MAR techniques to conserve excess rainwater. The upper 
Dupi Tila aquifer provides suitable characteristics and storage capacities for a MAR im-
plementation. Four basic MAR techniques, soil-aquifer treatment in limited spaces, re-
charge trenches or pits, aquifer storage and recovery/aquifer storage, transfer and recov-
ery, and natural wetlands, could be suitable for the Dhaka city area with some modifica-
tions [45]. 
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3.4.4. 100% Metering (Rank 04) 
With an effective metering system from source to end-user, the system loss can be 

calculated. At present, the DWASA has flow meters in 95% of its deep tubewells and 85–
95% of its service households depending on zones. All of the deep tubewells should be 
furnished with an effective metering system. Smart metering and automated operation of 
the flow meter along with the household meter could bring about a drastic change in wa-
ter consumption. The household connection can also be segregated to apartment level, 
and thus the exact consumption of each family can be calculated. This type of manage-
ment strategy could significantly change the perception of water use and eventually re-
duce the wastage of water. For example, the development of electronic and mechanical 
prepayment systems in South Africa brought tremendous change in the water supply sys-
tem [46]. The local tariff structure can be changed to manage information about potential 
leaks and other problems. 

3.4.5. Reducing Non-Revenue Water (Rank 05) 
Non-revenue water (NRW) is the loss of water before it reaches the customer. Losses 

can be of two categories: real losses and apparent losses. Real losses can also be termed as 
physical losses which occur through leaks or bursts of pipes, joints, etc. Apparent losses 
are sometimes called administrative losses, which are through theft, meter inaccuracies, 
etc. To reduce NRW, the DWASA is rehabilitating and replacing the existing distribution 
network and introducing a new asset management concept, ‘District Metered Area’ 
(DMA). Where each DMA distribution network is sufficiently metered to monitor and 
account for water flow, any anomaly in the system due to leakage, pilferage, etc. is quickly 
identified and remedied. The key informants apprehended that if leakage monitoring and 
control are not properly implemented, the 24 h pressurized system might incur significant 
NRW through its leakages. 

3.4.6. Ensuring Public Participation (Rank 06) 
Whilst technological and financial improvements to systems can make a significant 

contribution to water demand management, these are of little value if they are rejected by 
people because user perceptions and demands are not taken into account and are per-
ceived as irrelevant or inappropriate. Public participation is central to ensuring that the 
overall strategies, policies and individual measures are fully informed by the people’s 
perceptions, needs and capacities. This applies very much to the poor, who may easily be 
excluded from such a process. Decisions concerning service levels, cost recovery and man-
agement systems can and should be made by informed users either individually or col-
lectively, rather than by outsiders making assumptions on their behalf. Effective public 
participation is therefore needed at different stages throughout the project cycle so that: 
• The approaches adopted are informed of peoples’ perceptions, needs and capacities, 

and are appropriate; 
• People can make fully informed individual and collective decisions about the service 

they are to receive and how it is to be delivered; 
• Planners can draw on the capacity of people to formulate appropriate strategies, pol-

icies and measures; their local implementation and financing; monitoring and evalu-
ating performance; and  

• Users can voice their opinions concerning the service they receive, and the utility can 
respond accordingly. 
Measures that influence the use of water by the public, or which affect the public’s 

perceptions on the water service provider, need to be supported by measures that ensure 
public acceptance. Pilot surveys using a range of techniques, such as questionnaires, in-
terviews and focus group discussions, can give indications as to the public acceptability 
of particular measures. It is important to cover the range of existing and potential 
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consumers, including poor groups who may not have access to the formal infrastructure 
networks. 

3.4.7. Promoting Public Awareness (Rank 07) 
The involvement of stakeholders in developing a public awareness strategy is key to 

its success and sustainability. This ensures that the views of different user groups are re-
flected in acceptable policies, which can then be marketed accordingly. In comparison, a 
lack of awareness can result in a policy being rejected. 

According to the informants’ view, all of the supply augmentation and demand man-
agement options should be highlighted through media coverage. Social awareness-raising 
campaigns to establish optimum consumption levels, encourage RWH techniques and in-
stall water-saving devices should be emphasized. On the other hand, quarterly, half-
yearly and annual newsletters, leaflets, posters, discussions, etc. with a reflection of the 
DWASA’s services should be published. The DWASA should publish their achievements 
and liabilities for consumers.  

3.4.8. Improving Management Capacity (Rank 08) 
To increase efficiency in operation and management, further improvement is re-

quired in the management system. Capacity-building of DWASA officials along with 
field-level staff is required for delivering services smoothly. The key informants explained 
that the DWASA is acting as a passive respondent to any operational and maintenance 
problem. There are still many deficiencies in managerial capacity to make the DWASA 
respond actively to any problem. Technological improvement of total systems along with 
training facilities to build skilled management is needed for the smooth running of the 
DWASA. 

3.4.9. Constructing Groundwater Plant (Rank 09) 
Construction of a groundwater plant, such as the Tetuljhora-Bhakurta Well Field 

Plant, Phase-I, has great potential to increase the water supply sustainably. More aquifers 
with recharge potential near Dhaka need to be identified to construct such plants. How-
ever, over-pumping from those wells could cause temporary drawdown which could 
eventually affect the local shallow tubewell production. So, proper study on the aquifer 
system including the determination of hydraulic connectivity between upper and deeper 
aquifers is necessary before implementing any such project. By estimating annual poten-
tial recharge in the Bhakurta aquifer, it is necessary to keep the annual discharge less than 
the recharge, along with maintaining proper well spacing. 

3.4.10. Promoting Optimum Water Demand (Rank 10) 
The chief aim of this is to reduce water footprint and consumption. Water conserva-

tion is possible by adopting an optimum water consumption pattern that is sustainable in 
the long term. According to the WHO, a minimum of 50 lpcd water are required to fulfill 
the needs for consumption and hygiene in order to ensure optimum water consumption 
for the highly populated cities [47,48]. At present, water demand per capita is considered 
to be 140 lpcd. So, there is scope for trimming down the per capita water consumption. In 
the present condition, if the water footprint can be reduced by promoting sustainable wa-
ter use, groundwater depletion can be reduced significantly. 

3.4.11. Effluent Treatment Plant (Rank 11) 
Many industries and factories directly discharge effluents to the surrounding rivers 

and water bodies, and thus pollute the water. Furthermore, the factories with ETPs do not 
run their ETPs continuously or properly. Only some factories, mainly medium- to large-
scale, have quality ETPs, are keen to protect the surrounding environment, and comply 
with the DoE regulations. As was explained by one key informant, the Director General 
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of the DoE, about 52% of Bangladesh’s industries have ETPs. This indicates that about 
48% of the industries do not have any ETPs.  

The key informants emphasized the importance of the full-functioning of ETPs to 
conserve the water quality of rivers. It should be considered not only from the regulatory 
point of view, but also from the ETP management point of view. The ETP size and capacity 
should be proportional to the factory size, which should be determined differently as it 
grows and expands day by day. An approach such as ‘Road to Zero Discharge’ could 
reduce river water pollution to a tolerable limit. This will not only help restore the river’s 
water quality but also create a path to install a smaller version of the SWTP to use the 
water for drinking purposes by the DWASA. 

3.4.12. Recycling and Reusing Household Greywater (Rank 12) 
The greywater produced from washbasins, sinks, baths, showers and washing ma-

chines can be recycled and reused. Such greywater has a low level of contamination and 
hence a high potential for treatment and reuse. By appropriately matching the water qual-
ity to water needs, the reuse of greywater can replace the use of potable water in non-
potable applications. Greywater from sinks, baths and showers can be used directly to 
irrigate vegetable gardens. However, several barriers may impede the development of 
greywater recycling and reuse in Dhaka. These include limited human and financial re-
sources, reliability of wastewater treatment, energy demand for the system, the economic 
feasibility of the system, public perception and willingness, social and institutional ac-
ceptance, water rights issues and political process, and sufficient, consistent codes and 
guidelines. From an aesthetic point-of-view, public acceptance for reusing recycled water 
can be a major challenge to overcome. Recycling of greywater is based on the exclusion of 
blackwater. For this purpose, the plumbing system should be modified so that the dis-
posal of greywater and blackwater is facilitated through different pipes. Hence, the im-
plementation of a separate plumbing system for collecting greywater for treatment and 
reuse could be difficult as Dhaka has been urbanized in an unplanned way. To overcome 
these challenges, practical strategies should be employed depending on the socio-eco-
nomic conditions for the implementation of greywater recycling systems. 

3.4.13. Reforming Water Tariff System (Rank 13) 
That the present uniform tariff system is not sustainable was agreed by both key in-

formants and interviewees. The key informants highlighted the important opportunity of 
reforming the water tariff system. The existing uniform flat-tariff system is not feasible, 
and the urban poor and rich people should not pay the same rate. It could be replaced by 
the Increasing Block Tariff (IBT) system, Area-Based Tariff System, or both. Many South 
Asian cities, such as Bangalore, Chennai, Hyderabad, Colombo, and Kathmandu have al-
ready introduced IBT structures, whereas Dhaka is still far behind [49]. Seasonal water 
and time-of-use tariffs can be set according to water demands and weather conditions. 
However, the service quality should also be reformed accordingly. This implementation 
will eventually achieve at least operation and maintenance costs resulting in an effective 
water-management system. At the same time, taxes and tariffs should be imposed on the 
private withdrawal of water. At present, private deep tubewell users pay an annual re-
newal fee. Provision should be added for a certain limit of abstraction. Apart from the 
annual fee, the monthly or volume-based tariffs could be introduced in private abstrac-
tion. 

3.4.14. Water-Saving Devices and Practices (Rank 14) 
The key informants put significant emphasis on the potential to conserve water in 

domestic and non-domestic premises through the adoption of water-saving devices and 
practices. These include replacing seals and converting existing water closets (WCs) to 
low or dual flushes, installing water-efficient washing machines, water-saving urinals, 
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low-flow showers and so on. The impact can be considered in terms of the quantity of 
water saved. For example, in many higher-income areas, WCs may account for a substan-
tial proportion of domestic and institutional consumption. Many flush WCs that are fitted 
with a flap valve leak. The flush volume of many existing WCs could be reduced by 20% 
or more with a water-filled bottle or similar. 

It is important to check that the existing regulations allow for water-saving devices 
to be installed. If a significant quantity of water-saving devices are needed, it may be nec-
essary to facilitate relatively simple local manufacturing. 

3.4.15. Wastewater Treatment and Reuse (Rank 15) 
Rapid population growth in the Dhaka city area has led to an increased volume of 

wastewater generated and discharged into the surface water system. Wastewater treat-
ment and reuse can provide a great opportunity for water conservation. According to the 
key informants, wastewater reuse is likely to become one of the major technologies in the 
future, especially when coupled with Aquifer Storage and Recovery. Moreover, water 
should be used directly when the quality does not need to be improved for usage. How-
ever, wastewater was mentioned as the most underused available water resource by the 
key informants, though numerous technologies are available to treat wastewater for al-
most any application. Different qualities of wastewater can be used in a fit-for-purpose 
manner, and thus can help alleviate the pressure on existing freshwater resources. This 
can also reduce direct discharge into water streams and thus serve as an important meas-
ure of pollution control [50].  

Key informants agreed that the recycling and reuse of wastewater, non-potable and 
potable water storage, and distribution systems would be required for this recycling ef-
fort. Wastewater reuse would require a system that can collect wastewater from users to 
be treated before various uses. This might be a serious challenge in many developing 
countries. 

3.4.16. Installing Deep Tubewells (Rank 16) 
The commissioning of an SWTP is a time-lengthy procedure. SWTP projects are usu-

ally  delayed by at least 4–5 years due to land acquisition issues, political and local influ-
ences, delaying of loans, and other unforeseen causes in operation. For the time being, 
additional DTWs can be installed to meet the supply deficit. After the SWTPs become 
operational, the operation of the DTWs can be stopped or controlled gradually as re-
quired.  

Excessive pumping from DTWs lowers the groundwater level and causes wells to no 
longer be able to reach groundwater. As the water level lowers, the water must be pumped 
farther to reach the surface using more energy. Breakdown of pumps occurs frequently. 
In extreme cases, using such a well can be cost-prohibitive. Moreover, land subsidence 
could occur when there is a loss of support below the ground. Installing DTWs on a need 
basis can be only a temporary solution. This practice is not sustainable.  

3.5. Potential Adaptation Options for Different Areas in Dhaka City 
The sixteen adaptation options suggested earlier are overall options with city-wide 

applicability. However, the options have different potential in different areas depending 
on a number of factors. While conducting the semi-structured interviews, the interviewees 
suggested some area-wise adaptation options. Such suggestions also came forward from 
the emphasis placed by the key informants on different options. Table 4 is prepared to 
indicate area-wise adaptation options for better management of water supplies in the con-
cerned areas. 
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Table 4. Area-Wise Suggested Adaptation Options. 

MODS Zone Location Major Problems Suggested Options 

Zone 07 and 
DND 

Demra, Matuail, 
Shyampur and 

Donia 

GWL depletion, poor 
water supply network, 

and odor in water. 

Mandatory provision for RWH and artificial recharge (AR), 
greywater reuse in suitable places, controlled groundwater 

flow through Supervisory Control and Data Acquisition 
(SCADA), SWTP (e.g., Saidabad Water Treatment Plant), 
leakage monitoring to reduce NRW, and converting the 

whole network system to DMA. 

Zone 01 and 
Zone 02 

Gendaria, Old 
Dhaka, Lalbagh 

and Azimpur 

Groundwater 
depletion, faulty 

meter, poor water 
supply network, odor, 

and presence of 
suspended solids in 

supply water. 

Mandatory provision for RWH and AR, greywater reuse in 
suitable places, controlled groundwater flow through 
SCADA, SWTP (e.g., Padma Water Treatment Plant), 

changing faulty meters, leakage monitoring to reduce NRW, 
and converting the whole network system to DMA. 

Zone 03 
Dhanmondi 

and 
Mohammadpur 

Groundwater 
depletion 

Mandatory provision for RWH and AR, greywater reuse in 
suitable places, controlled groundwater flow through 

SCADA, and SWTP (e.g., Padma Water Treatment Plant). 

Zone 04 and 
Zone 10 

Gabtoli, Mirpur 
and 

Cantonment 
Area 

Groundwater 
depletion 

Mandatory provision for RWH and AR, greywater reuse in 
suitable places, controlled groundwater flow through 

SCADA, and Creating SW sources from the nearby rivers 
(e.g., Turag and Buriganga). 

Zone 09 Uttara Groundwater 
depletion 

Mandatory provision for RWH and AR, greywater reuse in 
suitable places, controlled groundwater flow through 

SCADA, SWTP (e.g., Gandrarbpur Water Treatment Plant), 
and creating alternative SW sources. 

Zone 08 

Badda and 
Boshundhora 

Residential 
Area 

Groundwater 
depletion, poor water 
supply network, odor, 

and presence of 
suspended solids in 

supply water 

Mandatory provision for RWH and AR, greywater reuse in 
suitable places, controlled groundwater flow through 

SCADA, and SWTP (e.g., Gandrarbpur Water Treatment 
Plant). 

Zone 06 

Motijheel, 
Khilgaon, 
Bashabo, 

Banashree and 
Moghbazar 

Groundwater 
depletion, faulty 

meter, poor water 
supply network, odor, 

and presence of 
suspended solids in 

supply water. 

Mandatory provision for RWH and AR, greywater reuse in 
suitable places, controlled groundwater flow through 

SCADA, SWTP (e.g., Saidabad Water Treatment Plant), 
leakage monitoring to reduce NRW, and converting the 

whole network system to DMA. 

Zone 05 

Tejgaon, 
Mohakhali, 

Banani, 
Gulshan and 

Baridhara 

Groundwater 
depletion 

Mandatory provision for RWH and AR, greywater reuse in 
suitable places, controlled groundwater flow through 

SCADA, and SWTP (e.g., Gandrarbpur Water Treatment 
Plant). 

4. Discussion 
Water requirements in Dhaka are increasing day by day due to increasing popula-

tion, industries and economic activities. This has led to an ever-increasing extraction of 
groundwater from both the shallow and deep aquifers with public and private DTWs. As 
the rate of groundwater recharge is much lower than the rate of extraction, there is a 



Sustainability 2022, 14, 1518 20 of 24 
 

declining trend in the groundwater level, which is increasing with time, and the cone of 
depression is both increasing laterally and deepening [2]. 

Two typical groundwater level hydrographs—one for the shallow aquifer, based on 
long-term data, and the other for both deep and shallow aquifers, based on short-term 
data — are shown in Figure 5 from heavily depleted areas. The figure shows the changes 
in groundwater levels over time, the range of groundwater level fluctuations, seasonal 
groundwater level variations, and the cumulative effects of short-term and long-term hy-
drologic stresses. It is seen from the figure that there has always been a downward trend 
in the groundwater level of the Upper Dupi Tila Aquifer in Dhaka. The depletion started 
in the early 1980s (Figure 5a). This gradual declining situation of the groundwater level 
since early 1980s implies that the groundwater over-abstraction situation started in the 
city area long before. The over-abstraction of groundwater rendered the upper aquifer 
from a semi-confined to an unconfined nature with increased susceptibility to permanent 
mining, vulnerability and risk. 

  
(a) (b) 

Figure 5. Groundwater level hydrographs of observation wells: (a) long-term groundwater declin-
ing trend from the BWDB well at New Shewrapra, Mirpur; (b) short-term groundwater level de-
clining trend from the DWASA twin monitoring wells at Khilgaon High School. 

The groundwater level fluctuation data from the twin monitoring wells (Figure 5b) 
show that there is a sharp difference between the groundwater levels of the shallow and 
deep aquifers. The deep aquifer still shows the regional condition of a pressurized aquifer, 
i.e., the condition of an artesian aquifer. In both aquifers, the water level is declining. For 
example, the groundwater level in the shallow aquifer was 87.3 m below the ground sur-
face on 1 March 2016, and the level had fallen to 90.79 m on 26 April 2019. Thus, a deple-
tion of around 3.49 m was observed within a short period of about 3 years. In addition, a 
linear depletion of 1.90 m per year was observed in the shallow aquifer in the Khilgaon 
area. The maximum depth to groundwater level for this aquifer was 96.15 m from the 
ground surface on 18 August 2018 and the minimum depth was 87.37 m on 9 March 2016 
during the observation period.  

The deep aquifer, on the other hand, was experiencing a rapid decline with fluctua-
tion starting at 54.31 m below the ground surface on 1 March 2016 and falling to 66.30 m 
on 26 April 2019 (Figure 5b). So, the groundwater level had declined by 11.99 m by the 
observation period, with an average declining rate of 4.23 m per year. The maximum 
depth to groundwater level of this aquifer was 70.12 m from the ground surface and the 
minimum depth was 54.29 m. 

Supply-oriented management with a heavy dependence on groundwater has been 
the strategy adopted by the DWASA as well as by private users to meet the growing water 
demand in Dhaka. A number of studies were sponsored by the DWASA to assess the 
groundwater potential in the city as well as to investigate the feasibility of surface water 
diversion, treatment and supply. However, water-source diversification and demand-ori-
ented management did not receive due attention in the city water policy and governance. 

-80

-60

-40

-20

0

20

Jun/68 Aug/76 Nov/84 Jan/93 Apr/01 Jul/09 Sep/17

G
W

L 
le

ve
l (

m
PW

D
)

Rate: 0.8 m/year

Rate: 0.6 m/year
Rate: 4.7 m/year

-100.00

-90.00

-80.00

-70.00

-60.00

-50.00

Mar/16 Mar/17 Mar/18 Mar/19

G
W

L 
le

ve
l (

m
PW

D
)

GW Level Shallow Aquifer

GW Level Deeper Aquifer



Sustainability 2022, 14, 1518 21 of 24 
 

There was not even a master plan of water management, until recently, for the city. Due 
to these lapses in the policy, plan and governance of the city water management, there 
was over-abstraction of the non-renewable groundwater from the Dhaka aquifer. Coher-
ent and coordinated organizational policies and actions are needed from the DWASA, 
Dhaka City Corporations (there are two city corporations in Dhaka), capital development 
authority (RAJUK), Department of Environment, and Bangladesh Inland Water Develop-
ment Authority [51]. 

Even in the supply-oriented management, which is often preferred by the utility ser-
vice providers, there are avenues for further improvement. The surface water collection 
rate can be increased, and the quality of surface water can be improved by adopting new 
technologies. However, if demand management strategies are not implemented, the aug-
mentation of supply alone would not result in a sustainable water supply system. The city 
dwellers need to adopt new strategies to reduce water demand, such as rainwater har-
vesting, recycling and reusing of wastewater, and so on. Most of the suggested options 
received high acceptance and only a few received low acceptance among the key inform-
ants and semi-structured interviewees. Installing new DTWs was not preferred by most 
of the respondents. Wastewater treatment was identified to be a great alternative to con-
serve freshwater. However, the process may be expensive for a country like Bangladesh. 
So, the opinions were divided regarding this option, and most of the respondents stayed 
neutral.  

Finally, the findings from this study could be useful for planning and managing the 
water supplies and resources of a city in a developing country, particularly for the cities 
in South Asia. The conjunctive use of surface water, groundwater and rainwater; an inte-
grated policy of supply augmentation along with demand management; and organiza-
tional integration through coherent policies and practices suggested in this paper can help 
sustain the city water supplies and reduce water footprints even in developed countries. 

5. Conclusions 
The water supply system of Dhaka is heavily dependent on the underground water 

sources. As the rate of groundwater recharge is less than the rate of extraction, there was 
a declining trend in the GWL. The groundwater level was declining all over the city areas 
at an alarming rate without any significant recovery even during the monsoon season. 
The spatial variation in groundwater level depletion trends indicated that the south-cen-
tral city areas experienced the highest and most rapid groundwater depletion and are 
more vulnerable to the aquifer drying out. The study also identified potential adaptation 
options to sustain the water supply in Dhaka. Supply-side management via structural in-
terventions could make the water supply system better, but it would require sufficient 
time and budgetary allocation. On the other hand, the demand-side management options, 
such as RWH, AR, new tariff system, water-saving devices and promoting optimum water 
demand, would need institutional policies and actions. The latter approach has not re-
ceived due attention of the policy makers and service providers. Hence, the main thrust 
of future water supplies in Dhaka should be on the demand-side management to reduce 
the groundwater footprint and conserve groundwater sources. Coherent and integrated 
policies and actions would be needed from different relevant government organizations 
to sustain future water supplies and resources of the city. 
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