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Abstract 

 

Groundwater depletion in urbanizing regions like Dhaka, Bangladesh, threatens aquifer sustainability due to 

excessive demand and limited recharge. This study assesses groundwater potential and depletion in Dhaka’s 

DWASA MODS Zone-4, a densely populated area heavily reliant on groundwater. Using GIS and remote sensing, 

thematic layers (land use/land cover, soil, geology, slope, rainfall, drainage density) were integrated through 

weighted overlay analysis to map groundwater potential zones (GWPZs) for 2017, 2019, and 2021. Moderate 

potential zones dominate (10.29–11.06 km²), with high potential in western and northern areas due to favorable 

aquifer conditions. Random Forest and XGBoost models were applied using historical SWL and house connection 

data to predict SWL declining to 400–440 feet in Kollanpur-2 by 2050, consistent with Dhaka’s 6.6–9.8 feet/year 

depletion rate. Model errors (MAE: ~36 feet, RMSE: ~43 feet) reflect limitations from insufficient parameters and 

data inconsistencies. Urbanization’s impermeable surfaces hinder recharge, exacerbating depletion. Mitigation 

strategies like Managed Aquifer Recharge and Permeable Concrete are proposed to enhance infiltration. Future 

research should incorporate advanced machine learning, high-resolution multi-temporal data, and real-time 

monitoring to improve prediction accuracy and support sustainable groundwater management, offering a scalable 

framework for urban aquifers. 
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1 INTRODUCTION 

 

1.1 General 

Water is vital for socio-economic development, with groundwater supplying ~33% of global freshwater, supporting 

domestic (36%), agricultural (42%), and industrial (27%) needs. In Bangladesh, groundwater recharge relies on 

surface water inflow and subsurface flow, but overexploitation due to population growth, urbanization, and 

agriculture has led to declining water tables. Such overexploitation threatens aquifer sustainability, causing land 

subsidence, saltwater intrusion, and ecological harm. In Dhaka’s DWASA MODS Zone-4, this study uses GIS and 

remote sensing to map groundwater potential zones (GWPZs) by integrating thematic layers (LULC, soil, geology, 

slope, rainfall, drainage). Weighted overlay analysis delineates recharge areas, while Random Forest and XGBoost 

models predict future static water levels (SWL) to 2050, using historical SWL and extraction data. Results show 

moderate GWPZs dominate, with high potential in north-western areas. Predicted SWL declines to 400–440 feet 

in Kollanpur-2 by 2050, aligning with Dhaka’s 6.6–9.8 feet/year depletion. Mitigation includes Managed Aquifer 

Recharge and permeable surfaces. Future research should leverage advanced machine learning and real-time 

monitoring for sustainable groundwater management. 

 

1.2 Objectives 

The objectives of this study are listed below: 

• To determine groundwater potential zones by remote sensing and GIS methodologies 

• To predict future ground water level for DWASA MODS Zone-4 

• To generate the ground water depletion trend 
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• To provide applicable suggestions for groundwater recharge 

 

1.3 Scope of Study 

The scope of this study is closely aligned with its specific objectives. Thus, the findings from this study can be 

used in various uses, such: 

• Water Resource Managers and DWASA Officials: To inform groundwater management policies, 

optimize extraction strategies, and implement recharge initiatives in MODS Zone-4.  

• Urban Planners and Policymakers: To integrate groundwater sustainability into urban development plans, 

particularly in rapidly urbanizing areas like Dhaka.  

• Environmental Engineers and Hydrologists: To apply GIS and machine learning methodologies for 

aquifer assessment and to design infrastructure for artificial recharge.  

• Researchers and Academics: To build upon the study’s scalable framework for investigating groundwater 

depletion in other urban aquifers globally.  

• Local Communities and NGOs: To raise awareness about groundwater depletion. 

 

2 Materials and Methodology 

 2.1 Study Area  

DWASA MODS Zone-4, located in northwestern Dhaka (23.78°N–23.88°N, 90.32°E– 90.40°E), covers 18.03 km2 

and includes areas such Mirpur, Pallabi, Kafrul, and Shah Ali Thana. Situated on the Madhupur Terrace and 

Holocene floodplain, it features clayey and silty deposits over sandy aquifers. High population density and 

urbanization drive significant groundwater extraction, with consumption often exceeding recharge. 

 

2.2 Data Collection 

Thematic layers for GWPZ mapping were derived from: 

• Landsat-8 (30m resolution, Earth Explorer): For land use/land cover (LULC) and lineament 

density. 

• SRTM DEM (30m, Earth Explorer): For slope.  

• Soil (FAO): Soil texture map.  

• Geology (USGS): Geological formations.  

• Rainfall (BMD): Precipitation estimates. 

For SWL prediction, datasets included: 

• House Connections (2011–2024): Annual water connections (11,422 to 13,453) from DWASA.  

• SWL Data (2011–2024): Measurements (150–350 feet) from 172 zones 

 

2.3 Methodology 

 

2.3.1 GWPZ Mapping 

Thematic layers (LULC, soil, geology, slope, rainfall, drainage density) were processed in ArcGIS 10.8. LULC 

was classified using supervised classification (Maximum Likelihood). Slope and drainage density were derived 

from SRTM DEM and Landsat-8 imagery, respectively. 

Weighted overlay analysis (WOA) assigned ranks (1–5) and weights (10–20%). to each layer based on recharge 

potential (Table 2). GWPZs were categorized as Low, Moderate, High, and Very High. 
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Table 1: Weights and Ranks of Thematic Map 

 

Figure 1: GWPZ Map Methodology 

 

SL 

No. 

Factors Classes Rank Weighted(%) 

1 Slope 0-1.5 5 10 

1.5-2.8 4 

2.8-4.5 3 

4.5-6.8 2 

6.8-17.5 1 

2 Land use land Cover Water 4 20 

Barren Soil 3 

Forest 2 

Urban 1 

3 Rainfall Low 1 15 

Medium 2 

High 3 

4 Drainage Density Very High 5 25 

High 4 

Medium 3 

Low 2 

Very Low 1 

5 Geology Madhupur Clay 

residuum 

1 10 

Silty-Clayey Residuum 2 

6 Soil Texture Sandy Clay Loam 2 20 

Clay Cloam 1 
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2.3.2 SWL Prediction 

Random Forest (RF) and XGBoost models were trained using Python 3.8 on Google Colab with libraries (pandas, 

numpy, scikit-learn, XGBoost). Due to their ability to handle nonlinear relationships and temporal data both of 

these models were chosen. Data preprocessing included:  

• EDA: Analyzed house connections and SWL distributions. 

• Outlier Handling: Capped SWL at 400 feet.  

• Feature Engineering: Extracted temporal features (Year, Month, Season), interpolated house 

connections, and computed lagged/rolling SWL.  

• Train-Test Split: 80% training (2011–2022), 20% testing (2022–2024). 

• Future predictions incorporated a -6.5 feet/year trend cap and house connection extrapolation 

 

Figure 2: Model Architecture 

3 Data and Map Analysis 

 

 3.1 LULC 

From 2017 to 2021, built-up areas increased from 12.06 km2 to 14.04 km2, while forests (2.91 to 2.70 km2) and 

waterbodies (1.03 to 0.74 km2) decreased, reflecting urbanization’s impact on reducing infiltration. 

 

 3.2 Rainfall  

Annual rainfall varied: 7.75–7.85 mm (2017), 4.99–5.02 mm (2019), 5.13–5.26 mm (2021). Higher rainfall in 

western areas (2021) supports greater recharge potential. 

 

 3.3 Slope 

 The area features gentle slopes (0°–1.5°), ideal for infiltration, with minimal variation over time.  

 

3.4 Drainage Density 

Low drainage density (0–5 km/km2) dominates, enhancing recharge potential due to reduced runoff.  

 

3.5 Soil  

Sandy clay loam (90.16%) supports moderate recharge, while clay loam limits infiltration. 

 

 3.6 Geology  

Madhupur Clay Residuum (88.89%, 16 km2) restricts recharge; alluvial silt and clay (11.11%, 2 km2) offer better 

infiltration.  
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3.7 Model Performance  

RF and XGBoost models showed MAE (∼36 feet) and RMSE (∼43 feet), indicating moderate errors due to 

limited parameters and data inconsistencies, highlighting the need for additional variables. 

 

4 Result and Discussion 

 

4.1 Groundwater Potential Zonation 

GWPZ maps for 2017, 2019, and 2021 showed Moderate potential zones dominating (10.29–11.06 km²), followed 

by High (2.64–3.16 km²) and Very High (2.87–3.56 km²) zones in western and northern areas (Table 3). Low 

potential zones (0.77–0.83 km²) were concentrated in the northeast. Changes in High and Very High zones reflected 

variations in rainfall and extraction. 

 

Table 2: Areas of Groundwater Potential Zones (km²) 

Year Low Moderate High Very 

High 
2017 0.83 11.05 2.70 3.56 

2019 0.77 11.06 2.64 2.87 

2021 0.79 10.29 3.16 3.01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 SWL Prediction 

RF and XGBoost models predicted SWL declines to 400–440 feet in Kollanpur-2 by 2050 (Table 4). Model 

performance showed MAE of 36 feet and RMSE of 43 feet, indicating limitations due to data constraints. House 

connections increased from 11,422 (2011) to 13,453 (2024), correlating with depletion 

Table 3: Predicted SWL for Kollanpur-2 (feet) 
 

Year RF Model XGBoost 

2025 256 255 

2030 285.5 281.5 

2040 359.5 342 

2050 440.3 400.8 

 

4.3 Trend Analysis 

The Mann-Kendall test indicated a non-significant declining trend in groundwater potential (p-value: 1.0, tau: 

-0.3333, slope: -0.2255), suggesting short-term variability rather than a long-term trend 

 

4.4 Implications 

The steady decline in groundwater levels, driven by urbanization and limited recharge, underscores the need for 

DWASA to reduce groundwater dependency through conjunctive use of surface water. 
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5 Conclusion and Recommendations 

 

5.1 Conclusion  

This study delineated GWPZs in DWASA MODS Zone-4, identifying moderate potential zones (10.29–11.06 km2) 

and predicting SWL declines to 400–440 feet by 2050, consistent with Dhaka’s depletion rates. Urbanization and 

clayey soils exacerbate recharge limitations, threatening aquifer sustainability. The scalable framework offers 

insights for urban aquifer management. 

 

5.2 Mitigation Measures 

 

5.2.1 MAR Approach 

Managed Aquifer Recharge (MAR) operates by deliberate injection of water into aquifers underground so as to 

increase ground water supplies.  

5.2.2 Permeable concrete Approach 

Permeable concrete, often referred to as recharge or soak pits with perforated linings, are straightforward and 

efficient structures designed to augment groundwater recharge, particularly in urban and semi-urban regions  

 

 5.3 Recommendations  

• Use more variables in Machine Learning and high-resolution data for improved GWPZ mapping.  

• Develop real-time monitoring systems integrating GIS and AI.  

• Collaborate with stakeholders for validation and practical application. 
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