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This study applied DEM-based automatic watershed delineation using QGIS to derive 
hydrological parameters and develop a basin model for the Karangnongko Watershed, 
Bojonegoro. The delineation process successfully produced watershed boundaries, stream 
networks, and subbasin configurations consistent with the study area's topographic 
characteristics. Hydrological parameters such as watershed area, stream length, basin 
slope, and flow path characteristics were extracted from DEM analysis and used as input 
to develop the HEC-HMS basin model. The final model consists of 3 subbasins, 1 reach, 
and 1 junction, arranged according to the drainage hierarchy obtained from the delineation 
results. The results show that the accuracy of watershed delineation and hydrological 
parameter extraction is strongly influenced by DEM quality, preprocessing steps, and 
stream threshold selection. Proper DEM preprocessing, particularly sink filling and flow 
direction correction, improves drainage continuity and produces more reliable watershed 
representation. In general, integrating GIS-based delineation with HEC-HMS provides an 
efficient approach to hydrological modeling. This method improves spatial consistency, 
reduces manual interpretation during basin development, and supports more reliable 
preparation of hydrological parameters for watershed analysis. 
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1. INTRODUCTION 

1.1. Research Background  

A watershed is a hydrological unit that plays an important role in 
regulating the hydrological cycle, surface runoff, infiltration, and 
river discharge within a region. Accurate watershed delineation is 
essential in hydrological analysis because watershed boundaries 
and river network characteristics directly influence runoff 
response, discharge estimation, and flood behavior. In water 
resources management, watershed delineation is commonly used 

as the initial stage in hydrological modeling and flood analysis 
[1]. Advances in Geographic Information Systems (GIS) and 
Digital Elevation Model (DEM) technology have significantly 
improved the efficiency and accuracy of watershed delineation. 
DEM data provide digital representations of terrain elevation and 
enable automatic extraction of hydrological characteristics such 
as flow direction, flow accumulation, watershed boundaries, 
stream networks, basin slope, and stream length. One of the GIS-
based applications widely used for this purpose is QGIS, an open-
source spatial analysis platform equipped with hydrological 
processing tools for automatic watershed delineation [2]. 
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Previous watershed delineation studies were commonly 
conducted using manual methods based on topographic maps and 
visual interpretation. Although manual delineation can provide 
acceptable results, the process is time-consuming, less efficient 
for large watersheds, and highly dependent on user interpretation. 
In contrast, DEM-based automatic delineation in QGIS offers 
several advantages, including faster processing, improved spatial 
consistency, and the ability to generate hydrological parameters 
more systematically. However, the accuracy of delineation results 
remains strongly influenced by DEM quality, spatial resolution, 
preprocessing techniques, and outlet determination. Inaccurate 
delineation may affect watershed area estimation, stream network 
formation, and hydrological parameter extraction, thereby 
influencing hydrological modeling performance [3]. 
Hydrological modeling is widely applied in watershed 
management to estimate runoff characteristics, peak discharge, 
and flood hydrographs. One of the most widely used hydrological 
modeling software packages is HEC-HMS, developed by the 
United States Army Corps of Engineers. HEC-HMS requires 
watershed physical characteristics as primary input data, 
including watershed area, stream length, basin slope, subbasin 
configuration, and lag time parameters derived from watershed 
delineation results [4]. Therefore, accurate watershed delineation 
is a critical component in developing reliable hydrological 
models. 

The Karangnongko Dam Watershed in Bojonegoro is 
strategically important for water resources management, flood 
mitigation, and agricultural water supply within the Bengawan 
Solo Basin. Despite its importance, hydrological studies 
integrating DEM-based automatic watershed delineation using 
QGIS with HEC-HMS modeling in the Karangnongko Watershed 
remain limited. Most previous studies in similar areas primarily 
focused on conventional hydrological analysis or manual 
watershed interpretation. Therefore, this study aims to apply 
DEM-based automatic watershed delineation using QGIS and 
integrate the extracted hydrological parameters into HEC-HMS 
modeling for hydrological analysis in the Karangnongko Dam 
Watershed. This study focuses on watershed delineation, 
hydrological parameter extraction, and rainfall–runoff simulation 
using HEC-HMS under various rainfall return periods. The 
results of this study are expected to support hydrological analysis, 
flood control planning, and watershed management in the 
Karangnongko Dam area, while demonstrating the applicability 
of GIS-based automated delineation methods to improve the 
efficiency of hydrological modeling and spatial consistency. 

1.2. Literature Review 

Hydrological analysis and watershed modeling require accurate 
representation of watershed characteristics to produce reliable 
simulation results. In hydrological studies, watershed delineation 
is a fundamental process because the accuracy of watershed 
boundaries, stream networks, basin area, and topographic 
characteristics directly affects runoff estimates and hydrological 
responses. Inaccurate delineation may lead to errors in the 
extraction of hydrological parameters and affect the performance 
of hydrological models. 

The development of Geographic Information Systems (GIS) 
and Digital Elevation Models (DEMs) has significantly improved 
watershed analysis by enabling automatic delineation with 
greater efficiency and spatial consistency than conventional 
manual methods. However, the reliability of automatic 

delineation is strongly influenced by DEM quality, spatial 
resolution, preprocessing techniques, and outlet determination. 
These factors may affect the accuracy of stream network 
generation and watershed configuration used in hydrological 
modeling. 

To support hydrological simulations, watershed 
characteristics obtained from delineation processes are 
commonly integrated into HEC-HMS, which requires physical 
and hydrological parameters, including watershed area, stream 
length, slope, subbasin configuration, and lag time estimates. 
Therefore, understanding the theoretical concepts and prior 
studies on watershed delineation, DEM processing, GIS analysis, 
and HEC-HMS modeling is essential to establish a strong 
scientific foundation for this research. 

This literature review discusses the theoretical basis and prior 
studies on watershed characteristics, DEM-based automatic 
watershed delineation, the application of QGIS in hydrological 
analysis, and the integration of delineation results into HEC-HMS 
modeling. 

1.2.1. Watershed 

A watershed is not only a geographical boundary that collects and 
conveys rainfall runoff toward a common outlet, but also a 
dynamic hydrological system that governs the interactions among 
topography, land cover, soil characteristics, and river networks. 
The hydrological response of a watershed is strongly influenced 
by its physical characteristics, including watershed area, slope, 
drainage density, stream length, and land surface conditions. 
Variations in these characteristics may significantly affect 
infiltration capacity, runoff generation, peak discharge, and flood 
hydrograph behavior. Therefore, accurate identification and 
delineation of watershed boundaries are essential for hydrological 
analysis and water resources management, as errors in watershed 
characterization can lead to inaccuracies in runoff estimates and 
hydrological modeling results [1]. 

1.2.2. Digital Elevation Model (DEM) 

A Digital Elevation Model (DEM) is a digital representation of 
terrain elevation widely used in hydrological and terrain analysis 
to derive watershed characteristics such as slope, flow direction, 
flow accumulation, drainage networks, and watershed 
boundaries. In watershed delineation, DEM data provide the 
primary basis for identifying surface flow patterns and basin 
morphology. However, the accuracy of hydrological analysis 
strongly depends on DEM quality, spatial resolution, and 
preprocessing methods. Inadequate DEM resolution may produce 
incorrect stream networks, distorted watershed boundaries, and 
inaccurate hydrological parameters, which can significantly 
affect runoff estimation and the performance of hydrological 
models. Therefore, DEM selection and processing are critical 
stages in GIS-based watershed analysis and hydrological 
modeling [5]. 

1.2.3. Automatic Watershed Delineation 

Automatic watershed delineation is a GIS-based technique used 
to define watershed boundaries and drainage networks from 
Digital Elevation Model (DEM) data through automated terrain 
analysis. The delineation process generally involves DEM 
preprocessing, sink filling, flow-direction analysis, flow-
accumulation computation, stream-network extraction, and outlet 
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determination. Although automatic delineation significantly 
improves efficiency and spatial consistency compared to manual 
methods, the accuracy of delineation results is highly dependent 
on DEM resolution, preprocessing quality, and threshold 
parameter selection. Inaccurate delineation may produce 
unrealistic stream networks and watershed boundaries, which can 
affect the estimation of hydrological parameters and runoff 
simulation results in hydrological modeling [6]. 

1.2.4. QGIS for Hydrological Analysis 

QGIS is an open-source Geographic Information System (GIS) 
widely used for spatial and hydrological analysis due to its 
flexibility, accessibility, and integration with a range of 
geospatial processing tools. In hydrological studies, QGIS 
provides functionalities for DEM preprocessing, watershed 
delineation, stream network extraction, terrain analysis, and 
spatial data visualization. The use of QGIS in hydrological 
modeling has increased significantly because it enables efficient 
processing of large spatial datasets and supports reproducible, 
cost-effective watershed analysis. However, the accuracy of 
hydrological outputs generated in QGIS remains dependent on 
data quality, processing parameters, and the selected hydrological 
algorithms [7]. 

1.2.5. HEC-HMS 

HEC-HMS is a hydrological modeling software developed by the 
United States Army Corps of Engineers to simulate rainfall–
runoff processes within watershed systems. The model is widely 
used in hydrological studies because it integrates watershed 
physical characteristics, meteorological data, and hydrological 
parameters to estimate runoff behavior and peak discharge. HEC-
HMS requires accurate watershed characteristics such as basin 
area, stream length, slope, lag time, land use, and subbasin 
configuration derived from watershed delineation results. 
Consequently, inaccuracies in watershed parameter extraction 
may significantly affect runoff simulation and hydrograph 
generation, making watershed delineation a critical stage in 
hydrological modeling [8]. 

1.3. Research Objective 

This study aims to analyze DEM-based automatic watershed 
delineation using QGIS and extract hydrological parameters for 
HEC-HMS modeling in the Karangnongko Watershed, 
Bojonegoro. 

2. MATERIALS AND METHODS 

This study was conducted in the Karangnongko Watershed, 
located in Bojonegoro Regency, East Java, Indonesia. The 
research focused on DEM-based watershed delineation and the 
extraction of hydrological parameters using QGIS for HEC-HMS 
modeling. The Karangnongko Watershed was selected for its 
strategic role in water resources management, flood control, and 
reservoir operations in the upstream Bengawan Solo Basin. The 
research employed a spatial hydrological analysis approach based 
on Geographic Information Systems (GIS). The primary dataset 
used in this study was Digital Elevation Model Nasional 
(DEMNAS) data with an 8 m spatial resolution obtained from the 
Geospatial Information Agency (BIG). Additional supporting 
spatial datasets included river network maps, rainfall station 

distributions, watershed administrative boundaries, and land-use 
data. All spatial datasets were projected into the WGS 84 / UTM 
Zone 49S coordinate system to ensure spatial consistency 
throughout the analysis process. 

Watershed delineation and hydrological parameter extraction 
were performed using QGIS version 3.44.7 through several 
hydrological processing stages. The initial DEM preprocessing 
stage involved sink filling to eliminate surface depressions that 
could interfere with runoff flow analysis. Subsequently, flow 
direction analysis was performed using the D8 (Deterministic 
Eight-node) algorithm to determine the runoff direction for each 
raster cell. Flow accumulation analysis was then performed to 
identify upstream flow accumulation and potential drainage 
patterns within the watershed. Stream network extraction was 
conducted using a flow accumulation threshold value of 500 to 
define the river network system and drainage structure of the 
watershed. The watershed outlet point was determined at the 
Karangnongko Dam, the main discharge control point of the 
watershed system. Based on the defined outlet, automatic 
watershed boundary delineation and subbasin generation were 
performed using QGIS hydrological analysis tools.  

The delineation results were subsequently used to derive 
hydrological parameters required for HEC-HMS modeling, 
including watershed area, main stream length, basin slope, flow 
path length, drainage pattern, and subbasin configuration. Basin 
slope values were obtained from terrain slope analysis of the 
DEM, while stream characteristics and drainage networks were 
extracted from the generated stream system. The extracted 
parameters were further evaluated to ensure consistency with the 
actual watershed characteristics and topographic conditions of the 
study area. The hydrological parameters obtained from the GIS 
analysis were then integrated into HEC-HMS version 4.13 to 
develop the basin model configuration for rainfall–runoff 
simulation. The basin model was prepared by defining subbasin 
elements, river reach components, junctions, and outlet structures 
based on the watershed delineation results. Rainfall input data 
from surrounding rainfall stations were subsequently 
incorporated into the model to simulate watershed responses 
under various rainfall return periods.  

The developed HEC-HMS model was used to analyze 
watershed responses, including peak discharge, time to peak, 
runoff volume, and flood hydrograph characteristics under 2, 5, 
10, 25, 50, and 100 year rainfall return periods. The simulation 
outputs were analyzed to evaluate the hydrological characteristics 
of the Karangnongko Watershed and their implications for flood 
control and reservoir management. The overall research 
workflow consisted of DEM preprocessing, watershed 
delineation, hydrological parameter extraction, HEC-HMS basin 
model development, rainfall–runoff simulation, and flood 
hydrograph analysis. A detailed research workflow is presented 
in the research flowchart section. Due to the limited availability 
of observed discharge data within the Karangnongko Watershed, 
model calibration and validation using observed rainfall–runoff 
data were not conducted in this study. Therefore, the developed 
HEC-HMS model was primarily intended for hydrological 
response analysis and watershed parameter evaluation. 
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Fig 1. Research workflow for DEM-based watershed delineation 

and hydrological parameter extraction using QGIS and HEC-
HMS in the Karangnongko Watershed. 

3. RESULT AND DISCUSSION 

3.1. Watershed Delineation Results 

The automatic watershed delineation process using DEM data in 
QGIS successfully generated the watershed boundary, stream 
network, and subbasin configuration of the Karangnongko 
Watershed. The delineated watershed covers an area of 
approximately 9,892 km². The generated drainage network 
follows the terrain morphology represented by the DEM and 
forms a connected river system flowing toward the designated 
watershed outlet. Elevation variation strongly influences runoff 
direction, drainage development, and watershed hydrological 
response. Previous studies have reported that DEM spatial 
resolution significantly affects watershed delineation accuracy 
and the extraction of hydrological parameters, particularly in 
GIS-based hydrological modeling applications [9].  

 

 
Fig. 2. National Digital Elevation Model (DEMNAS) mosaic 
dataset of the Bengawan Solo River Basin used for watershed 

delineation and hydrological analysis. 

Flow accumulation analysis successfully identified the 
primary drainage channels within the watershed area. Areas with 
higher accumulation values corresponded to the main river 
system and represented zones of concentrated surface runoff. The 
delineation process also generated three subbasins representing 
hydrological subdivisions within the watershed system. The 
extracted main stream length was approximately 401.97 km. The 
generated stream network reflects terrain-controlled runoff 
pathways and drainage connectivity throughout the watershed. 
The selected flow accumulation threshold value significantly 
influenced stream density and drainage structure formation. 
Lower threshold values generally produce denser drainage 
networks, whereas higher threshold values simplify stream 
representation. Therefore, appropriate threshold selection is 
essential to maintain realistic watershed morphology and 
hydrological consistency [10]. 

 

 
Fig. 3. Flow direction analysis results derived from DEMNAS 

data using the D8 algorithm in QGIS. 
 

The reliability of watershed delineation was strongly 
influenced by DEM preprocessing procedures, particularly sink 
filling and flow direction correction. Prior to preprocessing, 
several disconnected drainage segments and irregular flow paths 
were identified in the DEM surface. After preprocessing, 
drainage continuity improved significantly, resulting in more 
consistent watershed boundaries and stream connectivity. The use 
of DEMNAS data with an 8 m spatial resolution provided 
relatively detailed terrain representation for identifying watershed 
morphology and drainage patterns within the Karangnongko 
Watershed. Higher-resolution DEM data generally improve the 
accuracy of stream extraction and watershed boundary 
generation, particularly in areas with complex topographic 
conditions. However, inaccuracies in DEM representation may 
still affect stream connectivity and watershed subdivision results. 

 

 
Fig. 4. Delineated watershed boundary of the Karangnongko 
Watershed derived from DEM-based hydrological analysis 

using QGIS. 



N. D. SAFITRI /ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNITY DEVELOPMENT AND EMPOWERMENT. VOL 10 (2026), NO.2 
  

Safitri et al.  https://doi.org/10.29165/ajarcde.v10i2.1053 370

The delineated watershed boundary defines the runoff-
contributing area flowing toward the watershed outlet and serves 
as the basis for hydrological parameter extraction and HEC-HMS 
basin model preparation. The generated subbasins were 
subsequently used as hydrological units for parameter extraction 
and rainfall–runoff simulation. Previous studies have 
demonstrated that DEM preprocessing, particularly sink filling 
and flow correction, plays an important role in improving the 
reliability of watershed delineation and drainage consistency 
[11]. 

3.2. Hydrological Parameter Extraction 

The watershed delineation results were further utilized to extract 
hydrological parameters required for HEC-HMS model 
preparation. The extracted parameters included watershed area, 
basin slope, flow-path characteristics, stream length, and drainage 
connectivity, all derived from spatial analysis. These parameters 
represent the physical watershed characteristics controlling 
runoff generation and hydrological response. The extraction 
process identified spatial variation in watershed morphology 
across the delineated subbasins. The average basin slope from 
DEM analysis was approximately 0.201%, and the longest flow 
path was approximately 263.79 km. Variations in basin slope and 
flow-path characteristics indicate differences in runoff 
concentration and travel time throughout the watershed. Steeper 
slopes generally accelerate surface runoff and reduce infiltration 
opportunities, whereas longer flow paths increase runoff travel 
time and delay peak discharge concentration at the watershed 
outlet. 

 

  
Fig. 5. The delineated watershed boundary of the Karangnongko 

Dam, including the main river network of the Bengawan Solo 
River and the Madiun River. 

 
The extracted hydrological parameters provide essential input 

data for preparing hydrological models. The watershed area 
contributes to runoff accumulation within the drainage system, 
while stream length and basin slope influence runoff travel time 
and flow concentration patterns throughout the watershed. Spatial 
variation in watershed characteristics indicates differences in 
hydrological response among subbasins. Accurate extraction of 
watershed physical parameters is essential for improving the 
consistency of hydrological models and reducing uncertainty in 
rainfall–runoff simulation [12]. The extracted drainage network 
and subbasin configuration were subsequently integrated into the 
HEC-HMS basin model to represent watershed connectivity and 
runoff flow direction between hydrological components. 

. 

 
Fig. 6. Schematic representation of the river drainage network 

and sub-basin delineation derived from Digital Elevation Model 
(DEM)-based analysis. 

 
The basin model structure reflects watershed morphology, 

runoff pathways, and drainage connectivity extracted from spatial 
analysis. GIS-based watershed parameter extraction improves 
efficiency and spatial consistency in HEC-HMS basin model 
preparation compared to conventional manual watershed analysis 
approaches [13]. However, the reliability of extracted 
hydrological parameters remains dependent on DEM quality, 
preprocessing accuracy, and the stream extraction threshold. 
Inaccurate DEM representation may produce unrealistic stream 
connectivity and inconsistent watershed subdivision, potentially 
affecting the reliability of basin models and hydrological 
simulation results. 

3.3. Integration of Delineation Results into HEC-
HMS 

The hydrological parameters derived from watershed delineation 
were subsequently integrated into the HEC-HMS basin model. 
The delineated watershed boundary and subbasin configuration 
were used to define hydrological elements within the model, 
while the extracted stream network established flow connectivity 
between subbasins and outlet components. This integration 
ensured that the basin model represented the terrain-controlled 
drainage system derived from DEM analysis. The developed 
basin model consisted of three subbasins, one reach, and one 
junction arranged according to the drainage hierarchy extracted 
from the watershed delineation results.  

 

 
Fig. 7. The basin model representation, including subbasin 

elements, reaches, junctions, and the outlet within the watershed 
system. 

 
The basin configuration illustrates spatial connectivity and 

runoff pathways within the Karangnongko Watershed. Subbasins 
and reaches were organized according to natural drainage patterns 
to ensure that flow direction and hydrological connectivity 
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reflected actual watershed morphology rather than manual 
interpretation. This approach improved the consistency of basin 
geometry and drainage representation during model preparation. 
The developed basin model was subsequently used to simulate 
rainfall–runoff and analyze hydrological response under various 
rainfall return periods. Simulation results showed that watershed 
morphology, drainage connectivity, and flow-path characteristics 
contributed to runoff concentration and peak discharge 
generation within the watershed. Higher rainfall return periods 
resulted in higher peak discharges and larger runoff volumes, 
indicating increased watershed response under extreme rainfall 
conditions. 

However, model reliability remains influenced by DEM 
resolution, preprocessing quality, and stream threshold selection, 
which may affect basin geometry, drainage connectivity, and 
hydrological response simulation. Despite these limitations, the 
developed approach reduces the limitations associated with 
manual watershed parameter extraction, particularly for large 
watersheds with complex drainage systems. 

3.4. Hydrological Simulation Results 

The rainfall–runoff simulation using HEC-HMS was conducted 
to evaluate the hydrological response of the Karangnongko 
Watershed under various rainfall return periods. The simulation 
used hydrological parameters derived from DEM-based 
watershed delineation, including watershed area, stream length, 
basin slope, flow-path characteristics, and subbasin 
configuration. Rainfall input data from surrounding rainfall 
stations were incorporated into the model to generate flood 
hydrographs and runoff response characteristics for different 
rainfall scenarios. The simulation results indicate that peak 
discharge increased progressively with higher rainfall return 
periods. The simulated peak discharge values obtained from the 
HEC-HMS model were approximately 1425.60 m³/s for the 2-
year return period, 1726.99 m³/s for the 5-year return period, 
1934.03 m³/s for the 10-year return period, 3379.83 m³/s for the 
25-year return period, 3623.09 m³/s for the 50-year return period, 
and 4057.79 m³/s for the 100-year return period. The increase in 
peak discharge reflects greater rainfall intensity and runoff 
concentration generated within the watershed system under 
extreme rainfall conditions.  
 

 
Fig. 8. Simulated flood hydrograph comparison for 2, 5, 10, 25, 

50, and 100 year rainfall return periods in the Karangnongko 
Watershed using HEC-HMS. 

 
The generated flood hydrographs demonstrate temporal 

variations in runoff discharge during rainfall events. Higher 
rainfall intensity produced steeper rising limbs, greater runoff 
volume, and longer flood duration, indicating increased 
watershed response and runoff accumulation toward the 
watershed outlet. The hydrographs also indicate that runoff 

concentration in the Karangnongko Watershed increases with 
increasing rainfall intensity. Subbasins with steeper slopes and 
shorter flow paths contributed to faster runoff movement and a 
shorter time to peak, while longer flow paths tended to delay 
runoff concentration within the watershed. The simulation results 
further demonstrate that integrating DEM-based watershed 
delineation with GIS-derived hydrological parameters can 
support efficient HEC-HMS basin model development and 
rainfall–runoff analysis. The generated basin model successfully 
represented watershed connectivity and runoff flow pathways 
within the Karangnongko Watershed. However, the reliability of 
the simulation results remains dependent on DEM quality, 
watershed delineation accuracy, rainfall input data, and the 
consistency of hydrological parameters.  
 

 
Fig. 9. Simulated flood hydrograph for the 2-year rainfall return 

period generated using the HEC-HMS model in the 
Karangnongko Watershed. 

 
Recent hydrological studies indicate that GIS-based 

watershed delineation and parameter extraction improve spatial 
consistency and efficiency in hydrological modeling applications, 
particularly for rainfall–runoff simulation and watershed 
response analysis [13], [16], [18]. Previous studies have also 
demonstrated that watershed morphology, drainage connectivity, 
basin slope, and flow-path characteristics significantly influence 
runoff generation and peak-discharge responses in hydrological 
simulation models [12]. Furthermore, DEM resolution and the 
selection of the flow accumulation threshold strongly affect 
stream network extraction and the consistency of hydrological 
parameters in DEM-based hydrological analysis [9], [10], [15], 
[17]. The simulation outputs demonstrate that the developed 
HEC-HMS model was capable of representing watershed runoff 
behavior and flood hydrograph characteristics under various 
rainfall scenarios. However, due to the limited availability of 
observed discharge data within the Karangnongko Watershed, 
calibration and validation using observed rainfall–runoff data 
were not conducted in this study. Therefore, the simulation results 
were primarily intended to evaluate watershed hydrological 
responses and flood characteristics rather than predictive model 
accuracy. 

4. CONCLUSION 

This study applied DEM-based automatic watershed delineation 
in QGIS to derive hydrological parameters and develop a basin 
model for the Karangnongko Watershed in Bojonegoro. The 
delineation process successfully generated watershed boundaries, 
stream networks, and subbasin configurations consistent with the 
study area's topographic characteristics. Hydrological 
parameters, including watershed area, main stream length, basin 
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slope, and flow path characteristics, were extracted from DEM-
based spatial analysis and subsequently utilized as input data for 
HEC-HMS basin model development. The resulting basin model 
consisted of 3 subbasins, 1 reach, and 1 junction arranged 
according to the drainage hierarchy derived from the watershed 
delineation results. The results indicate that the accuracy of 
watershed delineation and hydrological parameter extraction is 
strongly influenced by DEM quality, preprocessing procedures, 
and stream threshold selection. Proper DEM preprocessing, 
particularly sink filling and flow direction correction, 
significantly improved drainage continuity and produced more 
reliable watershed representation and stream connectivity. In 
addition, the selected flow accumulation threshold played an 
important role in defining the drainage structure and stream 
network configuration within the watershed system. Overall, the 
integration of GIS-based watershed delineation with HEC-HMS 
modeling provides an efficient and spatially consistent approach 
for hydrological analysis and basin model preparation. This 
method reduces limitations associated with conventional manual 
delineation, improves the efficiency of watershed parameter 
extraction, and supports more reliable hydrological modeling for 
watershed management and flood analysis applications.  A 
limitation of this study is the absence of observed discharge data 
for model calibration and validation. Therefore, the developed 
HEC-HMS model was primarily intended to evaluate watershed 
hydrological responses and basin parameter characteristics rather 
than predictive model accuracy. Future studies are recommended 
to incorporate observed rainfall–runoff data to improve model 
reliability, calibration performance, and hydrological simulation 
accuracy. 
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