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Abstract 
The rapid drop in the groundwater level has raised concerns in the sustaina-
ble water management plan in many cities of the world. It is important to 
understand the underlying factors of such depletion. To improve knowledge 
of the changes in groundwater, this study investigates a long-term perspective 
of urbanization, and evaluates the influence of several factors including land 
cover, water use, and abstraction. Multi-year land cover maps are used to 
detect urbanization and land cover types. Hotspot analysis and correla-
tion-regression are applied to assess the relationship between changes in 
groundwater and the driving factors. The investigations confirm that an ex-
tensive withdrawal of groundwater due to urbanization results in a progres-
sive drop in the water level. However, the major industrial and commercial 
zone shows the consistent hotspot of groundwater depletion. The results in-
dicate that groundwater abstraction and types of water use have a high influ-
ence on the changes in urban groundwater. 
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1. Introduction 

Groundwater is one of the important life-sustaining resources [1], and main 
sources of water supply in many urban areas [2] [3] [4]. It consists of liquid wa-
ter located below the ground surface, and includes soil water either above the 
water table or as groundwater below the water table [5]. 

Most of the megacities in the world largely depend on this water for drinking 
and food production [6] [7]. It should be noted that dependence on groundwater 
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is increasing in response to urbanization and an increase in per capita water 
usage [8]. Mismanagement and high abstraction of groundwater resources have 
led to the depletion of water level and aquifer disaster in many cities across the 
world [9]. 

Rapid urbanization and land use land cover changes have continued to affect 
both the quantity and quality of this freshwater [10] [11] [12]. Urbanization al-
ters the natural earth surfaces and brings in several ecological and environmen-
tal problems [13] [14]. The changes in land cover and surface sealing modify the 
rate of infiltration and the natural drainage systems [15]; such changes affect the 
aquifer recharge, base flow and quality of this water [10]. Anthropogenic activi-
ties and climate change also have an impact on the groundwater, which results in 
the depletion of water level and saltwater intrusion [16]. Moreover, over-extraction 
of groundwater results in a rapid drop in the water level [17] [18]. The global 
water demand has been increasing and continues to grow. In the current decade, 
the withdrawal of groundwater raised nearly 8 times [19]. The increase in urban 
population and economic activities has boosted per capita water demand and its 
use [20]. As water demand is increasing, this freshwater is going to be exploited 
extensively [2] [21], therefore, it is a high concern in many parts of the world 
[22] including Dhaka, Bangladesh. 

The megacity, Dhaka accommodates nearly 18.23 million population [23], 
and one of the fastest-growing and densely populated cities in the world [24] 
[25]. Rapid urbanization has resulted in a high population density of 23,234/Km2 
[26]. The city is extensively dependent on the groundwater water [24] [27] [28] 
[29] [30]. The heavy reliance on groundwater water for all types of water usage 
has brought about a high abstraction of this freshwater. It seemed that the 
over-extraction has resulted in a rapid decline in the water table [31]. In the 
context of rapid urbanization, the concern about groundwater water depletion is 
growing, therefore, many studies [17] [21] [32] have been conducted to assess 
the impacts of urbanization on groundwater water recharge, water level, and 
water quality. The previous studies reported that the changes in the quantity and 
quality of the groundwater water systems are associated with urbanization, cli-
mate change, and human activities. 

To date, many studies have been conducted related to urbanization and 
groundwater. However, the investigations over Dhaka City have been limited by 
inadequate spatial coverage of the groundwater water level monitoring data. In 
the study of Akther, Ahmed [33] and Hoque, Hoque [17], the changes in the 
groundwater level of Dhaka were presented by hydrographs of a few monitoring 
wells. The studies elucidated the global trend of water level declination in Dhaka. 
Arfanuzzaman and Atiq Rahman [11] indicated that an increase in the water 
demand influences the extensive withdrawal of water that resulted in a high drop 
in the water table. Using time-series data the study assumed that water levels 
drop because of a gradual increase in the numbers of water abstraction wells. 
However, the study lacked to clarify the local spatial changes and their interac-
tions with water use. Moreover, the study of Restiani [31] indicated that heavy 
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reliance on groundwater in the Dhaka city brought about over-extraction of this 
freshwater thus resulted in a rapid drop in the water table. 

Although several studies have been conducted in the Dhaka city, the studies 
were constrained by relatively short temporal scales of study. Moreover, no at-
tempts have yet been made to relate local spatial changes in the water level and 
their interaction with urban growth factors. Noted from the literature review 
[10] [11] [12] that urban land cover changes also affect the groundwater systems. 
Thus, this study aims to consider the influences of both urban land cover cha-
racteristics and water abstraction on the groundwater levels. Dhaka city faces 
rapid urbanization and a high drop in the water levels. An understanding of the 
local spatial changes is important for mitigating water scarcity. Moreover, mon-
itoring urban expansion and evaluating their impact on water resources is sig-
nificant for sustainable water resource management [34]. With a focus on urba-
nization, first, this study aims to present a long-term overview of the land cover 
changes using the classification of satellite images. Second, to present spatial and 
temporal variations in the water level using the aquifer static water level (SWL) 
database. Third, to identify the hotspots of water level changes using spatial sta-
tistical analysis. Finally, aims to assess the local spatial influences of land cover 
characteristics and types of water abstraction on the water level using the ordi-
nary least square regression (OLS) model. 

2. Study Area and Datasets 

Dhaka, the megacity of Bangladesh is selected as the study site (Figure 1(a)). It 
is located in the central part of Bangladesh and is situated between latitudes 
23.40˚ to 23.97˚ and longitudes 90.20˚ to 90.59˚. The climate of the study area is 
characterized by a humid sub-tropical monsoon. The temperature in summer 
ranges between 28˚C to 34˚C and 10˚C to 21˚C in winter. The annual average 
precipitation is 2000 mm of which 80% occurs in the monsoon. Dhaka accom-
modates nearly 18.23 million population (UN, 2016). It is one of the dense and 
fastest-growing megacities in the world [24] [25]. With an increase in the urban 
population, water demand gradually increases [11] which results in over-extraction 
of groundwater water. Dhaka is one of the groundwater water-dependent cities 
in the world [35], therefore, nearly 80% of the supplied water comes from 
groundwater and the remaining water comes from surface water [24] [27] [28] 
[29] [30]. The heavy reliance on groundwater water for all types of water usage 
has brought about the over-extraction of this freshwater. Therefore, a rapid de-
cline in the water table is observed, especially in the zones of textile industries 
[31]. The study area is surrounded by a network of rivers and canals [25], but, 
with an increase in urbanization and industrial development, the surface water 
bodies have become increasingly polluted [24]. Therefore, the rivers are not 
suitable for the supply of drinking water [28] [36]. Due to the lack of potable 
surface water, the dependency on the groundwater water has continued to in-
crease that resulted in a gradual rise in the installation of the water abstraction  
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(a) 

 
(b) 

Figure 1. Study site: (a) Location and (b) Urban population, water demand, and water abstraction wells. Note: WD, water de-
mand; WA, water abstraction wells; Pn, population. 

 
wells. Figure 1(b) shows the trend of an increase in urban population and water 
demand. 

The study uses temporal land cover, SWL, and water abstraction data. It 
should be noted that this study uses data of 1989, 1999, 2006 and 2016 because 
groundwater data are available for these years. For evaluating the proposed ap-
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proach, the entire study area is divided into eight major water use zones (Figure 
1(a)). Tejgaon and Motijheel are aggregated as major industrial and commercial 
zone and categorized as zone 1. On the contrary, the other zones (Uttara-Zone 2, 
Mirpur-Zone 3, Old Dhaka-Zone 4, Jatrabari/Demra-Zone 5, Dhanmondi/Mo- 
hammadpur-Zone 6, Kuril/Bashundhara-Zone 7, and Badda/Gulshan-Zone 8) are 
classified as residential and mixed water-use zones. Finally, this study evaluates 
the relationships between changes in groundwater and several other important 
factors. 

3. Assessment of the Changes in Groundwater 

This study assesses the changes in groundwater focusing on the implications of 
urbanization, land cover change, water abstraction, and its use. In the following 
sections, first, multi-year land cover maps are prepared; second, water abstrac-
tion pattern is analyzed; third, the fluctuations in water level are investigated, 
and finally, the relationships of changes in groundwater level are evaluated in 
terms of several important factors. 

3.1. Evaluation of the Influence of Urbanization and Land Cover  
Changes 

Urbanization and land cover changes seem to affect groundwater resources [10] 
[11] [12]. This study aims to evaluate their impact on the changes in the ground-
water level. Thus, multi-year land cover maps are used to detect urbanization 
and major urban land cover types. This study uses a decision tree algorithm to 
classify Landsat images into three types i.e., urban built-up, water and pervious 
surface. The temporal land cover classification accounts for an overall accuracy 
of 94%. The size of the built-up area is widely used as an indicator of urbaniza-
tion (Ebrahimian et al., 2016). In this study, the growth of the urban built-up 
area is used to investigate urbanization. The changes in land cover characteristics 
influence infiltration and groundwater water systems. The infiltration of rainfall in 
the form of recharge is a significant source of groundwater resources [37], and 
groundwater recharge is related to the characteristics of the land cover classes 
[38]. The urban sealed areas modify infiltration [15], therefore, the residential, 
commercial, industrial and other built-up areas are classified as built-up areas. 
Recharge to the main aquifer occurs via areas covering vegetation, trees, gardens, 
open space and bare lands, therefore, these are categorized as pervious surfaces. 
In contrast, there is a close interaction between surface and groundwater water 
systems [39]. Therefore, the urban built-up, pervious surfaces and surface water 
are classified as the major land cover classes in this study. 

3.2. Assessment of Groundwater Abstraction 

The over-extraction of groundwater water is one of the significant factors of a 
rapid drop in the water level [17] [18]. It is important to consider the spatial dis-
tribution of water abstraction wells and the rate of water withdrawal for eva-
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luating the changes in the groundwater level. In this investigation, the spatial 
coverage of the water abstraction wells is collected from the Dhaka Water Supply 
and Sewerage Authority (DWASA). The domestic, industrial and commercial 
usage accounts for the major categories of water abstraction in this study area. 
To meet municipal water demand the DWASA operates 760 water abstraction 
wells Moreover, approximately 2000 water abstraction wells are being operated 
by private sectors. The study area accounts for about 1000 private industrial and 
commercial wells and about 1000 private domestic wells. It should be noted that 
some of the water abstraction wells are not functioning. First, the zone-specific 
number of different types of functional wells for 1989, 1999, 2006 and 2016 are 
computed. Second, the numbers, thus computed, are correlated with the mean 
groundwater level. 

3.3. Mapping the Fluctuations in Groundwater Level 

In this section, the fluctuations in water level are mapped using groundwater 
monitoring data, which are collected from the Bangladesh Water Development 
Board (BWDB), and the DWASA. It should be noted that the study area has a 
total 14 groundwater monitoring wells but the periods of installation of the wells 
are dissimilar. Moreover, multi-year data is missing for several observation 
wells. The study area lacks adequate spatial coverage of groundwater data. In this 
investigation, the SWL data are used for preparing groundwater level fluctuation 
maps. Using ArcGIS, the interpolation technique, kriging (Equation (1)) is ap-
plied to map spatial variations in the water level. The DWASA coordinates the 
installation of the water abstraction wells and keeps a record of the SWL that 
covers a relatively large spatial coverage. The depth of the SWL represents the 
historical behavior of the groundwater [40]. Thus, this study uses the SWL data 
for preparing water level fluctuation maps. 

( ) ( )0 1
ˆ N

i iiZ s Z sλ
=

= ∑                        (1) 

where N is the number of measured values, 0s  is the predicted location, iλ  is 
the unknown weight for the measured value at the i-th location and ( )iZ s  is 
the measured value at the i-th location. 

3.4. Exploring Factors Affecting the Changes in Groundwater  
Level 

This section describes the approach used to explore the factors affecting the 
groundwater level in relation to several important variables. First, using ArcGIS, 
the Getis-Ord *

iG  statistic is applied to identify the hot and cold spots of the 
water levels (Equation (2)). It is a powerful tool to presents the local spatial va-
riability. The z-score of the Getis-Ord *

iG  indicates the statistical significance 
of the clustering. Its value accounts for both positive and negative. The highest 
positive z-scores indicate statistically significant hotspot, the lowest negative 
z-scores indicate cold spot and a value of 0 indicates insignificant clustering [41]. 
After identifying the hotspots, its association with land cover types and water 
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abstraction patterns are evaluated. 
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where ,i jw  is the spatial weight between feature i and j, jx  is the attribute val-
ue for feature j, n is the total number of features, X  and S, mean and standard 
deviation of the feature values. 

Finally, the zone-specific mean SWL is used as the dependent variable, the 
land cover classes (% of urban built-up, water and pervious surface) and the 
numbers of functional water abstraction wells (industrial, commercial and do-
mestic) are used as the explanatory variables for evaluating the interactions. The 
conventional Ordinary Least Squares (OLS) regression model is used to detect 
the relationship between changes in groundwater and several important factors. 
The p-values are delineated to assess the significance of the relationships. 

4. Results and Discussion 
4.1. Urbanization and Land Cover Changes 

Figure 2 presents a visual comparison of the multi-year land cover types from 
1989 to 2016. Figure 2(a) presents the changes in urban built-up areas. One of 
the important indicators of urbanization, the urban built-up areas increased 
from 12.81% in 1989 to 39.19% in 2016, with an annual increasing rate of 0.98%. 
Outward expansion of built-up areas indicates that the city is experiencing urba-
nization. Figure 2(b) shows the changes in water areas. It is evident that in 1989 
the study area contained large areas of water. However, urbanization influenced 
the distribution of surface water thus the total water area decreased from 38.47% 
in 1989 to 12.70% in 2016, with an annual decreasing rate of 0.95%. Figure 2(c) 
presents the changes in pervious surfaces. Note that in 1989, the pervious sur-
faces dominated in the central part of the study area. However, gradual domina-
tion by the urban built-up areas was noticed in the later years. In contrast, the 
prevailing water areas of 1989 were transited into pervious surfaces. The inves-
tigation confirms that pervious surfaces decreased in the central part. But this 
land cover increased in the periphery of the study area, therefore, the total pro-
portional change in the previous surface is not significant. 

4.2. Water Abstraction and the Changes in Groundwater 

Table 1 summarizes the temporal growth of water abstraction wells from 1989 
to 2016. It presents a gradual increase in all types of water abstractions. In the 
groundwater-dependent cities, water abstraction increases with an increase in 
urbanization and water demand. In this study area, an increase in the urban 
population resulted in high water demand (Figure 1(b)), and thereby increased 
the trend of groundwater abstraction by installing many wells. The DWASA is 
responsible to supply water for the municipality. However, the DWASA hardly  
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(a)                                                  (b) 

 
(c) 

Figure 2. Urbanization and spatial distribution of major land cover types (1989-2016). 
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Table 1. Zone specific water use and the number of water abstraction wells. 

Zone 
ID 

Municipal Industrial Commercial 

1989 1999 2006 2016 1989 1999 2006 2016 1989 1999 2006 2016 

1 19 113 196 339 11 25 45 58 9 32 75 149 

2 6 12 32 94 0 0 1 13 2 5 30 66 

3 13 63 145 288 2 12 45 75 4 22 100 169 

4 15 50 75 134 0 0 1 5 0 2 7 40 

5 4 26 49 96 0 2 3 26 0 6 12 45 

6 13 54 134 249 0 1 2 9 4 13 35 95 

7 2 10 15 46 0 0 0 1 0 3 15 43 

8 3 15 51 120 1 2 5 22 0 0 18 99 

Total 75 343 697 1366 14 42 102 209 19 83 292 706 

 
meets the required water demand; therefore, a large number of private wells also 
operate to meet the demand for domestic water. The investigation confirms 18 
times increase in the municipal water abstraction, as the numbers of wells in-
creased from a total of 75 wells in 1989 to a total 1366 wells in 2016. The number 
of industrial water abstraction increased 15 times as the number of wells of this 
category increased from 14 to 209 from 1989 to 2016. In contrast, the commer-
cial water abstraction increased 37 times as the number of wells increased from 
19 to 706 between the 1989s and 2016s. It should be noted that industrial and 
commercial water use differs from domestic water use, therefore, these are self- 
supplied in many countries [42]. In Dhaka City, industrial and commercial wa-
ter uses are also self-supplied. In conclusion, the increase in the municipal, in-
dustrial and commercial water abstraction wells indicates the increase in water 
demand thus results in a high abstraction of groundwater. 

Figure 3 presents a visual comparison of the spatiotemporal groundwater le-
vels. In 1989, the highest water level was 18.37 m that reached 43.94 m in 1999. 
During the 10 years, an annual drop in the water level was 2.5 m. A gradual drop 
in the groundwater level is also obvious in later years. The temporal maps show 
that the groundwater levels continued to drop in the entire study area. However, 
the changes in the water levels are locally variable. The highest drop in the 
groundwater level is noticeable in the central part of the study area. In contrast, 
a low drop in the water level is observed in the northern and periphery of the 
study area from 1989 to 2006. In 2016, the entire study area showed relatively a 
high drop in the groundwater level with a minimum local variation. 

Figure 4 presents the changes in the mean groundwater level by zones during 
the 27 years (1989 to 2016). A rapid drop in the water level is noticed in each of 
the water supply zones. However, the water level highly dropped in Zone 1 com-
pared to the other zones because the major industrial and commercial activities 
are concentrated in Zone 1. Zone 3 and Zone 8 also show a high gradual drop in 
the water level, because of the expansion of industrial and commercial activities  
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(a)                                                  (b) 

 
(c)                                                  (d) 

Figure 3. Local spatial variation in the water level in: (a) 1989, (b) 1999, (c) 2006 and (d) 2016 (Points represent 
location of water abstraction wells). 
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Figure 4. Mean groundwater level by zones. Note: Z1, 2, …, n represent zone ID and 
MWL represents mean water level. 
 
and an increase in water abstraction (Table 1). In contrast, a low drop in the 
groundwater level is noticed in Zone 2. During the 27-year, the overall mean 
water levels dropped significantly (p < 0.05) from 12.67 to 61.49 m with an an-
nual drop of 1.81 m. The study area shows high changes in the water level, 
probably due to the over-extraction and lack of regulations on groundwater use. 
The temporal overview demonstrates that the groundwater level continued to 
drop in the entire study area. However, the highest drop in the water level was 
noticed in the major industrial and commercial sites that continued to expand in 
surrounding areas. 

4.3. Hotspot of the Depletion in Groundwater Levels 

Figure 5 presents a visual comparison of the spatiotemporal hotspots of the 
depletion of the groundwater level. The statistically significant hotspots are 
mostly concentrated in Zone1, the central part of the study area. Moreover, sev-
eral statistically significant hot spots are noticed in Zone 6, Zone 3, and Zone 8 
in different years. In contrast, the statistically significant cold spots are consis-
tently observed in Zone 2, the northern part of the study area. The results indi-
cate that the overall extent of the hotspots is variable to a temporal scale, but 
Zone 1 shows the consistent hotspot in all of the study years. Gradual develop-
ment in the industrial and commercial (IC) water abstraction wells (Table 1) in-
dicates Zone 1 as the major hub of industrial and commercial activities. The wa-
ter demand is high for the IC activities compared to other activities. 

It should be noted that in Bangladesh nearly 70% of the textile industries are 
located around or in Dhaka [31]; moreover, the textile industry is the main user 
of industrial water [43]. The production of one-kilogram fabric requires 250 to 
300 liters water that is equivalent to daily water use for two people in Dhaka [31] 
[44]. It is obvious that water demand and consumption is higher for the industry 
compared to the domestic water demand; therefore, Zone 1 shows a consistent 
hotspot of water level depletion. This study evaluates the influence of industria-
lization on the groundwater levels; thus delineates the coefficient of determinations  
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(a)                                          (b) 

 
(c)                                          (d) 

 
Figure 5. Hotspot of groundwater depletion in: (a) 1989, (b) 1999, (c) 2006 and (d) 2016. 
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between the changes in water level and proximity to the industrial center along 
with the four directions as shown in Figure 6. The results show significant (p < 
0.05) strong negative correlation between them. The investigations show that the 
water level decrease with an increase in the distance from IC zone. In contrast, 
water levels highly drop in proximity to the IC zone. In conclusion, it is obvious 
that industrial and commercial water abstraction highly influences groundwater 
level compared to domestic/municipal water abstraction. 

4.4. Factors Influencing the Changes in Water Level 

Several important factors including urbanization, land cover, water use, and wa-
ter abstraction influence in the changes in groundwater (Islam et al., 2017; Ar-
fanuzzaman and Atiq Rahman, 2017; Restiani [31]; Baillieux et al., 2015), thus, 
this study focuses on the assessment of these factors influencing groundwater in 
a typical urban environment. The investigation confirms that the study area ex-
periences urbanization and involves land cover changes (Figure 2). The study 
area shows an increasing trend of the urban population, water demand and wa-
ter abstraction (Figure 1(b)). In contrast, a significant drop in the groundwater 
water level is obvious as shown in Figure 3, Figure 4. 

The interactions between changes in land cover types and groundwater levels 
are shown in Table 2. The coefficient of determination between urban built-up 
areas and water level shows a significant (p < 0.01) strong positive correlation  
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(c) 

 
(d) 

Figure 6. Relationship between proximity to industrial zone and water level in (a) 1989, 
(b) 1999, (c) 2006 and (d) 2016. Note: N, north; S, south; E, east and W, west. 
 
Table 2. Coefficients of determination between land cover types and groundwater level. 

Land Cover Types Coefficient of Determinations (R2) 

Urban Built-up 0.98 

p < 0.05 Pervious Surface 0.00 

Water −0.97 

 
(R2 = 0.98). In contrast, the interaction with surface water shows significant (p < 
0.01) strong negative correlation (R2 = 0.97). The results show that the changes 
in pervious surfaces do not influence the groundwater level. It should be noted 
that various factors affect groundwater. However, the most important factor in-
fluencing groundwater is not stationary. The results of this study indicate that 
urban built-up and surface water areas are good indicators of exploring the 
changes in groundwater. 

Table 3 shows the evaluation results of the influence of water abstraction on 
the groundwater level. The results indicate significant (p < 0.05) strong positive 
correlations (R2 ≥ 0.80) between the numbers of various water abstraction wells 
and the groundwater level. The experimental evaluation indicates that water ab-
straction has a high influence on the groundwater level compared to other  
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Table 3. Coefficients of determination between water abstraction and mean groundwater 
level. 

Numbers of Water Abstraction Wells Long-term linear coefficient of determinations (R2) 

Municipal (public and private domestic) 0.93 

p < 0.05 
Industrial 0.90 

Commercial 0.86 

Total (Combined all types of wells ) 0.90 

 
Table 4. Coefficient of determinations between urban growth, water demand, and water 
levels. 

Interactions Equation R2 p-value 

UB - Pn y = 0.4271x − 0.3569 0.98 0.009 

Pn - WD y = 128.28x + 257.25 0.99 0.000 

WD - WA y = 0.451x − 338.33 0.95 0.023 

WA - WL y = 0.0724x + 9.5464 0.96 0.021 

Note: UB, urban built-up; Pn, population; WD, water demand; WA, water abstraction and WL, water level. 

 
parameters. The results corroborate to earlier assumptions that groundwater ab-
straction has a significant impact on water levels [17] [18]. 

Table 4 shows the coefficient of determinations between urban growth factors 
and water levels. The size of the urban built-up area is one of the significant in-
dicators of urbanization [45], which shows a strong positive correlation with 
growth in the urban population. Per capita water demand increases with an in-
crease in the urban population [20], therefore, it shows a strong positive correla-
tion (R2 = 0.99) between urban population and water demand. The increase in 
water demand accelerates water abstraction, thus results in a strong positive 
correlation (R2 = 0.95) between them. In contrast, the high water abstraction re-
sults in a rapid drop in the groundwater level [31]. The result of this study shows 
a significant (p < 0.05) strong positive correlation (R2 = 0.96) between water 
abstraction and the changes in water level. In conclusion, urbanization induces 
changes in various parameters, which affect the groundwater system. A sus-
tainable water management plan is important to secure future urban water 
demand. 

5. Conclusions 

Groundwater is one of the important components of the environment. Several 
factors affect groundwater, however, the existing studies often evaluate the 
changes in groundwater at short temporal scales, and rarely investigate the local 
spatial changes and their interactions with urbanization induced growth factors. 
This study presents an approach of investigating the changes in groundwater 
level in relation to several important factors, e.g., urbanization, land cover, water 
demand, water abstraction, and its use. In this study, a typical urban area is se-
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lected for evaluating the urbanization and its implication in the changes of 
groundwater. This study uses multi-year datasets of land cover types, SWL, wa-
ter demand, abstraction, and its use and evaluates a long-term perspective of the 
changes in urban groundwater. The results of this study confirm that the 
changes in urban groundwater are characterized by spatial and temporal varia-
tion thus groundwater is nonstationary across space. The results indicate a de-
crease in surface water and an increase in the urban built-up area, which is one 
of the important indicators of urbanization. The city experiences a progressive 
drop in the groundwater level. However, the hotspot of the depletion of 
groundwater is noticeable in Zone 1 and its surroundings. Because this zone 
comprises of many industrial and commercial activities; the extensive withdraw-
al of groundwater for those uses accelerates to a rapid depletion in the ground-
water. 

The results indicate a rapid drop in the groundwater level with an increase in 
urban built-up areas or urbanization. In contrast, the changes in surface water 
are negatively correlated to the levels of groundwater. It should be noted that 
this study finds no significant impact on the groundwater level for the changes 
in pervious areas. However, the investigation of the influence of groundwater 
abstraction indicates it to be the major driving factor of a rapid drop of ground-
water in an urban environment. The results also indicate that there is a signifi-
cant negative correlation between proximity to the industrial zone and the 
groundwater level. The proposed approach of assessing the changes in ground-
water is of significance to facilitate the managing of this scarce resource in vari-
ous cities. This study evaluates several important driving factors of changes in 
groundwater; however, some other driving forces such as climate, the volume of 
water abstraction and aquifer recharge should be considered in future studies. It 
should also be noted that the study area lacks large spatial coverage of the 
groundwater monitoring data that limits a comprehensive local level analysis. 
Local spatial information is important in the application of urban planning and 
water resource management. Thus, this study urges intensive and frequent mon-
itoring of the groundwater at the local-scale to secure and manage future water 
demand. 
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