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Abstract 
[bookmark: _GoBack]Water is considered as most valuable resource for human existence on the earth and in order to simulate, optimize and distribution of hydrological data for various purposes in different sectors, hydrological models are very convenient to attain this aim for water resources management and as a decision support tools. A hydrologic model is a simplification of a real-world system that aids in understanding, predicting, and managing water resources. Both the flow and quality of water are commonly studied using hydrologic models. In the present study two hydrological models are reviewed and studied in view of their effectiveness and performance in water resource allocation and management in river basins. The first model was considered “The Hydrologic Modelling System (HEC-HMS)”, developed by the Hydrologic Engineering Centre of the U.S. Army Corps of Engineers, which is widely used tool for simulating the precipitation-runoff processes of dendritic watershed systems. Designed to support both natural and engineered hydrologic systems, HEC-HMS is capable of modelling complex rainfall-runoff events and continuous hydrologic processes such as baseflow and snowmelt. The model is versatile and integrates various hydrologic methods for loss estimation, runoff transformation, channel routing, and reservoir modelling. The other model considered in this study was “the Soil and Water Assessment Tool (SWAT)’’ is a comprehensive, semi-distributed, process-based watershed model developed by the USDA to predict the impact of land management practices on water, sediment, and agricultural chemical yields in large and complex watersheds. Designed to operate over long periods and at large spatial scales, SWAT integrates climate, hydrology, soil properties, land use, and management practices to simulate water balance and pollutant transport. The model divides a watershed into multiple sub-basins and hydrologic response units (HRUs), enabling detailed representation of spatial variability in land cover and soil characteristics. SWAT is widely used for evaluating conservation practices, water quality assessments, climate change impacts, and sustainable watershed management strategies.
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1. Introduction 
Hydrological modelling is an essential instrument in planning and management of water resources through simulation and analysis of intricate water systems under diverse climatic, environmental and anthropogenic conditions (Pandi et al., 2021). Modelling process helps to study, analyse and quantification of surface water flows, recharge to groundwater and effect of climate variability, hence enabling planning and allocation of water resources for sustainability. In flood susceptible areas, hydrological models provide early warning systems by forecasting peak discharges and inundation levels, enabling adaptation of necessary management strategies, effective evacuation and infrastructure safeguarding (Mai et al., 2020). In contrast, in areas that experience droughts, it helps in tracking water scarcity patterns and its assessment in order to execute mitigation actions like developing demand based efficient water supply system and flood routing for conserving surface runoff during monsoon period.
Efficient hydrological models must be precise enough to predict the impact of climate change, various weather parameters and urbanization on land-use change, agriculture and other watershed characteristics to ensure the consistent and sustainable development with ecological safety. It facilitates the planning, construction and management of hydraulic structures like dams, canals, reservoirs and irrigation and drainage system on the basis of the predicted long term hydrological trends. Under the threat of climate change, these models may also assist in predicting changes in precipitation, snowmelt and extreme events, which can lead to develop informing adaptive water management plans and strategies, pollution management through monitoring contaminant movement and assessing restoration options for degraded water bodies. In groundwater management, hydrological models predict aquifer depletion, saltwater intrusion and limits on sustainable extraction, providing solution for long-term water security. By integrating socio-economic and environmental information, it also offers a scientific foundation for water governance to balance competing needs against ecosystem protection.  Today when the stress on climate is increasing due to the urban expansion and population increase, hydrological modelling continues to be essential for equitable and resilient water resource planning, execution and management. 
Watershed simulation is also challenged by several factors including scarcity of data and data quality which are some of the most important obstacles. These factors affect the precision and usability and limit model development and calibrations which results higher degree of error and uncertainties in predictions. In addition, model parameterization and calibration also demand added complexity, given that models typically necessitate lengthy procedures in ensuring reliability. Effect of climate change adds complexity in watershed simulation by introducing variability and assessing uncertainty to hydrological systems. Existing hydrological models need to be modified to address the temporal and spatial changes and must be constantly refined and updated with new and genuine data sets. Second difficulty in watershed simulation modelling is the complex interactions between upland and downstream systems. Coupled models are needed to use simulation of surface flow and pollutant transport effectively, but these models typically require intense input datasets and computational power. In addition, uncertainty management is a real problem and most watershed models have been defendant of over parameterization and lack of rigor in handling sources of uncertainty. Fragmentation in the modelling also inhibits agreement on best practices, leading to divergent approaches of standardization. Operational issues like demands for user-friendly interfaces and access to tools further limit the use and application of watershed simulation models by untrained/ unprofessional experts. To overcome these challenges, enhanced data collection methods, enhanced researcher-stakeholder collaboration and model tool improvements are needed to incorporate environmental complexities more effectively. Through overcoming these challenges, watershed simulation can be made a more useful tool for sustainable water resource management.
HEC-HMS (Hydrologic Modelling System) and SWAT (Soil and Water Assessment Tool) are widely applied hydrological models developed for different purposes.  HEC-HMS was developed by the U.S. Army Corps of Engineers', Hydrologic Engineering Centre as a replacement for HEC-1, with development beginning in the 1990s (Sahu et al., 2023).  It is designed to simulate rainfall-runoff processes in dendritic drainage basins and is thus suitable for analysing flood hydrology, urban drainage and reservoir spillway design. The model is excellent for event-based simulation and short-term hydrologic studies, providing excellent accuracy in streamflow prediction under given conditions.  The USDA Agricultural Research Service created SWAT, a continuous-time model intended for long-term watershed simulations.  Originally intended for agricultural water management, SWAT has evolved to address larger issues such as land use alterations and climate effects. It is especially effective in modelling large watersheds with diverse land uses and climates(Aliye et al., 2020; Chathuranika et al., 2022; Prakash et al., 2024). The basic difference among these models lies in their general objectives and uses. HEC-HMS targets rainfall-runoff processes and thus is well-suited for short-term flood predictions and scenarios with sparse data availability.  In contrast, SWAT targets long-term watershed processes like erosion, sediment transport, and nutrient cycling. This renders SWAT more appropriate for investigations requiring comprehensive input data and with high hydrological variability, e.g., mountainous or tropical areas.  Both models suggest competence in streamflow modelling but perform differently based on hydrological conditions.  HEC-HMS often surpasses SWAT in accuracy for event-related scenarios, whereas SWAT performs better in long-term watershed analysis. HEC-HMS is quite effective in short-term rainfall-runoff simulation due to its modularity and versatility in dealing with limited data availability. Since these two models have been widely used by researchers and scientists in various hydrological conditions with remarkable advantages, the main objective to review is to analyse the strengths, weaknesses, advancements and suitability in application of the HEC-HMS and SWAT hydrological models. 
2. Model Frameworks and Methodologies
Model frameworks and methodologies of both the models are structured with creation, assessment and application across different conditions, their suitability in integration with advance tools like including machine learning, business analysis and systems design. Summary of some of the most important frameworks and methodologies across different fields are discussed below.
2.1 HEC-HMS (Hydrologic Modelling System)
HEC-HMS (Hydrologic Modelling System) is designed to simulate the hydrologic cycle by breaking it down into manageable parts. In general, these are precipitation, infiltration and runoff routing. The basin model simulates physical characteristics such as basin areas and river linkages, while the meteorologic model handles rainfall data. Infiltration methods include SCS Curve Number, Green-Ampt, and Deficit-Constant procedures, which estimate losses during precipitation episodes (Aliye et al., 2020; Shekar & Vinay, 2021). Runoff routing is modeled using approaches like Muskingum method, which also models water flow through channels and reaches. The program incorporates these components neatly into its graphical interface, allowing users to calibrate models and evaluate hydrological processes efficiently. Thakur et al., (2017) investigated the runoff modelling and evaluating flood plain inundation map using HEC-RAS and HEC-HMS with integrated hydrologic-hydraulic modelling approach to assess floodplain inundation in the Copper Slough Watershed (CSW), Illinois. The primary objective was to develop a rainfall-runoff model using HEC-HMS and to simulate flood extents with HEC-RAS, incorporating GIS tools (HEC-GeoHMS and HEC-GeoRAS) for spatial analysis. HEC-HMS consist of the SCS Curve Number Method computes direct runoff as a function of land use and soil conditions, whereas the Muskingum Routing Method simulates flow in channels by equilibrating storage and flow rates (Sahu et al., 2023). HEC-HMS applications are commonly used in flood forecasting, urban hydrology analysis, reservoir spillway design and evaluation of water availability. Its adaptability renders it appropriate for both natural and urban watersheds, allowing studies from small drainage networks to extensive watersheds with areas of thousands square kilometres. The overview of HEC-HMS is illustrated in Fig. 1. 

2.2 SWAT (Soil and Water Assessment Tool)
The Soil and Water Assessment Tool (SWAT) is a complex, process-based hydrological model designed to predict the impact of land management practices on water, sediment, and agricultural chemical yields in complex watersheds (Aloui et al., 2023).  The framework divides a watershed into sub-basins, which are then subdivided into Hydrologic Response Units (HRUs) (Savvidou et al., 2018). These are distinct land use, soil, and slope combinations in each sub-basin to allow precise parameterization of hydrological processes.  SWAT integrates meteorological parameters like precipitation, temperature, solar radiation, wind speed, and relative humidity to simulate hydrologic cycles and related processes on various geographical and temporal scales (Ostad-Ali-As, 2022). 
SWAT includes evapotranspiration, sediment transport and nutrient cycling.  Evapotranspiration is modelled based on techniques such as the Penman-Monteith equation for plant transpiration and soil evaporation (Ferreira et al., 2021).  Sediment movement is modeled employing processes such as rainfall-induced erosion and channel routing, enabling consideration of sediment generation at different positions in a watershed(Hamidifar et al., 2024; Pandi et al., 2023). Nutrient cycling refers to the transport and processing of nitrogen and phosphorus within soil, surface runoff, groundwater movement and plant assimilation.  SWAT further includes advanced functionality for chemical transport via tile drainage systems and groundwater flow. Alemayehu et al. (2017) reported the revised version of the Soil and Water Assessment Tool (SWAT-T) to better mimic vegetation growth dynamics in tropical environments, wherein rainfall instead of temperature governs plant phenology. The model to induce new growth cycles dynamically in rainy seasons more in tune with tropical vegetation behaviour. The SWAT-T model was validated in Kenya/Tanzania's Mara Basin and tested against MODIS LAI data, remotely sensing based ET estimates and observed streamflow. Results show improvements of significant magnitude, with simulated LAI correlating strongly (r2 up to 0.94) with satellite observations and improved water balance simulations.  Alemayehu et al. (2017)also suggested that the potential of SWAT-T for use in the tropics particularly to assess land-use and climate change impacts on hydrology and ecosystem processes. The findings highlighted the necessity of region-specific adaptations in ecohydrological modelling to tackle climatic controls on vegetation dynamics.  
Nitrate leaching dynamics in the Hamadan-Bahar watershed of western Iran where intensive agricultural practices were used, SWAT model was investigated by Akhavan et al., (2010). Irrigation module of SWAT to simulate percolation and nitrate transport processes was found better under conditions prevalent in local farms. The process of calibration done through the application of SUFI-2 algorithms showed satisfactory performance for simulating discharge (R² = 0.83, NS = 0.77) as well as simulated crop yield. Findings indicated extensive leaching of nitrates with considerable variations under potato culture (254-361 kg N ha⁻¹ year⁻¹) and accounted for 30-42% applied nitrogen fertilizer. Spatial analysis indicated that 36% of the aquifer area had leaching rates greater than 100 kg N ha⁻¹ year⁻¹ which was well correlated with observed groundwater nitrate concentrations (73% overlap).  These results were found very important and played a significant role in assessment to control Nitrate leaching to reduce the non-point source pollution in watersheds and irrigated commands. Fig. 2 shows the SWAT model's framework schematic.
2.3 Comparative Analysis
Several researchers have reported variations between the HEC-HMS and SWAT models, highlighting differences in spatial and temporal resolution, data requirements, and computational intensity, which dictate their use in particular hydrological applications. Comparative study of HEC-HMS and SWAT models presented in Table 1.

3. Advances in Model Capabilities
HEC-HMS version 4.11 included major additions, such as coupling with HEC-RAS for hydrological and hydraulic coupled modelling (Boitrago et al., 2023; Kencanawati et al., 2023). Improved GIS interfaces enable importing and displaying spatial data better, making model setup and analysis better. Some additional updates involve stochastic storm transposition and updated Basin Map components to improve sub-basin modelling and data presentation. HEC-HMS updates also started to examine machine learning opportunities for probabilistic parameter estimation with the goal of increasing calibration precision. Processing is also under
 development to make simulations faster. 
SWAT plus has a modular design that enables improved routing of water, sediment and nutrients among HRUs, sub-basins and landscape units. This enhancement offers increased flexibility in modeling intricate hydrological processes at more detailed spatial scales. SWAT has been effectively integrated with models such as APEX (Agricultural Policy/Environmental extender) to simulate detailed agricultural management and MODFLOW to integrate groundwater modeling (Taia et al., 2023). Such integrations facilitate overall evaluations of surface-groundwater linkages and effects of agriculture on water quality.
3.1 Emerging Technologies
1) Application of Remote Sensing Data: HEC-HMS is now capable of including satellite-based precipitation data (such as TRMM or GPM) to enhance the accuracy of rainfall input in data-poor areas.
2) Applications of AI/ML for SWAT Calibration: 
Artificial intelligence and machine learning algorithms, including neural networks and genetic algorithms, are being more commonly employed to perform parameter calibration in SWAT models automatically. They minimize computing time but enhance the accuracy of models.
These innovations reflect the increasing complexity of hydrological models in solving intricate water resource problems through greater computational power, merging with new technologies, and better spatial and temporal resolutions.
4. Applications of HEC-HMS and SWAT models in Hydrological modeling
HEC-HMS and SWAT models widely used for watershed management due to their robust hydrological modeling capabilities. 
4.1 Case Studies of HEC-HMS 
Flood Risk Evaluation in Urban Basins and Dam Break Analysis
HEC-HMS has been widely used for flood risk evaluation in urbanized basins where impervious surfaces enhance runoff and augment flood hazards. A good example is the highly urbanized city of Dubai, UAE, where HEC-HMS was coupled with GIS and remote sensing software to simulate flood-risk areas. Sub-basins such as Deira, Nief, and Jumeirah were delineated as high-risk areas due to their high impervious areas and poorly designed stormwater networks. The model effectively predicted peak discharge and runoff volumes during heavy rainfall events, which are important inputs for urban flood management and infrastructure planning. The study demonstrated the applicability of HEC-HMS in fast-growing urban areas that are flash flood-prone (Khan et al., 2024a). In Romania's Gilort watershed, HEC-HMS was utilized to model rainfall-runoff mechanisms for flood risk management. The model exhibited excellent accuracy in the replication of observed stream flow was confirmed by statistical measures such as Nash-Sutcliffe Efficiency (NSE = 0.908) and Kling-Gupta Efficiency (KGE = 0.901). In this application, the significance of hydrological modeling in preparing Flood Risk Management Plans, encompassing prevention, protection, and early warning systems for vulnerable watersheds was highlighted (Herbei et al., 2024)
Real-Time Forecasting Systems
HEC-HMS has been incorporated into real-time forecasting systems to facilitate disaster preparedness. For instance, in the Khazir River Basin (Northern Iraq), the model was linked with HEC-RAS to simulate dam break events and downstream flooding effects. This incorporation enabled real-time prediction of flood areas and hydrographs, which assisted emergency response teams in minimizing potential damages (AL-Hussein et al., 2022). The capability of HEC-HMS to handle real-time precipitation data from satellite sources further enhances its position in operational flood forecasting systems.
4.2 Case Studies of SWAT 
Agricultural BMPs Assessment
SWAT has been extensively applied to assess Best Management Practices (BMPs) for water quality improvement in agricultural watersheds (Uniyal et al., 2020). For example, in the Mississippi River Basin, SWAT was used to evaluate the impact of conservation practices such as buffer strips, cover crops, and reduced tillage on the reduction of nutrient loading. The model estimated reductions in nitrogen and phosphorus runoff and showed the effectiveness of Best Management Practices (BMPs) in reducing non-point source pollution and enhancing downstream water quality.
SWAT was also used in Ethiopia's Guder catchment to assess soil erosion control practices like terracing and afforestation (Guder & Kabeta, 2025). The model predicted reductions in sediment yields under varied BMP scenarios and offered actionable recommendations for sustainable land management practices.
Climate Change Effects Research on Streamflow/Sediment Runoff
SWAT has been widely employed to examine the effects of climate change on hydrology and sediment transport. In a recent investigation of India's Godavari River Basin, SWAT modeled future streamflow under multiple climate scenarios (RCP 4.5 and RCP 8.5) (Reddy et al., 2023). The findings suggested dramatic seasonal changes in flow behaviour, with more sediment yield during monsoon seasons as a result of more vigorous rainfall events. Similarly, a Mekong River Basin study employed SWAT to evaluate sediment dynamics under future land-use change and climate variability (Sam & Khoi, 2022). The model indicated that deforestation and high precipitation events could result in significant sediment load increases, endangering aquatic ecosystems and reservoir capacity.
4.3 Synergistic Application of Both Models
The integration of HEC-HMS and SWAT takes advantage of their individual strengths for holistic watershed management. SWAT's ability to perform long-term simulations is complemented by HEC-HMS's expertise in event-based modeling.
Integrated Watershed Management in India
In a research work done on India's Krishna River Basin, SWAT was utilized to model long-term hydrological trends associated with land-use alterations and climate variability (Sowjanya et al., 2022). At the same time, HEC-HMS was utilized for short-term flood forecasting during intense rainfall events. The two-model strategy gave an integrated overview of both chronic (e.g., sedimentation) and acute (e.g., flash floods) water resource issues.
Urban Flood Management in Dubai
Dubai's watershed management of urban areas was enhanced by the merging of these two models (Khan et al., 2024b). SWAT modeled long-term trends of runoff due to urbanization and land use change, while HEC-HMS concentrated on event-scale flood modeling under heavy storm conditions. Both models together advised upgrades in infrastructure such as enhanced stormwater networks and green infrastructure installation.
5. Challenges and Limitations in Hydrological Modeling
Hydrological models such as HEC-HMS and SWAT are commonly applied to simulate watershed processes, but they have various challenges and limitations. These challenges stem from data availability, model complexity, computational requirements, and built-in assumptions in their formulation.
5.1 HEC-HMS Challenges and Limitations
1) HEC-HMS demands meteorological (e.g., precipitation, evapotranspiration), hydrological (e.g., streamflow), and geospatial information (e.g., DEM, soil, land use). Where there are limited rain gauge or hydrometric stations, the accuracy of the model is affected. For instance, in the Beht watershed in Morocco, the low density of rain gauge stations (only three) resulted in difficulty in representing spatio-temporal precipitation heterogeneity, which influenced runoff predictions.
2) The precision of HEC-HMS is strongly influenced by parameters like initial abstraction, curve number (CN), and baseflow coefficients. They are calibration-sensitive and can produce large errors if not properly optimized. For example, in the Beht watershed research, initial abstraction and CN were found to be the most sensitive parameters to be adjusted cautiously during calibration.
3) HEC-HMS applies conceptual techniques such as the Clark Unit Hydrograph for runoff transformation and the Muskingum technique for channel routing. Although efficient for event simulations, these techniques are not able to represent complex interactions between subsurface and surface flows or long-term hydrologic processes.
4) Even though HEC-HMS is computationally effective for small and medium watersheds, its performance reduces when it is applied to large basins or with high-resolution data for continuous simulations.
5) Though the latest versions of HEC-HMS accommodate real-time forecasting systems, the integration of real-time data sources (e.g., satellite precipitation) is still problematic in areas where there is poor technological infrastructure.
5.2 SWAT Challenges and Limitations
1) SWAT requires large input data like land use/land cover (LULC), soil parameters, slope data (DEM), weather parameters (precipitation, temperature, wind speed) and management. In regions where data are limited, this need represents a major constraint. For instance, research in tropical watersheds has identified challenges in acquiring sufficient soil and LULC datasets for the delineation of HRUs. 
2) SWAT has many hydrological, sediment transport, nutrient cycling and crop growth parameters that need to be calibrated. Calibration is therefore time-consuming and computationally demanding. Parameter uncertainty can also cause errors in streamflow or sediment yield prediction.
3) The groundwater representation in SWAT is quite simplistic in comparison to specific groundwater models such as MODFLOW. This restricts its capacity to simulate sophisticated surface-groundwater interactions accurately.
4) Since SWAT runs at high spatial resolutions (HRUs), it consumes high computational resources when performing large-scale or long-term simulations. This can become a bottleneck in executing scenarios related to climate change or land-use changes.
5) SWAT assumes homogeneous conditions within HRUs for land use, slope, and soil type. This may be an oversimplification of spatial variability within large watersheds.
5.3 Emerging Challenges Common to Both Models
1) Although both models have achieved progress in the incorporation of GIS tools and remote sensing data (e.g., satellite-estimated precipitation), more innovation is necessary to smoothly integrate real-time data streams or high-resolution datasets without excessively inflating computational expenses.
2) It is problematic to predict hydrological responses for future climates because of uncertainties involved in climate model outputs (e.g., GCMs). Both HEC-HMS and SWAT need precise climate inputs for credible simulations.
3) HEC-HMS is good at event-based simulation but not at long-term continuous modeling because it over simplifies hydrological processes. On the other hand, SWAT can handle continuous simulations well but not short-term flood events because it is computationally intensive.
4) Both models demand a lot of expertise to set up, calibrate, and interpret results. Misuse or misinterpretation can result in erroneous conclusions.
6. Future Directions
6.1 Integration with New Technologies
Remote Sensing: Satellite data (e.g., TRMM, GPM) application increases model inputs, particularly in data-deficient regions. Integration of real-time data on a continuous basis can enhance precision in forecasting.
AI/ML: Applications such as neural networks and genetic algorithms assist with parameter calibration, minimize computation time, and improve model precision.
6.2 Enhanced Computational Efficiency
Parallel Processing/Cloud Computing: It decreases simulation time for large or high-resolution models.
Modular Frameworks: SWAT+ supports flexible modeling. More modularization of the models will enhance responsiveness.
6.3 Expanded Applications
Coupled Modeling: Integrating SWAT with MODFLOW or HEC-HMS with HEC-RAS improves surface-groundwater and flood analysis.
Climate Change Adaptation: Improved integration of downscaled climate data (e.g., RCPs) will enhance extreme event prediction.
6.4 Model Comparison and Synergy
Comparative Use: SWAT is superior for long-term sediment/nutrient modeling; HEC-HMS is better for event-based flood forecasting.
Combined Use: Utilizing both models provides a holistic approach to addressing short- and long-term watershed issues.
6.5 Limitations
Data Scarcity: Adding remote sensing and regional parameters can enhance usability in developing areas.
Uncertainty Management: Use of Bayesian approaches and ensemble modeling can minimize calibration/validation uncertainty.
Conclusion
Hydrological models such as SWAT and HEC-HMS are crucial for hydrological modelling in watershed and water resource management. SWAT is appropriate for long-term land-use, water quality, and sediment transport simulations, whereas HEC-HMS is the best in short-term flood prediction. Both models also have few limitations where SWAT requires large data sets, HEC-HMS is challenged with large-scale modeling. Improved remote sensing and AI/ML may augment the accuracy, efficacy and efficiency of the models. The future directions are real-time data integration through AI and tools such as MODFLOW for more precise prediction of watershed and groundwater modeling with less uncertainty and errors. A combined application of SWAT and HEC-HMS may result a balanced well developed watershed management plan with better execution strategies, handling both long-term trends and short-term events. 
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Table 1: Comparison of HEC-HMS and SWAT models 
	Characteristics
	HEC-HMS
	SWAT
	Reference

	Spatial Resolution
	Sub-basin-based structure with simpler spatial representation, suitable for event-based simulations
	Divides watersheds into sub-basins and HRUs, offering fine-scale spatial representation of land use, soil, and slope combinations
	(Darji et al., 2022; Sempewo et al., 2023)
	Temporal Resolution
	Best suited for short-term event-based simulations like flood forecasting or storm events
	Designed for long-term continuous simulations, ideal for assessing land-use change and water quality over time
	(Sempewo et al., 2023)
	Key Processes Modeled
	Focuses on rainfall-runoff processes with simpler hydrological process representation
	Includes sediment transport, nutrient cycling, pollutant transport, and agricultural practices
	(Chathuranika et al., 2022)
	Data Requirements
	Requires fewer input datasets, primarily precipitation and streamflow data for calibration
	Requires extensive data inputs, including land use/land cover (LULC), soil properties, topography (DEM), and detailed weather data
	(Beza & Moshe, 2025)
	Performance
	Outperforms SWAT in short-term event-based simulations like floods due to its focus on rainfall-runoff processes
	Performs well in continuous modeling but less accurate in short-term event simulations compared to HEC-HMS
	(González et al., 2022; Ostad-Ali-As, 2022)
	Application
	Suitable for flood forecasting, stormwater management, and event-based hydrological studies
	Ideal for long-term studies such as land-use change impacts, water quality assessments, and climate change studies
	(Adhikari, 2020; Taia et al., 2023)
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Fig. 1 overview of HEC-HMS (Bakir & Xingnan, 2008)
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Fig. 2 Process of SWAT model (Da Silva et al., 2018)
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