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Abstract

The conversion of vegetated areas into impervious urban surfaces, significantly changes rainfall-runoff dynamics.
In regions like Cumilla District, Bangladesh, rapid urban expansion in areas such as Adarsha Sadar and Barua
Upazilas exhibit distinct land use patterns that affect rainfall-runoff processes differently which changed
hydrologic responses. This study uses HEC-HMS (Hydrologic Engineering Center- Hydrologic Modeling System)
and ArcGIS (Geographic Information System software) to analyze and compare runoff dynamics in both regions.
The methodological framework involves two contrasting sub-basins—one predominantly urban and the other
rural—were delineated using DEM (Digital Elevation Model) data and land use classification. Hydrologic
parameters such as curve number (CN), imperviousness, and time of concentration were determined as a function
of land use and soil characteristics. Meteorology and spatial data were used in HEC-HMS to simulate runoff
processes, and analyze variation in rainfall-runoff dynamics between landscapes. The urban basin exhibited greater
curve numbers and greater impervious surface area leading to increased peak discharge of 99.6 m%/s among 5
years. Conversely, the rural basin’s lesser imperviousness led to lesser peak discharge of 52.8 m%/s. These findings
underscore the influence of land use and basin characteristics on rainfall-runoff processes and the significance of
site-specific tailored water management strategies.

Keywords: Rainfall-Runoff Dynamics; Land Use Change; Hydrologic Engineering Center- Hydrologic Modeling
System (HEC-HMS), ArcGIS, Hydrologic Modeling.

1 Introduction

Land Use Land Cover changes is one of the most influential indirect factors affecting hydrologic responses. Land
use changes modify the direct factors affecting hydrologic response like soil type, imperviousness, infiltration. It
has dynamics that are important elements for monitoring, evaluating, protecting, and planning for earth
resources(Rawat et al., 2013a). Human modification of nature such as changes in land use specially near river
basins, irrigation, etc., has brought extreme changes to hydrological variations (Koneti et al., 2018a). The rivers of
Bangladesh and the low-lying topography of country causes heavy flood every year while due to urbanization, the
ground imperviousness and lack of forest areas making these issues even more vital(Munna et al., 2021a).
However, soil characteristics and Curve Number (CN) is the most important factors that is used to analyze
hydrological responses. Capturing the influence of soil characteristics which significantly impact the land surface
processes is a key to watershed hydrology and environmental modelling (Trinh et al., 2018). In this study, CN
number was depicted from the soil map created by ArcGIS from the datasets of Food and Agriculture
Organizations (FAO) and later used as input in HEC-HMS modelling. The expansion of impervious area reduces
the infiltration rate, enhances direct runoff which ultimately modify the hydrologic behaviour in urban watersheds
(YYang et al., 2015) . The main purpose of this study was mainly visualizing the different hydrologic responses in
two contrasting area where one has faced rapid urbanizations and the other one less urbanization over the year.
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2 Methods and Materials

2.1 Geographical Description of The Study Area

The study area includes Adarsha Sadar and
Barura Upazilas in Cumilla District,

southeastern Bangladesh, covering about 590 -

km? within the Meghna River Basin (Sk

Mashudur Rahman Farida Yeasmin Faruk -

Hossain, n.d.). The study focuses on two sub-
districts within Cumilla district, Bangladesh:
Cumilla Adarsha Sadar (23°24'N to

23°31'N, 91°03'E to 91° 15'E) and Barura
Upazila (23°14'N to 23°37'N, 90°56'E to _
Cumilla

91°08'E) (Banglapedia, 2023).
Adarsha Sadar is rapidly urbanizing, featuring
high
expanding built-up areas, which increase

surface runoff. In contrast, Barura Upazila *
with .

remains predominantly agricultural
extensive cropland and natural vegetation,
promoting greater infiltration and
runoff. The contrasting land uses cause higher

runoff in Cumilla and more infiltration in *

Barura, making the area ideal to study land use
effects on runoff and watershed management
(Sk Mashudur Rahman Farida Yeasmin Faruk
Hossain, n.d.).

2.2 Methodological structure of the study
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Figure 1. Adarsha Sadar and Barura Upazilas in Cumilla District

The daily runoff for the period 2020-2025 was estimated using the SCS Curve Number (CN) method. The process
utilized datasets including land use/land cover and soil maps as well as meteorological data on rainfall (Sifa et al.,
2024)The SCS Curve Number (CN) method was applied in HEC-HMS to estimate rainfall-runoff. By inputting
spatial and meteorological datasets, the SCS method enabled the simulation of daily runoff within the HEC-HMS
hydrologic modeling environment. In HEC-HMS, outflow was simulated by using widely used parameters showed

in Table 1.
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Figure 2: Methodological Framework of the Study
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Table 1. Parameters used in HEC-HMS model.

Element Component Method Parameters
Canopy Simple Initial storage, Max storage, Crop coefficient
Surface Simple Initial storage, Max storage
Sub-basin Loss SCSCN Initial abstraction, Curve Number, % Impervious
Transform Clark UH Time of Concentration, Storage Coefficient
Baseflow Recession Initial discharge, Recission Constant, Ratio to peak
Reach Routing Lag Lag Time

2.3 SCS Curve Number (CN) Method

The SCS Curve Number (CN) method was applied in HEC-HMS to estimate runoff by linking rainfall with land
use and soil conditions using CN values. These values were assigned based on spatial analysis of land use and soil
maps following standard guidelines (U.S. Department of Agriculture, 1986).Local studies, such as (Munna et al.,
2021b; Rawat et al., 2013b),were also consulted to adapt CN values specific to the study area. The CN method
implemented in HEC-HMS efficiently simulates runoff response from rainfall events, providing reliable
hydrologic modeling results for watershed management.

2.3.1 Curve Number (CN)

Table 2 summarizes the land use/land cover (LULC) categories, their corresponding areas, percentage coverage,
and associated Curve Number (CN) values for Cumilla Adarsha Sadar and Barura Upazila. Standard CN values
were referenced for baseline values (U.S. Department of Agriculture, 1986).The CN values, assigned based on
land use and soil characteristics, were sourced from standard references and local studies (Munna et al., 2021b;
Rawat et al., 2013b). A weighted CN for each area was calculated using the proportion of each LULC class to
represent the overall runoff potential of the sub-basins. These values were used as inputs in the SCS-CN method
within HEC-HMS for accurate runoff simulation.

Table 2. Land Use Land Cover (LULC) and Curve Number (CN) Comparison for Cumilla Adarsha Sadar &
Barura Upazila.

LULC Cumilla Barura
category Adarsha Upazila
Sadar
Area (Sg.m) % Area CN Area (Sg.m) % Area CN

Tree Cover | 56,267,911.8 45.7 82 124,321,731.4 50.20 76
(Unpaved)

Grassland 1,118,217.57 0.91 86 290,457.20 0.20 86

Crop Land 48,297,361 39.22 85 119,146,304.7 48.42 82

Urban Area 15,552,270 12.63 77 2,059,062.84 1.08 77
(Paved)

Wet Land 421,744.39 0.34 71 23,257.38 0.01 71

(Unpaved)

Water Body | 1,417,717.96 1.15 100 119,137.10 0.05 100
Bare Land 60,847.53 0.05 78 94,085.06 0.04 78
Weighted 82.75 78.94

CN

Source: ((U.S. Department of Agriculture, 1986)

2.4 Hydrologic Soil Group (HSG)

Soil properties influence runoff after rainfall. Using the soil map from NBSS &UP (National Bureau of Soil Survey
and Land Use Planning) and regional reports, soils were classified into hydrological soil groups A, B, C, or D
based on USDA-SCS guidelines (Sifa et al., 2024) .

2.5 Antecedent Soil Moisture Condition (AMC)

The curve number (CN) values were assigned based on land use and soil data following USDA SCS guidelines,
representing average moisture condition (AMC-II). For more accurate runoff estimation, CN values can be
adjusted for Antecedent Moisture Condition (AMC) levels (dry, average, wet) using standard adjustment tables
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before applying them in HEC-HMS. This accounts for soil wetness variations without recalculating CN values
(Rawat et al., 2013b; Sifa et al., 2024; U.S. Department of Agriculture, 1986).

2.6 Land use and Land cover Map

LULC mapping provides vital insight into current land use patterns and their influence on runoff. Using a 30m
Landsat-8 image from USGS, the study area was classified into different LULC types based on spectral signatures.
This step is crucial, as built-up areas have higher runoff due to lower infiltration, and each land use type is assigned
a specific curve number (CN) according to soil texture (Sifa et al., 2024).

2.7 Rainfall Data

Daily rainfall data for a continuous 9-day period and average rainfall data were collected for the two sub-basins,
Cumilla Adarsha Sadar and Barura. The data span from April 2020 to June 2025, from the Climate Hazards Group
InfraRed Precipitation with Station data (CHIRPS) dataset.

3 Result and Discussion

3.1 Land Use and Land Cover (LULC)

The LULC maps (Figure 3) were developed considering key classes: tree cover (unpaved), grassland, cropland,
urban area (paved), wetland (unpaved), waterbody, and bare land. The data show that tree cover dominates both
areas, with 45.70% in Cumilla Adarsha Sadar and 50.20% in Barura Upazila. Cropland accounts for 39.22% and
48.42%, respectively, while urban areas cover 12.63% in Cumilla Adarsha Sadar but only 1.08% in Barura. Other
land use classes have smaller proportions. These categories were assigned Curve Number (CN) values following
USDA SCS guidelines (U.S. Department of Agriculture, 1986), and weighted CNs were calculated as 82.75 and
78.94 for Cumilla Adarsha Sadar and Barura, respectively. Each category is assigned a Curve Number (CN)
reflecting its runoff potential, with these CN values taken from SCS guidelines and regional studies. The area
percentages were used to calculate a weighted average CN for each zone, which served as input for hydrologic
modeling using HEC-HMS (Koneti et al., 2018b; Sifa et al., 2024; Technical Journal, 19 C.E.).
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Figure 3. Landuse Classification Map of a) Cumilla Adarsha sadar; b) Barura Upazila.

3.2 Hydrologic Soil Group (HGS)

The soil maps (Figure 4) for Cumilla Adarsha Sadar and Barura Upazila categorize each region according to their
hydrological soil groups (HGS) following the USDA SCS classification method (U.S. Department of Agriculture,
1986).In Cumilla Adarsha Sadar, the map shows a division between eastern and western areas but both are
classified as group C soils, indicating moderate infiltration capacity typical of loam or clay loam textures. In Barura
Upazila, the entire area is mapped as group C, reflecting a uniform presence of moderate infiltration soils. The soil
groupings were determined using soil texture and regional survey data,providing the basis for accurate Curve
Number (CN) assignment in SCS-CN hydrologic modeling (Koneti et al., 2018b; Sifa et al., 2024).
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Figure 4. Hydrological Soil Group (HGS) Classification Map of a) Cumilla Adarsha sadar; b) Barura Upazila.

3.3 HEC-HMS Model Output and Analysis

By inputting all the data and parameters, two separate models were run individually. Time series results and graphs
were generated for the outlet points of each watershed. Two outflow hydrographs were plotted in excel, by using
the data from the time series results of the outlet points of watersheds for better analysis. From the hydrograph of
Barura Watershed, the peak discharge of outlet is 52.8 m?/s, which occurred on 20" August, 2024, while at the
same date peak discharge of Adarsha Sadar was 96.7 m%/s which is nearly twice that of peak discharge of Barura.
Again, peak discharge of Cumilla Adarsha Sadar was 99.6 m®/s in 2" August, 2024 while at Barura Watershed, it
was 51.1 m%/s. By analyzing two graphs, it is observed that in both urban and rural areas, runoff is increasing
overtime. In Barura, peak discharge of year 2021 was 27.7 m3/s while at 2024 it was 52.8 m%/s. Similarly, in
Cumilla Adarsha Sadar, peak discharge of 2021 was 58 m®/s while at 2024 was 99.6 m%/s. in both cases, the outflow
discharge has increased more than 70%.
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4 Conclusion

The study was intended to emphasize the significant impact of land use patterns on the rainfall-runoff process by
comparing hydrologic responses in urban and rural sub-basins of Cumilla district using HEC-HMS and GIS. The
urban sub-basins of Cumilla Adarsha Sadar showed peak discharge 83% higher than the sub-basins of the rural
Barura watershed, which highlights how the built-up areas act as an obstacle to infiltration of runoff waters. On
the contrary, Barura watershed showed less runoff, which indicates more infiltration due to its only 1.08% built-
up area. This contrasting result shows the necessity for land use specific water management strategies along with
sustainable planning. The key limitation of the study was lack of high resolution observed flow data for calibration
and validation. Future research should be conducted by incorporating long term monitoring and climate variability
to enhance the accuracy reliability of model.
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