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Abstract

Sustainable management of groundwater resources is essential for maintaining ecological balance, supporting
human livelihoods, and fostering economic development. This study utilized a GIS-based Analytic Hierarchy
Process (AHP) integrated with Multi-Criteria Decision Analysis (MCDA) to evaluate the spatiotemporal
dynamics of groundwater recharge potential zones (GWRPZs) in Dhaka City, Bangladesh. Weights were
systematically assigned to relevant geomorphological and spatiotemporal factors influencing groundwater
recharge potential through the AHP framework facilitated by MCDA. The results indicated that in 2002, the
combined extent of areas classified as having "very high" and "high" groundwater recharge potential accounted
for 24.66% of the total study area. However, by 2022, this figure declined to 18.21%, suggesting a notable
reduction in highly favorable recharge zones. In contrast, regions with "moderate” recharge potential increased
from 17.93% in 2002 to 18.58% in 2022, reflecting a spatial redistribution of recharge capabilities. A ward-level
analysis of 41 administrative divisions within Dhaka City revealed substantial degradation of high and very high
GWRPZs, particularly in Adabor, Biman Bandar, Demra, Khilkhet, Mohammadpur, New Market, Sabujbagh,
Tejgaon Industrial Area, Uttara, Uttarkhan, Motijheel, and Pallabi. These findings underscore the significant
impact of unplanned urban expansion and the lack of an integrated and sustainable approach to urban and water
resource management. The study highlights an urgent need for implementing comprehensive urban planning and
groundwater management strategies to mitigate further depletion of critical recharge zones and ensure long-term
water security in Dhaka City.
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1 Introduction

Groundwater is a critical component of the natural water cycle, stored beneath the water table in soil and rock
pores plays a vital role in domestic, agricultural, and industrial sectors (Atmaja, Putra, & Setijadji, 2019; Ayazi
et al., 2010). Rapid population growth and increased water demand have intensified pressure on this resource,
particularly in densely populated nations like India, China, and parts of Africa (S. Das, Gupta, & Ghosh, 2017;
Manap, Sulaiman, Ramli, Pradhan, & Surip, 2013). Urbanization, deforestation, and industrialization continue to
degrade groundwater quality and quantity (Mir & Lone, 2020).

Globally, groundwater supports 36% of domestic, 42% of industrial, and 27% of agricultural water needs (Nazir
et al., 2020). In Bangladesh, it provides 80-90% of rural and 50% of urban and industrial water supplies and
irrigates over half the agricultural land (Li, Abdelkareem, & Al-Arifi, 2023). However, excessive extraction has
led to widespread aquifer stress and depletion (Tahiri et al., 2022).To delineate potential groundwater recharge
zones, researchers have employed various modeling techniques, including frequency ratio, logistic regression,
random forest, and evidential belief function (Li et al., 2023). Remote Sensing (RS) offers rapid, large-scale
spatiotemporal data while GIS provides an effective platform for managing and analyzing spatial data (Thapa,
Gupta, Guin, & Kaur, 2017).

The integration of RS and GIS allows efficient identification of groundwater recharge zones and artificial
recharge sites(Machiwal, Jha, & Mal, 2011; Sinha, Kumar, & Singh, 2018). Although most studies rely on
statistical models, limited research has explored their integration with the Analytic Hierarchy Process (AHP), a
multi-criteria decision-making approach valued for its simplicity and reliability (Pittore, Wieland, & Fleming,
2017). AHP has been effectively combined with RS and GIS to delineate groundwater potential zones, such as in

1706



Manik Miah et al.
ICCEI 2025

Dhaka, Bangladesh (Ghute & Babar, 2021; Senanayake, Dissanayake, Mayadunna, & Weerasekera, 2016). Given
the limitations of expensive and time-consuming geophysical methods, the RS-GIS-AHP integration offers a
cost-effective alternative for groundwater mapping (Adiat, Nawawi, & Abdullah, 2012; Chowdhury, Jha,
Chowdary, & Mal, 2009; B. Das, Pal, Malik, & Chakrabortty, 2019). As groundwater stress grows, such
approaches are increasingly important for sustainable water resource planning (Hutti & Nijagunappa, 2011; Sen,
2018).

This study applies an integrated RS-GI1S-AHP methodology to delineate potential groundwater recharge zones in
a mountainous area of Dhaka, characterized by steep terrain, variable elevation, and fluctuating water demand.
No cost-effective assessments have previously been documented for this area. This research fills that gap and
provides a transferable framework for groundwater assessment in similar regions. To generate thematic data
layers for identifying groundwater recharge zones. To integrate these layers using AHP within a GIS-RS
framework for delineation. The outcome is a practical guide map supporting sustainable exploration and
management of groundwater resources, ensuring long-term availability and resilience against future water
challenges.

2 Materials and Methods
2.1  Study Area

In this study, “Dhaka City” refers to the Dhaka Metropolitan Area (DMA), located near the geographical center
of Bangladesh at 23°43'N and 90°24'E on the eastern bank of the Buriganga River (Bamal, Uddin, & Olbert,
2024) . Covering approximately 299.19 km?, the area is predominantly flat with slopes up to 3% and has
experienced declining discharge rates, especially in the dry season (B Ahmed, Raj, & Ahmad, 2008). The region
has a subtropical climate, with winter (December—January) temperatures ranging from 15.35°C to 23.08°C, and
summer (May—August) highs of 31.95°C to 36.56°C. Annual rainfall averages around 240 mm, mostly during
the monsoon (June—September), often causing flash floods (Bayes Ahmed et al., 2013). Geologically, DMA lies
in the Indo-Gangetic alluvial plain, consisting mainly of sand, silt, and clay, with occasional gravel deposits
(Figure 1).

Study Area N

-

Figure 1. Study area in Dhaka city.

2.2 Data used

The study utilized various thematic layers derived from reliable data sources to assess groundwater recharge
potential. Drainage density, slope, and digital elevation model (DEM) data were obtained from SRTM-DEM
datasets. Soil texture information was sourced from the FAO soil classification of 1988. Land use and land cover
(LULC) data were extracted from recent satellite imagery, while rainfall records were provided by the
Bangladesh Meteorological Department (BMD). Geological features such as lineaments were mapped using data
from the Geological Survey of Bangladesh. Additionally, soil permeability information was acquired from the
Bangladesh Agricultural Research Council (BARC). These comprehensive datasets enabled a detailed and
accurate analysis of the study area’s hydrogeological characteristics.
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2.3 Methods

GIS is used to map groundwater potential zones by integrating thematic layers such as permeability, geology,
drainage density, lineaments, soil texture, slope, rainfall, and DEM (Kumari, Poddar, Kumar, & Shankar, 2022).
Each layer provides essential data for assessing groundwater occurrence. Using AHP, validated weights are
assigned based on each layer’s significance (Dar, Sankar, & Dar, 2010; Jasrotia, Kumar, & Singh, 2016). The
weighted layers are merged to produce a Groundwater Recharge Potential Zones (GWRPZs) map, categorizing
areas into high, medium, and low potential. This study outlines the thematic layers, AHP weights, validation, and
the final GWRPZs map, offering a reliable tool for groundwater management (Saqr, Nasr, Fujii, Yoshimura, &
Ibrahim, 2024).
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Figure 2. Flowchart for identifying GWRPZs and artificial recharge sites.

2.4 Analytical Hierarchy Process (AHP)

To evaluate groundwater recharge potential, this study employed the Analytic Hierarchy Process (AHP), a
widely used MCDM method in groundwater management (Rahmati, Pourghasemi, & Melesse, 2016). Thematic
layers were prioritized using Saaty’s 1-9 scale through pairwise comparisons, and weights were normalized via
eigenvector calculation These weights, informed by literature and expert judgment, were applied in a GIS-based
weighted overlay to generate Groundwater Recharge Potential Zones (GWRPZs) for the Dhaka City basin. The
resulting map classified areas into five categories: very poor, poor, moderate, high, and very high. showed zones
with varying levels of poverty: very poor, poor, moderate, high, and extremely high.

Table 1. AHP matrix for groundwater recharge potential zone delineation.

Comparison C1i C2 C3 c4 C3 Cé c7 CB co Ted ght
Matrix

C1 1 2 3 4 5 6 7 3 9 031
Cc2 0.5 1 2 3 4 5 ] 7 8 022
C3 0.33 0.5 1 2 3 4 5 ] 7 0156
Cc4 0.25 0.33 0.5 1 2 3 4 5 <] 011
C3 0.2 0.25 0.33 0.5 1 2 3 4 5 0.07
Cs 0.17 0.2 025 033 0.5 1 2 3 4 0.05
C7 0.14 0.17 02 025 033 0.5 1 2 3 0.03
C3 0.13 0.14 017 02 025 033 0.5 1 2 0,02
co 0.11 0.125 014 017 02 025 0.33 0.5 1 0.02

2.5  Suitability Analysis Based on Influencing Factors

Groundwater potential in Dhaka City is influenced by multiple factors, including soil permeability, land use/land
cover (LULC), geology, drainage density, lineament density, soil texture, slope, rainfall, and elevation. Soil
permeability determined by porosity, pore shape, and layering was classified into five zones, with higher
permeability areas rated higher for recharge potential, though some slow-permeability zones showed high
recharge (Figure 3a). LULC affects runoff and infiltration; vegetation and agricultural land support recharge,
while built-up and barren lands hinder it. LULC changes between 2002 and 2022 show increasing urbanization
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and declining vegetation and tree cover (Figure 3b). Geologically, the area includes Modhupur clay residuum
(38.70%) and alluvial silt and clay (27.87%), both significant for aquifer recharge (Figure 3c). Drainage density,
which inversely relates to recharge, was grouped into five classes, with lower-density areas receiving higher
recharge scores (Figure 3d). Lineament density enhances subsurface permeability, especially in fractured zones,
and was mapped into five classes, with high-density zones indicating stronger recharge potential (Figure 3e). Soil
texture, based on FAQ data, shows dominance of silty clay (50.57%) and silt loam (21.19%), with loam and silty
loam better suited for infiltration (Figure 3f). Slope influences recharge by controlling runoff, with flatter areas
(37.39%) favoring infiltration and steep zones reducing it (Figure 3g). Rainfall distribution (2002—2022), mapped
using kriging and IDW, shows higher precipitation in eastern and southern areas and defines five rainfall zones
from very poor to very high (Figure 3h). Elevation also plays a key role, with low-lying areas enhancing recharge
due to longer water retention; elevation classes range from -1.9 to 29 m, covering different proportions of the
study area (Figure 3i). Together, these parameters inform the delineation of groundwater potential zones.
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Figure 3. Influencing factors likes Permeability, LULC, Geology, Drainage density, Lineament density, Soil
texture, slope, Rainfall, DEM.
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3 Result and Discussion

3.1  Temporal changes dynamics in GWRPZs

The study analyzed Dhaka City's hydrologic and geographic conditions to identify nine key factors influencing
groundwater recharge: permeability, geology, drainage density, lineament, soil texture, slope, rainfall, LULC,
and DEM. Each factor was assigned a weight based on its influence and interrelation, with values ranging from 1
(low) to 5 (high), and the cumulative weights reflect overall recharge potential, as detailed in Table 2. Building
on this analysis, Table 2 presents changes in recharge potential across five categories very high, high, moderate,
low, and very low between 2002 and 2022. In 2002, very high potential areas accounted for 7.44% (21.48 km?)
and very low areas for 27.14% (68.38 km2); by 2012, very high zones increased to 6.56% (20.51 km?), and very
low zones decreased to 29.51% (72.57 km?). However, in 2022, very high potential declined to 4.22% (15.44
km?), while very low potential rose to 32.68% (78.03 km?), highlighting notable interannual variability in
groundwater recharge capacity.

Table 2. Temporal changes in Groundwater Recharge Potential Zones.

Year  Very High High Moderate Low Very low

Area Area  Area Area Area Area Area Area Area Area
km?) (%)  (km’) (%) (km?) (%) (km?) (%) (km?) (%)

2002 2148 744 4974 1722 5178 1793 8744 30.28 6839 27.14
2012 2051 6.56 4951 1715 67.62 1542 9059 3136 7257 2951
2022 1544 422 4330 1099 65.21 18.58 96.84 33,53 78.03 32.68

Figure 4 depicts significant alterations in groundwater suitability zones from 2002 to 2022. Notably, zones of
very high and high suitability have experienced considerable decline, predominantly attributable to urbanization,
changes in land use, and modifications in hydrological conditions. Conversely, the moderate suitability zone has
fluctuated, indicating shifts in land use patterns and groundwater recharge dynamics. The low and very low
suitability zones exhibit variability influenced by factors such as land use, climatic increasing, artificial recharge
measures, and intrinsic groundwater system responses. These observed changes underscore the critical
importance of understanding groundwater suitability trends to facilitate effective resource management and
sustainable development planning.

Suitibility
B Very high
I High

| Moderate
[0 Poor 0
B Very poor

5

10 20 Km

Figure 4. AHP-based historical and projected groundwater recharge potential zones map.

4 Conclusions

The integration of remote sensing, GIS, and AHP effectively delineates groundwater recharge potential zones
(GWRPZs) in Dhaka City by analyzing thematic layers like permeability, LULC, geology, drainage, lineaments,
soil texture, slope, rainfall, and DEM. The study classifies zones from "Excellent" to "Very Poor," revealing
significant variability and a decline in recharge capacity due to urbanization and land use changes between 2002
and 2022. Areas such as Adabor, Biman Bandar, and Demra show severe recharge depletion, while Badda and
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Cantonment experience moderate declines. These findings highlight the urgency for groundwater management
strategies to mitigate urbanization impacts. The results provide a valuable tool for planners and policymakers to
develop sustainable approaches, including seasonal surface water storage, improved irrigation, and artificial
recharge structures. Limitations include potential remote sensing inaccuracies, AHP subjectivity, focus on Dhaka
limiting generalizability, and lack of long-term groundwater data. Future research should incorporate socio-
economic factors, groundwater-surface water interactions, climate change effects, and long-term monitoring to
enhance groundwater management.
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