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Abstract

Rainfall and runoff are essential hydrologic variables in the assessment of water resources. This study utilizes the
Soil Conservation Service Curve Number (SCS-CN) and Revised Universal Soil Loss Equation (RUSLE)
models to estimate surface runoff and average annual soil erosion in the Dakatia River Basin, Bangladesh, during
the period 2010 to 2020, respectively. The SCS-CN model estimated the highest annual runoff at 1910 mm in
2017 and the lowest at 177 mm in 2012, with an average annual runoff of 579 mm. This is equivalent to
approximately 21.75x107 m? per year in volumetric terms. Using the RUSLE model, the study found that annual
soil erosion rates varied between 0 and 661 t ha™' yr'. The total estimated average annual soil loss across the
basin was 1.91x10° t yr'. Spatial analysis indicated that approximately 98.36% of the basin area falls within
extremely low to low erosion susceptibility zones, indicating limited vulnerability in most parts of the basin.
These results highlight the spatial and temporal variability of runoff and erosion across the watershed. The
study’s findings can support policymakers, stakeholders, and researchers in identifying erosion-prone areas and
developing sustainable land and water resource management strategies for effective erosion mitigation.
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1 Introduction

Runoff is a key hydrological component in water resource management, hydraulic design, and erosion control
(lbrahim et al., 2021). It occurs when rainfall or snowmelt exceeds the soil’s infiltration capacity, generating
overland flow—a vital phase in the hydrologic cycle (Satheeshkumar et al., 2017). Understanding runoff is
essential for efficient water use, soil conservation, and flood mitigation (Singh et al., 2015). Its generation
depends on rainfall characteristics, soil infiltration, and watershed features such as land use, topography, and
drainage.

Among various estimation methods, the SCS-CN model (USDA NRCS, 1969) is widely adopted for its
simplicity and minimal data requirements (Jaafar et al., 2020). It computes runoff using the Curve Number (CN),
which integrates land use, soil type, and antecedent moisture. Lower CNs indicate higher infiltration, while
higher CNs signify greater runoff potential (Shadeed and Almasri, 2010). Soils are classified into Hydrologic
Soil Groups (A-D) based on permeability, from high (A) to low (D). Assessing rainfall-induced erosion
alongside runoff is vital for sustainable watershed management, as erosion—driven by rainfall, runoff, slope,
soil, land use, and vegetation—poses severe risks to agriculture and natural ecosystems.

Numerous soil erosion models exist, but the RUSLE is among the most widely applied due to its empirical
nature, minimal data requirements, and adaptability to different regions (Maria Kouli et al., 2008). The RUSLE
integrates rainfall, soil type, topography, land cover, and conservation practices to estimate average annual soil
loss. It is especially effective when combined with Geographic Information Systems (GIS) and Remote Sensing
(RS), enabling spatial visualization and large-scale analysis (Rabin Bhattarai and Dushmata Dutta, 2007).
Although RUSLE and SCS-CN have been used extensively in individual studies, few have integrated both
models on a common GIS-RS platform to assess runoff and soil erosion simultaneously at the watershed level.
This represents a critical research gap, especially in regions like Bangladesh.
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The Dakatia River Basin in eastern Bangladesh is agriculturally and economically significant, yet increasingly
vulnerable to land degradation due to both natural (soil erosion) and anthropogenic pressures. Effective
watershed management in this area requires a holistic approach to assessing both runoff and soil loss. This study
aims to bridge the gap by applying integrated SCS-CN and RUSLE models using GIS and RS to evaluate
hydrologic and erosion dynamics in the Dakatia river Basin. The objectives are twofold: (1) to quantify the
spatiotemporal patterns of rainfall-induced runoff and (2) to assess soil erosion across the basin. This study
provides crucial insights for local communities and government by identifying erosion- and runoff-prone areas,
supporting data-driven decisions to prioritize conservation efforts, enhance soil and water conservation, improve
flood control, and promote climate-resilient land-use planning for sustainable watershed management.

2 Materials and Methods
2.1  Study Area

The Dakatia River Basin, located between 22°67'40.47"-23°41'51.24"N and 90°1529.96"-90°27'13.78"E,
covers 3,756 km? in eastern Bangladesh. A tributary of the Meghna River, it originates from hill streams in the
Tippera Hills and flows 207 km before joining the Meghna near Raipur. The basin experiences a tropical
monsoon climate, with an average annual temperature of 26.24 °C and 2,686 mm of rainfall. The rainy season
spans June—October, driven by southeast monsoon winds, while the dry season occurs from March—May. The
area’s average elevation is 9.42 m, and it is predominantly covered by cropland with minimal barren land, as per
LULC and DEM data.

2.2 Data used

The study employed four key datasets to support runoff and soil erosion analysis. First, Land use and Land
Cover (LULC) data in Geo-TIFF format, covering 2010-2020 at a 10 m spatial resolution, was sourced from Esri
and used to classify surface characteristics influencing both runoff and erosion. Second, a Digital Elevation
Model (DEM) from the SRTM dataset (2020) at 30 m resolution was obtained from USGS Earth Explorer,
aiding in slope derivation and watershed delineation. Third, precipitation data for 2020 in CSV format were
accessed from NASA’s POWER Data Access Viewer, providing essential rainfall input for runoff estimation and
rainfall erosivity calculation. Lastly, HSG data in Geo-TIFF format (2020) at a 250 m resolution were sourced
from ORNL DAAC, used to determine soil infiltration capacity, a critical input for the SCS-CN model. These
datasets collectively enabled spatially and temporally consistent modeling of hydrological processes in the
Dakatia River Basin.

2.3 Methods

This study applied an integrated GIS-based framework combining the SCS-CN and RUSLE models to assess
surface runoff and soil erosion across the watershed. The SCS-CN method, a widely adopted empirical
hydrologic model, was used to estimate direct runoff by incorporating precipitation, LULC, HSG, and antecedent
moisture conditions (AMC). Weighted Curve Numbers (WCN) were computed to reflect spatial variability in
runoff potential, accounting for soil infiltration capacity and land surface characteristics. In parallel, the RUSLE
model was employed to estimate average annual soil loss by integrating five key parameters: rainfall erosivity
(R), soil erodibility (K), slope length and steepness (LS), vegetation cover-management (C) factor, and support
practice (P) factors. These inputs were derived from various sources, including DEM for topographic analysis,
FAO soil data for erodibility, Landsat 8 imagery for NDVI-based C factor, and empirical equations from
literature for R and P values. The entire modeling process was implemented in a GIS environment, allowing for
spatially explicit analysis of the basin’s erosion and hydrological response. This integrated approach provides a
robust and scalable tool for understanding watershed dynamics and informing land use planning, soil
conservation strategies, and climate-resilient water resource management.

3 Result and Discussion

This study applied the SCS-CN and RUSLE models, integrated with GIS, to estimate surface runoff and average
annual soil erosion in the Dakatia River Basin, where croplands dominate and HSG types C/D prevail. Key
erosion drivers include land cover, slope, soil conservation practices, and soil erodibility, influencing the spatial
distribution of soil loss across the basin.

The LULC map of the Dakatia River Basin shows that croplands dominate 51.74% (1943.86 km?), followed by
tree cover at 25.6% (769.26 km?), built-up areas at 16.48% (619.18 km?), and water bodies at 5.49%
(206.25 km?), with minimal coverage by grasslands, flooded vegetation, and bare ground. The primary LULC
classes include crops, trees, urban areas, grasslands, and water bodies (Figure 1A). The Dakatia River Basin is
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primarily covered by HSG C and C/D, spanning 1117.93 km? and 2237.13 km?2 (64.10%) respectively, with
smaller areas under D and D/D groups (Figure 1B). HSG classification, combined with land use data, was used
to generate curve numbers for assessing runoff potential. The HSG is divided into four groups (A, B, C, D) based
on soil infiltration capacity. The CN values were derived by integrating LULC and HSG data in a GIS
environment (Figure 1C).
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Figure 1. Land use and land cover, hydrological soil group, and curve number map.

3.1 Rainfall Variability and Runoff Estimation Using the SCS-CN Method

The CN, ranging from 1 to 100, reflects runoff potential based on LULC, HSG, and hydrologic conditions; a
higher CN indicates greater runoff. Using GIS overlay analysis, the area-weighted CN for the Dakatia River
Basin was derived, ranging from 70 to 98, and used to estimate runoff. Rainfall data from 2010-2020 showed an
increasing trend, with an average of 2686 mm/year, peaking at 5294 mm in 2017. Runoff was estimated using
the SCS-CN method, yielding an average of 579 mm/year, with 1910 mm in 2017 as the highest (Figure 2).
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Figure 2. Rainfall-runoff disparity over (2010-2020).

3.2 RUSLE components

The Dakatia River Basin receives an average annual rainfall of 2686 mm, resulting in an R factor of 979 MJ mm
ha™! h™! yr! (Figure 3A). The soil erodibility factor (K), influenced primarily by soil texture along with particle
size, permeability, and clay mineralogy (Renard, 1997), ranges from 0.01 to 0.041 Mg h MJ™ mm™, with most
areas exhibiting low values (0.0041-0.028), indicating low susceptibility to erosion (Figure 3B). The topographic
factor (LS), derived from slope gradient and flow accumulation, ranges from 0 to 58, but most of the basin
exhibits low LS values (0-5), indicating a minimal topographic erosion risk (Figure 3C).
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The cover management factor (C), estimated from NDVI values (-0.10 to +0.38) based on Landsat 8 imagery,
varies between 0.195 (forest) and 0.591 (barren land), reflecting the influence of vegetation on erosion protection
(Figures 3D-3E). The support practice factor (P), representing erosion control measures, was determined from
land use data. Agricultural land (51.74%) was assigned a P value of 0.5, flooded vegetation (0.17%) = 0.8, forest
(25.80%) = 0.17, urban and settlement areas (16.48%) = 0.17, while grassland and bare or water surfaces were
assigned P = 1.0 (Table 1; Figure 3F).
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Figure 3. Rainfall erosivity, soil erosivity, slope length, and steepness factor, normalized difference vegetation
index, vegetation cover and management factor, and support practice factors.
Table 1: Spatial categories of LULC and corresponding P factor

SN LULC Area (km?) Area (%) P factors
1 Water body 206.25 5.49 1
2 Tree 969.26 25.80 1
3 Flooded vegetation 6.34 0.17 0.8
4 Crops 1943.86 51.74 0.5
5 Build area 619.18 16.48 0.17
6 Bare land 1.77 0.05 1
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3.3 Potential annual soil erosion estimation

The aforementioned five RUSLE parameters have a significant impact on the soil loss values derived by the
updated equation (e.g., A=R*K*LC*C*P), and these values can change significantly as a result of shifting
climatic circumstances. On several scales, average annual soil erosion was categorized (Dabral et al., 2008). The
potential annual loss of soil (A) in Dakatia was evaluated pixel-by-pixel using the RUSLE parameter, exposing
its geographical distribution throughout the research region. The expected yearly average soil erosion for the area
ranges from 0 to 661 t ha™* yr?, respectively. The total soil loss for the basin is estimated to be 1.91x105 t yr*
based on the land use map for 2020. The entire watershed was split into six categories—low, moderate, high,
very high, severe, and very severe erosion regions, in order to assess the susceptibility to erosion (Figure 4).
Interestingly, little soil erosion was observed across a large area of the river basin. However, in a few areas with
little vegetation and steep slopes, significant to extremely severe soil erosion was noted. In contrast, moderate
soil erosion was prevalent in the foothills, particularly in areas with agricultural fields near mild slopes.
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Figure 4. Soil erosion map of Dakatia Basin.

4 Conclusion

This study conducts a spatial assessment of surface runoff and soil erosion in the Dakatia River Basin using the
integrated SCS-CN and RUSLE models within a GIS framework. Results reveal marked spatial variability in
runoff and erosion, influenced by land use, soil type, topography, and climate. High curve number values and
dominant hydrological soil groups C/D indicate low infiltration and high runoff, especially during heavy rainfall
years such as 2017. RUSLE estimates show annual erosion rates ranging from 0 to 661 t ha™' yr' (average 0.50 t
ha™ yr') and total soil loss of about 1.91x10° t. Erosion hotspots, mainly on steep and sparsely vegetated slopes,
require urgent conservation measures. By integrating high-resolution remote sensing and hydrological modeling,
the study enhances understanding of watershed-scale erosion dynamics and offers a replicable framework for
similar regions. The findings provide essential insights for policymakers and planners to design targeted soil and
water conservation strategies. Considering ongoing land use changes and climate impacts, the study emphasizes
the integration of dynamic datasets, such as the Rainfall Intensity—Duration—Frequency (IDF) relationship, into
erosion modeling to better capture rainfall variability and its influence on runoff and soil loss. Incorporating IDF
analysis in future studies would further improve the accuracy of rainfall erosivity estimation and support the
development of robust, climate-resilient watershed management practices. Moreover, mainstreaming geospatial
tools remains vital for sustainable watershed management and soil resource preservation.
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