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Abstract

Groundwater recharge assessment plays a vital role in sustainable water resources management, especially in
physio graphically diverse regions. Groundwater recharge in Godagari Upazila differs markedly between the
western and the eastern regions. Western Barind has low recharge due to clayey soils and high runoff, while the
eastern floodplain sees higher recharge from permeable soils and seasonal flooding, leading to varied groundwater
availability and quality. A geospatially integrated methodological framework was applied using high-resolution
LULC(Land Use-Land Cover), Slope and hydrogeological data (from USGS) within an AHP(Analytic Hierarchy
Process)-based MCDM (Multi-Criteria Decision Making) framework in ArcGIS. Thematic layers were
reclassified, weighted, and overlaid to delineate physiographic zones pf Godagari Upazila, revealing highly
heterogeneous groundwater recharge conditions and supporting informed decision making for long term recharge
planning. Eastern floodplain has high recharge from permeable soils and flooding, while western Barind has low
recharge due to dense clayey soils and low infiltration. GIS-based MCDM captured this diversification. The sharp
east-west contrast highlights the need for location-specific groundwater management and emphasizes tailored
plans based on physiographic settings. The novelty of this study lies in the unique comparison of flood hazard and
soil maps to assess groundwater recharge in Godagari Upazila, an approach not previously applied, with a
theoretical AHP-based interpretation provided without generating the AHP map. The study underscores the
importance of multi-disciplinary spatial water planning for long-term groundwater sustainability.
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1 Introduction

Groundwater is a critical source of water for domestic, agricultural, and industrial use, especially in regions where
surface where is scarce or seasonal (Das & Mukhopadhyay, 2020; Meng et al., 2024). Assessing groundwater
recharge is essential for sustainable water management, particularly in areas with diverse physiographic and
hydrological Characteristics (Hossain et al., 2024). In Godagari Upazila ,located in the Barind Tract of
northwestern Bangladesh, groundwater recharge varies sharply between the western Barind region and the eastern
floodplain due to differences in soil type ,slope, and land use (Hossain et al., 2024; Riaz & Mohiuddin, 2025). The
western part is dominated by dense clayey soils and high runoff, which results in low in filtration and poor recharge
conditions (Md. Z. Hossain et al., 2024; Meng et al., 2024). In contrast, the eastern floodplain contains more
permeable soils and experiences seasonal flooding’s, leading to higher groundwater recharge potential (Das &
Mukhopadhyay, 2020; Kusibu et al., n.d.). To accurately map and assess these recharge zones, geospatial tools
such as GIS and remote sensing can be combined with Multi-Criteria Decision Making (MCDM) techniques,
particularly the Analytic Hierarchy Process (AHP) .(Hossain et al., 2024; Kusibu et al., n.d.; Riaz & Mohiuddin,
2025).AHP-based GIS methods are effective for mapping groundwater recharge by combining factors like LULC,
slope ,soil and drainage (Kusibu et al., n.d.; Meng et al., 2024).These layers are weighted and overlaid to reflect
hydrogeological variation (Das & Mukhopadhyay, 2020; Riaz & Mohiuddin, 2025).In this study, the method is
applied with fewer layers due to data limitations. This study uses a simplified AHP-bases MCDM approach in
ArcGIS to assess groundwater recharge in Godagari Upazila. This study aims to map groundwater recharge zones
in Godagari Upazila using flood and soil data to enable location-specific and sustainable groundwater management.
The resulting flood and groundwater recharge maps clearly highlight significant spatial variation in recharge
potential across the region, reflecting the combined influence of topography, land use, hydrological features, and
flood dynamics on infiltration and subsurface water movement.
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2 Methods and Materials

2.1 Geographical description of the study area
The study area includes the eastern and western
parts of Godagari Upazila, located in Rajshahi
District, northwestern Bangladesh, covering
approximately 475 km? (BBS,2022). The western
part falls within the Barind Tract, composed of
Pleistocene uplifted terraces with red-brown clay
soils, while the eastern side consists of alluvial
floodplains favorable for agriculture and
groundwater recharge (Aziz et al., 2015). The
region experiences a tropical monsoon climate
with an average annual rainfall of 1,240-1,600
mm, concentrated between June and October
(Islam et al., 2014). Groundwater serves as the
main source for irrigation, particularly during the
dry season, but over-extraction has led to a
continuous decline in groundwater levels, at rates
of up to 0.38 m/year (Hossain et al., 2021).

2.2 Methodological structure of the study
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Figure 1. Location Map of Godagari Upazilla,
Rajshahi District.

Figure 2 illustrates spatial data, thematic layers such as LULC, NDVI, TWI, slope, and drainage density were
derived, reclassified, and weighted based on their influence on groundwater recharge. A weighted overlay analysis
was then performed in ArcGIS to identify and map potential groundwater recharge zones.
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Figure 2. Flowchart of entire methodology adopted for the present study

2.3 Datasets and tools

All spatial and non-spatial data from reliable sources (see Table 1) were used to map groundwater recharge zones
in Godagari Upazila. Eleven thematic layers were integrated via knowledge-driven analysis in ArcGIS 10.7 to

identify suitable recharge areas.

Table 1. Summary of data source

Factor(s)

Source / Method Data Type

Wetness Index (TWI), Hydrologic Flow Direction

DEM, Slope, Drainage Density, Lineament Density, Topographic | USGS, SRTM, Derived from DEM, | Raster (30m)

ArcGIS Hydrology Toolset

Land Use / Land Cover (LULC), NDVI Landsat 9 (USGS) Raster (30m)
Distance to River HydroBasins-HydroSheds (digitized) | Vector
Distance to Road Open Street Maps (digitized) Vector

Soil Type

FAO/UNESCO Soil Map of the World | Vector

Digital Elevation Model (DEM / Elevation): DEM provides terrain elevation that governs water flow and
accumulation areas; it's used to derive slope, flow direction, and TWI layers. Included to model surface runoff
pathways and potential infiltration zones. Essential for accurate hydrological modeling and recharge mapping

(Guerrdn-Orejuela et al., 2023).

Slope: Slope influences runoff velocity: gentle slopes favor infiltration; steep ones cause quick runoff. Although
minor, slope variability still contributes to recharge distribution. (Das & Mukhopadhyay, 2020).
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Land Use / Land Cover (LULC): LULC differentiates permeable vegetated areas from impervious urban
surfaces, influencing groundwater recharge. (Tabassum et al., 2025).

Distance to River (D.River) : Proximity to rivers influences recharge, with moderate distances enhancing
infiltration by balancing water availability and flood risk. (Tabassum et al., 2025).

Distance to Road (D.Road) : Road density reflects surface sealing; areas farther from roads generally offer better
infiltration and recharge potential. (Gumma, M. K., & Pavelic, P. 2013).
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Figure 3. Factors maps for Flood Hazard

Drainage Density (DD): Drainage density inversely affects infiltration; lower density allows more water retention
and percolation, enhancing recharge. (Kusibu et al., 2025).

Soil Type: Soil texture governs infiltration—sandy soils enhance, while clayey soils hinder it—making it vital for
assessing recharge potential. (Guerrén-Orejuela et al., 2023).

Lineament Density (LD): Lineaments enhance subsurface connectivity; higher density indicates greater
secondary porosity, crucial for recharge in hard rock terrains. (Kusibu et al., 2025).

Topographic Wetness Index (TWI): TWI identifies moisture accumulation zones; high values indicate greater
infiltration potential, aiding terrain-based recharge analysis. (Beven & Kirkby, 1979).

Normalized Difference Vegetation Index (NDVI): NDVI reflects vegetation density; moderate values suggest
permeable, less-disturbed soils favorable for infiltration and recharge. (Aziz et al., 2015) .

Hydrologic Flow Direction (HFD): Flow direction highlights convergent areas that concentrate water and
enhance infiltration, improving recharge mapping accuracy. (Rahaman et al., 2022).

2.4 Weighting and grading of the various thematic maps
The Analytical Hierarchy Process (AHP) (Saaty, 1977) was used to weight 11 thematic layers affecting

groundwater recharge. Pairwise comparisons based on expert judgment and literature (Gumma & Pavelic, 2013;
Dekongmen et al., 2022; Abebrese et al., 2022) assigned weights from 1 to 6.
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Table 2. Pairwise comparison matrix and weight of all groundwater potential factors for Analytical Hierarchy
Process (AHP) process.

Factors D.Road | LULC LD DD Slope | D.River | NDVI TWI FD Elevation

D.Road 1 2 2 3 2 2 3 2 4 2
LULC 0.5 1 1 2 1 1 2 1 3 1
LD 0.5 1 1 2 1 1 2 1 2 1
DD 0.333 0.5 0.5 1 0.5 1 1 1 2 1
Slope 0.5 1 1 2 1 1 2 1 2 1
D.River 0.5 1 1 1 1 1 2 1 2 1

NDVI 0.333 0.5 0.5 1 0.5 0.5 1 0.5 1 0.5
TWI 0.5 1 1 1 1 1 2 1 2 1

HFD 0.25 0.333 0.5 0.5 0.5 0.5 1 0.5 1 0.5
Elevation 0.5 1 1 1 1 1 2 1 2 1

(Source: Gumma & Pavelic, 2013; Dekongmen et al., 2022; Abebrese et al., 2022)

Table 3. Scores and weights assigned to sub-features of the influencing factors

Influencing Factor Feature/Class AHP Score (1-5scale) | Weight

Slope (%) 0-1.98 Very Low 5
1.99-3.66 Low 4

3.67-5.54 Moderate 3 0.106
5.55-8.89 High 2
8.91-25.2 Very High 1
Distance to River (m) 0-706 Very Low 5
707-1410 Low 4

1410-2120 Moderate 3 0.099
2130-2830 High 2
2840-3530 Very High 1
Lineament Density (km/kmA2) 0-0.25 Very Low 5
0.25-0.65 Low 4

0.65-1.2 Moderate 3 0.106
1.2-1.85 High 2
1.85-3 Very High 1
Drainage Density (km/kmA?) 0.05-0.75 Very Low 5
0.75-1.05 Low 4

1.05-1.25 Moderate 3 0.075
1.25-15 High 2
15-25 Very High 1
TWI 4.8-7.78 Very Low 1
7.79-9.39 Low 2

9.4-11.3 Moderate 3 0.099
11.4-14 High 4
14.1-20.6 Very High 5
LULC 10 Very Low 1
10.1-40 Low 2

40.1-50 Moderate 3 0.111
50.1-60 High 4
60.1-90 Very High 5
NDVI 0.955-39.9 Very Low 5
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40-59.4 Low 4

59.5-72.3 Moderate 3 0.055
72.4-81 High 2
81.1-89.7 Very High 1
Flow Direction 1.0-2.0 Very Low 1
2.01-8 Low 2

8.01-32 Moderate 3 0.05
32.1-64 High 4
64.1-128 Very High 5
Elevation 0-18 Very Low 5
18.1-24 Low 4

24.1-30 Moderate 3 0.099
30.1-36 High 2
36.1-51 Very High 1
Distance to Road 0-1230 Very Low 5
1240-2460 Low 4

2470-3700 Moderate 3 0.2

3710-4930 High 2
4940-6160 Very High 1

Total 1.00

According to (Saaty, 1977), the AHP scores were collected and later compared with those reported in other studies
(Gumma & Pavelic, 2013; Dekongmen et al., 2022; Abebrese et al., 2022).

3. Results and Discussions

Soil Mup of Godagari Uparilla, Rajshahi District

3.1 Thematic Layers and Data Preparation for Groundwater Mapping
Eleven thematic layers—were used to map groundwater recharge zones in
Godagari Upazila. All were standardized into five classes for consistency. The
soil map, with only three classes, was excluded due to classification inconsistency
and limited variation. Flood hazard was prioritized for its role in controlling runoff
and infiltration. This approach aligns with previous studies (Guerrén-Orejuela et
al., 2023; Dekongmen et al., 2022).

3.2 Weight Assignment and Groundwater Recharge Zonation Using AHP
The Analytical Hierarchy Process (AHP) was used to assign relative weights to
each thematic layer based on literature (Saaty, 1977; Abebrese et al., 2022). Flood
hazard, slope, and distance to road were weighted highly. After standardization,
all layers were integrated using a weighted overlay method in ArcGIS. The
resulting map categorized groundwater recharge zones into five classes: very low,
low, medium, high, and very high, in line with similar GIS-based AHP studies
(Gumma & Pavelic, 2013; Dekongmen et al., 2022). The soil layer was excluded
to ensure methodological consistency.

3.3 Interpretation and Limitations
The flood hazard-based groundwater recharge map (Figure 4) effectively captured
spatial variation across in Godagari Upazila. The western Barind region,
characterized by frequent flooding and high runoff, exhibited very low recharge
potential, while the eastern floodplain showed high recharge potential, likely due
to moderate flooding that enhances infiltration. This aligns with spatial
groundwater patterns observed in similar studies (Gumma & Pavelic, 2013;
Dekongmen et al., 2022). While the exclusion of soil data, limited field validation, " ’ " "
reliance on secondary satellite sources, and temporal mismatches pose challenges, ~ Figure 5. AHP Flood Hazard
the AHP-based model still performs effectively. Map for Groundwater
Recharge Zones
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4, Conclusion

This study used GIS-based AHP to delineate groundwater recharge zones in Godagari Upazila. Results showed
low recharge potential in the runoff-prone western Barind and higher potential in the eastern floodplain. Despite
limitations like lack of soil data and field validation, the findings align with expected patterns. The approach offers
a practical tool for groundwater planning in data-scarce regions. Future research should incorporate additional
hydrological factors—such as soil texture, groundwater depth, and infiltration rates—and include field-based
validation using borehole data to improve model accuracy and regional applicability.
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