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ABSTRACT
	Efficient water resources management requires a comprehensive understanding of the hydrological cycle and its response to both natural and anthropogenic influences. The Hydrologic Engineering Center–Hydrologic Modeling System (HEC-HMS) has emerged as a versatile and widely adopted tool for simulating rainfall–runoff processes across diverse hydrological and climatic conditions. This study presents a detailed review and application of the HEC-HMS model integrated with GIS and remote sensing techniques for evaluating watershed hydrological parameters, including runoff depth, rainfall–runoff relationships, and peak discharge estimation. The model’s performance, validated through numerous global and regional studies, demonstrates its reliability and adaptability for both event-based and continuous simulations. Studies show that loss methods such as the SCS-CN and Green-Ampt are most effective for event-based modeling, while the Soil Moisture Accounting (SMA) method is preferred for continuous simulations. Sensitivity analyses highlight curve number, infiltration rate, lag time, and base flow as key parameters influencing model efficiency. Integration with geospatial tools enhances parameter extraction and spatial representation, enabling better analysis of watershed behaviour in both gauged and ungauged basins. Overall, HEC-HMS proves to be an effective, flexible, and robust model suitable for applications in flood forecasting, watershed management, groundwater recharge studies, and sustainable water resource planning. In numerous studies, the HEC-HMS rainfall–runoff model has proven to be reliable and effective in estimating runoff with high precision across different river basins. Consequently, this model can be applied to simulate runoff in ungauged watersheds, supporting water resource assessment, planning, management, and informed decision-making. The review concludes that careful calibration, appropriate model selection, and data integration significantly enhance hydrological prediction accuracy, making HEC-HMS a reliable framework for future hydrological modeling and water management studies.
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INTRODUCTION
	Water Resources Management is an important and integrated approach that includes all of the hydrological components and their linkages with one another. It is very important to understand and quantify the hydrological components for the efficient planning and management of the water resources. Human modifications such as land cover change, irrigation, etc., bring extreme changes to the hydrological variations. The water and energy fluxes of the earth system are integrated through the hydrological cycle, and in turn, it affects the fluxes of the system. Hence, the land-use/land-cover (LULC) changes have a great role in influencing the hydrological cycle. Over the past several years, remote sensing data have had an active part in mapping the LULC changes in various parts of India.
The Hydrologic Engineering Center’s Hydrologic Modeling System (HEC-HMS) is one of the most widely used rainfall–runoff simulation models developed by the U.S. Army Corps of Engineers. It is designed to simulate the complete hydrologic cycle of a watershed, including precipitation, infiltration, surface runoff, channel routing, and base flow processes. The model is highly versatile and applicable to a wide range of hydrological problems such as flood forecasting, reservoir inflow estimation, storm water management, groundwater recharge studies, and watershed-scale water resource planning. The Hydrologic Engineering Center's Hydrologic Modeling System (HEC-HMS) is a physical-based model that has several distinct advantages over other hydrological models, particularly in its applicability to varied hydrological problems and its adaptability to different environmental settings. Below are the key strengths of the HEC-HMS model that are highlighted in this study:
Surface runoff estimation is a common analyses in hydrology and due to the fact that measuring all parameters that bring about a watershed runoff is not possible, making use of a model that has a simple structure, minimum input data requirements, suitable for determination of such hydrological parameters and has a judicious precision is important. This means that estimating hydrological outputs especially for locations that do not have can be better carried out at any point in time due to the availability of such models. Hydrologic Engineering Center-Hydrologic Modelling System (HEC-HMS) is one of the models that meet these criteria. It has been widely used in different studies and at different times. Majidi and Shahedi (2012) used HEC-HMS in estimating surface runoff in the Abnama watershed in Iran and this was based on the rate-received precipitation and quantifying discharge at outlet. They used different methods like Green-Ampt, SCS Unit hydrograph and Muskingum routing for the estimation process. Hadi et al (2012) used another approach that involved the use of HEC-HMS and Hydrologic Engineering Center-River Analysis System (HEC-RAS) models to simulate runoff in Karun River, Iran. The modelling process offered in their study includes the use of some of the recently developed GIS tools for map production. Reshma T. et al (2013) carried out the simulation of an even based runoff using HEC-HMS model and the Walnut Gulch watershed located in Arizona, USA, was the case study. Computation of infiltration, rainfall excess conversion to runoff and flow routing were carried out and according to their work, the model performed satisfactorily and provided reliable results. In Ghana, Twumasi et al., (2015) simulated Flood Volume of Dikpe Catchment using HEC-HMS. Results obtained were compared with the result gotten from direct computation of the precipitation volume and this provided satisfactory results. Olayinka and Irivbogbe (2017) used HEC-HMS and HEC-RAS in modelling and mapping flood vulnerable areas and the results obtained and validation carried out were very satisfactory. From the above studies, it shows that the HEC-HMS model is an effective tool that can be used for the precise simulation of the hydrology outputs of watersheds. This present study focuses on the use of HEC-HMS and GIS in the determination of hydrological parameters and the estimation of hydrological outputs such as rainfall runoff, runoff depth and peak discharges within the study area for different years.

HEC-HMS model
	Alemu et al., (2023) the study evaluated the performance of four semi-distributed hydrological models—SWAT, HEC-HMS, HBV, and PED—for simulating runoff in the Borkena watershed. Using daily data, the models were calibrated (1999–2009) and validated (2010–2015). Performance indicators (NSE, R², PBIAS, and RMSE) showed that SWAT performed best, followed by HEC-HMS, while HBV and PED ranked third and fourth. The results indicate that infiltration-excess models (SWAT and HEC-HMS) simulated runoff more accurately than saturation-excess models (HBV and PED), suggesting that the Borkena watershed behaves as an infiltration-excess catchment.
Abed et al., (2005) modeled the Zarqa river basin in north of Jorden Valley using HEC-HMS and SWBM model. They compared the results from both the models and carried out the sensitivity for the parameters used in HEC-HMS. They found the imperviousness, curve number and base flow had strong effect on output except other parameters and HEC-HMS gave better result than SWBM model.
Abood et al., (2012) used the hydrological model (HEC-HMS) to evaluate the performance of the Kenyir catchment and Berang catchment in simulating the rainfall-runoff using two different infiltration methods for estimating infiltration parameters (abstraction losses, rainfall). These methods included the SCS Curve Number method and the Green and Ampt method. Statistical analysis functions adopted for evaluation of model were the coefficient of determination (R2), mean square error (MSE), and mean absolute percentage error (MAPE). HEC-HMS was also adopted for finding the accuracy of simulations. The results of simulation using SCS Curve Number method made mistake output of 6.5% and 8.2% for Bernng, Kenyir catchments along with which die errors of Green and Ampt method was 9.13% and 11.11% respectively. It was thus concluded that the output of the program was in agreement with the historical record of data and findings suggested that the use of the SCS curve number infiltration method for the humid catchment was due to its low error in simulation output.
Alaghamand et al., (2011) studied the evaluation of different sets of calibrated data to perform validation using HEC-HMS 3.1.0 for the Sungai Kayu Ara river basin, which is located in the western part of Kuala Lumpur, Malaysia. In the research, percent impervious, lag time, and peaking coefficient was taken as the calibrated parameters. Mean, median, and mode were calculated for selecting the best set among those values. The results showed that R² values for mean, median, and mode were values under acceptable range for validation.
Ali et al., (2011) used the HEC-HMS to quantify the effects of land-use changes on the storm-runoff generation in the Lai Nullah basin. The model was calibrated and validated for the five storm events and the results showed good consistency between the simulated and observed hydrograph with Nash Sutcliffe efficiency ranging from 76% to 98% at the outlet of the basin. The future land use scenario was forecasted based on Islamabad Master Plan and growth pattern. The calibrated HEC-HMS model was applied for predicting the impact of future land use on the storm-runoff generation. The anticipated results of the master plan for land use in the future showed increased runoff between 51.6% and 100% as well as peak discharge showed an increase from 45.4% to 83.3%. The results provided very useful information for land use planning and management and also the application of the method used for future land use impact studies.
Anderson et al. (2002) used HEC-HMS watershed model for runoff prediction. The process can be automated, yielding a valuable tool for reservoir management. The methodology was demonstrated for a 48-h forecast period in January 1999 in the Calaveras watershed in Northern California. The HEC-HMS model was calibrated by means of point gauge precipitation data. The timing and magnitude of the forecast peak in the runoff hydrograph were underestimated when the point gauge calibrated HEC-HMS model was driven by spatially distributed MM5 rainfall forecasts. However, when the point gauge calibrated HEC-HMS used point gauge rainfall for the same storm, the magnitude and timing of the peak runoff were matched. This would indicate that it is necessary to calibrate the HEC-HMS model with spatially distributed rainfall when using the model in the forecasting framework. Improved accuracy in terms of matching the timing and magnitude of the peak inflow and total volume of runoff would provide more information to reservoir operators for flood control releases. Initial results indicated that: (i).Model parameterization choice in MM5 was necessary to refine the precipitation forecasts; (ii).The method could show promise for generating 48-h-ahead forecasts of reservoir inflows and (iii). Calibration of the HEC-HMS model with distributed precipitation was necessary for this methodology.
Arekhi (2012) used HEC-HMS model to compare the results of Green and Ampt, initial and constant loss rate and deficit and constant loss methods for estimation of runoff losses. He considered percent error in peaks and volumes objective functions for selection of the best method. Results showed for six events. In Initial and constant loss rate method, four events fitted with percent error in peak and five events fitted with percent error in volume. And in Green and Ampt method, three events fitted with percent error in peak and in one event fitted with percent error in volume. The Initial and constant loss rate method had better results than Green and Ampt method. In deficit and constant loss rate method, three events fitted with percent error in volume and in two events fitted with percent error in peak. It had less changes rather than Green and Ampt method. For two objective functions, initial and constant loss rate method had less changes percent of simulated to observed discharges and it selected as optimum method for simulation of surface runoff . Green and Ampt and constant loss rate methods took place in next preferences.
Asadi and Boustani (2013) conducted research on the Delibajak basin in Kohgoilpuye and Boyerahmad, Iran. It was first considered as a lumped and then divided into sub-basins in which rainfall-runoff model was created for both the cases using HEC-HMS model separately, whose result was then compared for both cases. The SCS-CN method was taken as a loss method. Calibration and validation were performed for both the models and it was found that the semi-distributed model showed better results.
Bhadra et al., (2009) developed and tested two continuous rainfall–runoff models for the Kangsabati catchment: a semi-distributed SCS-CN model and an empirical ANN model with a user-friendly GUI. GIS techniques were used for efficient parameter extraction in the SCS-CN model, while the ANN model was trained with rainfall data from five stations. Validation showed that the ANN model outperformed the SCS-CN model due to its ability to capture complex rainfall–runoff relationships, though the SCS-CN results could improve with more rain-gauge data.
Bhuiyan et al., (2016) performed an assessment for the applicability of using RADARSAT-2 (Satellite) derived soil moisture data in the HEC-HMS model for forecasting the sturgeon creek watershed in Manitoba, Canada. The findings concluded that as the spring flooding in Manitoba is generally influenced by both winter precipitation and soil moisture conditions in the fall of the previous year, soil moisture accounting and temperature index algorithm were used in the simulation. The model provided suitable results for flood forecasting in Manitoba basin.
Chatterjee et al., (2014) stated that the rate of infiltration and percent of impervious area are the two sensitive parameters for the simulation of stream flow using HEC-HMS. The study advocated that the Nash-Sutcliffe model efficiency criterion of percentage error in volume, percentage error in peak, and net difference of observed and predicted time to peak were used for performance evaluation. The model established good performance, with the above-mentioned performance indices for simulation of stream flow.
Chu and Steinman (2009) discussed the application of joint event and continuous hydrologic modeling with the HEC-HMS to the Mona Lake watershed in West Michigan. Four rainfall events were selected specially for calibration and verification of event model and identified the model parameters. The calibrated parameters were used in the continuous hydrograph model. The SCS-CN and SMA methods in HEC-HMS were used for simulating surface runoff in the event and continuous models, respectively, and the relationship between the two rainfall-runoff models was analyzed. The model output suggest that the fine scale event hydrological modeling, support by intensive field data, was found useful for improving the coarse- scale continuous modeling by providing more accurate and well-calibrated parameters.
Chathuranika, et al., (2022) study compared SWAT and HEC-HMS for stream flow simulation in the Huai Bang Sai watershed, Thailand (calibration: 2007–2010; validation: 2011–2014). SWAT captured high flows more accurately, while HEC-HMS simulated medium flows better; both models accurately reproduced low flows. Seasonal flows were reasonably simulated by SWAT with slight under-predictions, whereas HEC-HMS under-predicted dry and wet seasonal flows more noticeably. The findings assist stakeholders in improving water management and selecting suitable hydrological models for humid tropical watersheds.
Clay et al. (2005) used HEC-HMS for rainfall-runoff simulation to evaluate the effectiveness of storm water detention basins in Valley Creek watershed, Chester Country. They had used the model in accessing the effects of alternate management practices in the watershed. They concluded that a runoff volume based plan was the most effective means of attenuating watershed peak flow rates.
Darji et al., (2019) set a rainfall-runoff model for Machhu River basin Gujrat using HEC-HMS model. This 40-year rainfall date was taken to estimate runoff and was correlated with the observed runoff data. The findings showed that the coefficient of determination (R2) value was 0.89, pointing to be a good prediction value. Basin model was created using HEC-GeoHMS tool in ArcGIS® software. HEC-DSS application was used to analyse the result.
Halwatura et al., (2013) made an attempt to set a rainfall-runoff model for Attangaluoya river basin Sri Lanka using HEC-HMS model. The study made a comparison of different transforms and loss method and found that the combination of Snyder unit hydrograph method as a transform method and the deficit and constant method as a loss method gave more reliable results for Attangaluoya river basin.
Hammouri and Naqa (2007) modeled the rainfall-runoff process using HEC- HMS and GIS in a selected ungauged basin for the purpose of groundwater artificial recharge at Zarqa catchment, Jordan. Two model runs were carried out using precipitation data of the Intensity-Duration-Frequency (IDF) curves for 10 years and 50 years return periods. The total direct runoff volume and the peak discharge for 10 years return period were estimated to be 151,000 m3 and 5.43 m3/s respectively and for 50 years return period, it was 280,000 m3 and 12.77 m3/s, respectively. The model was optimized against observed runoff data measured during a storm event that occurred between 2nd and the 4th of April, 2006. This calibration was performed by applying different curve numbers in the simulated model. The flow comparison graph for calibrated model fits well with the observed runoff data with a peak-weighted root mean square error (RMSE) of less than 2 percent.
Hatiye et al., (2021) the study compared the HEC-HMS and SWAT hydrological models for stream flow simulation and uncertainty analysis in the Bilate and Gidabo watersheds. Parameters were calibrated and validated, with uncertainty assessed using MCMC for HEC-HMS and SUFI-2 for SWAT. The most sensitive parameters were constant loss rate (CR) and lag time (LT) for HEC-HMS, and ALPHA_BF and CN₂ for SWAT. Both models simulated watershed hydrology satisfactorily, but HEC-HMS demonstrated superior performance in stream flow prediction. The results provide guidance for selecting appropriate hydrological models and managing uncertainty in watershed modeling.
Herbei et al., (2024) developed a hydrological model for the Gilort watershed, Romania, using HEC-GeoHMS with daily precipitation and DEM data. Model performance was evaluated with multiple statistical indicators, showing strong agreement between simulated and observed flows. High efficiency values (NSE = 0.908, KGE = 0.901, Dv = 6.40%) confirmed the model’s accuracy and reliability, demonstrating its effectiveness for runoff simulation in the watershed.
Kumar and Bhattacharya (2011) simulated the rainfall-runoff process using HEC-HMS (with both distributed and lumped modeling), remote sensing, and GIS techniques for estimating infiltration parameters in the Ranganadi river basin of North-eastern India. The required precipitation and stream flow data were collected for 3 years (2005-2008) together with topographic maps and DEM of the study area. The input file for the proposed hydrologic models was prepared using remote sensing and GIS techniques. For simulating stream, flowed by the HEC-HMS model, SCS unit hydrograph transform method was used to compute direct surface runoff hydrograph, SCS curve number loss method was used to compute runoff volumes and the constant monthly method was used for base flow separation. Lumped and distributed modeling was simulated and validated using the rainfall stream flow data of May 2006 - May 2007, and rainfall-stream flow data of 2008 respectively. Finally, the performance of the HEC-HMS model was assessed using various statistical and graphical indicators. The findings showed that HEC-HMS distributed approach simulated daily stream flow better than the lumped simulated parameters and for simulating daily stream flow in the Ranganadi river basin of Northeastern India.
Majidi and Shahedi (2012) simulated the rainfall-runoff process using HEC- HMS hydrological model version 3.4 in Abnama watershed located in south of Iran. Rainfall-runoff simulation was con-ducted with five events. The model validation with optimized lag time values showed 9.1% difference between the observed and simulated discharges and their coefficient of determination was 0.86. The results showed that the lag time was sensitive parameter. Finally it was concluded that model can be used with reasonable approximation in hydrologic simulation in Abnama watershed.
Oleyblo et al., (2010) made a model forecast the flood in Misia and Wan'an catchment, China using the HEC-HMS model. HEC-GeoHMS tool in combination with ArcView was used to make basin model, the initial and constant method was employed to model infiltration loss and SCS unit hydrograph was employed to model the transformation of precipitation excess into direct surface runoff. The experimental recession model was employed to model base flow, the Muskinghum routing model was used to model reaches. The trial and error method was employed for adjusting parameters to calibrate the model manually. The model was also auto-calibrated to authenticate the acceptability and suitability of the parameter values. The findings revealed that percentage error in the peak and volume was employed during the optimization process and was found satisfactory.
Parag (2008) used HEC-HMS model for rainfall–runoff modeling for Maheshgad watershed of 45.03 ha in semi-arid region of Maharashtra with sub-basins named as W1, W2, W3 and W4. The hydrological event recorded on 27th July 1998 was considered for rainfall-runoff simulation. The model was calibrated manually for two parameters such as initial loss (14 to 24 mm) and constant rate of infiltration (1.0 to 4.2 mm/hr) for the given watershed. Result of the study indicated better agreement between calibrated and observed runoff hydrographs for all sub-watersheds for their peak rate, its timing of occurrence and lag time.
Paudel et al., (2009) developed modified Clark (Mod Clark) method or quasi- distributed model for HEC-HMS. The Mod Clark method was initially developed to use the national network of WSR-88D radar (NEXRAD) rainfall data in specific format. This study explored the possibility of using any real or synthetic rainfall data whether it is spatially distributed or not.
Prakash et al., (2024) the study evaluated SWAT and HEC-HMS for simulating stream flow in the Kabini Basin, Kerala, India (1260 km²) using daily data from 1997–2015. Different routing methods in ArcSWAT (Muskingum and Variable Storage) were tested. HEC-HMS outperformed SWAT in daily calibration and validation (NSE, R²), while monthly simulations showed HEC-HMS closely matched SWAT with Variable Storage but exceeded Muskingum routing. The PPTS approach effectively captured high-flow events. Both models proved capable for stream flow analysis and have predictive potential for hydrology in sub-humid regions.
Putty and Prasad (2000) presented the result of lumped parameters conceptual watershed model SAHYADRI to understand the catchment response and the relative importance of different runoff process in Western Ghat region in South India. The model is a modified version of variable source area model, developed by Moore (1985). A lumped parameter model simulating saturated source area runoff, lateral flow through pipes and the saturated zone ground water flow, has been developed assuming that source area runoff is the only quick flow component. The model has been calibrated on seven catchments using sufficient long records of daily data. A wide range of tests showed the reliable performance of model. The groundwater flow forms a dominant component of runoff and the catchments response is strongly dependent on the rainfall magnitude. Two major implications of study are that (i) Flow through pipes from dynamic subsurface saturated zones may contribute substantial quantities of quick flow, and (ii) Field work necessary for further research must concentrate on pipe flow responses and the influence of rainfall on the nature of pipe nets. A modified model incorporating quick flow through is now under development.
Rathod et al., (2015) created a continuous lumped hydrological model for estimating runoff for different rainfall events in three sub-basins of the Tapi river. The study used Green-Ampt method as a loss method and compared the SCS unit hydrograph and Snyder unit hydrograph method as a transform method. The findings accentuated that the SCS unit hydrograph method gave better results. It was also determined in the sensitivity analysis that the lag time and suction head are the most sensitive parameters whereas imperviousness was the least sensitive parameter.
Roy et al., (2013) calibrated and validated the HEC-HMS model with the Soil Moisture Accounting (SMA) algorithm for the Subarnarekha River Basin in Eastern India to predict hydrologic response. Sensitive parameters identified were soil storage, tension zone storage, and groundwater storage coefficient. Model performance, evaluated using Nash–Sutcliffe efficiency (0.72–0.84), percentage errors, and time-to-peak differences, showed good agreement with observed stream flow. The study also highlighted that using semi-annual parameter sets improved accuracy, suggesting the model’s applicability to other similar basins.
Sahu et al., (2023) presented a review of hydrological models with a focus on HEC-HMS and its loss methods—SCS-CN, SMA, Green-Ampt, and Deficit & Constant. The study found HEC-HMS to be highly feasible, especially for dendritic watershed drainage patterns. Among the methods, SCS-CN is most suited for event-based modeling, SMA for continuous modeling, while the D.C. method, though less used, is simple and accurate. The review provides guidance for modelers, water managers, and policymakers in selecting appropriate models for catchment-specific problems and supporting sustainable water resource management.
Sampath et al., (2015) used a hydrological modeling system HEC-HMS 3.0.1 to estimate runoff in the Deduru Oya river. Long-time daily rainfall data in several rain gauge stations, land use, and soil data in the river basin were selected. Five-layer soil moisture accounting loss method, Clark unit hydrograph transformation method, and base flow of recession method of the HEC-HMS model were used for performing the study. The results depicted that the capability of HEC-HIMS to repeat stream flows in the basin with high accuracy with computed averaged by using Nash Sutcliffe efficiency was 0.80. In the Deduru Oya river basin, the model developed is a tool for water management.
Sardoii et al., (2012) compared the different methods i.e. initial and constant, Green and Ampt, SCS curve number with regard to various purpose functions (percent error in peak, peak-weighted root mean square) in HEC-HMS model. Results of simulation of seven events were compared with observed hydrographs. Based on each objective function, the method gave preference as compared to other methods. Finally, result showed that for two objective functions, Green and Ampt, SCS and initial and constant method placed in first to three preferences, respectively. So, Green and Ampt method was suggested for use in similar area and conditions.
Singh and Jain (2015) performed continuous hydrological modeling for Vamsadhara River Basin using the SMA method in HEC-HMS to model streamflow. Firstly, the basin was divided into sub-basins based on topography and land use. The SMA algorithm was calibrated using data from 1984 to 1989 and was validated from 1990 to 1993 for the continuous time scale. The performance of the model during calibration was good to very good (with R² value of 0.71, Nash-Sutcliffe Efficiency (NSE) 0.701, percentage error in volume (PEV) 2.64% percent error in peak (PEP) 0.21% and index of agreement 0.94). Similarly, the performance during validation also ranged from good to very good (R2-0.78, FFF 0.762, PEV - 12.33%, PEP. -15. 2%, and D-0.93).
Tibangayuka et al., (2022) the study compared the performance of HEC-HMS, HBV, and Artificial Neural Network (ANN) models in a data-scarce, humid tropical catchment. Model performance was evaluated using statistical indices, hydrographs, and flow duration curves. Results showed that HEC-HMS performed best (NSE = 0.80–0.84, R² = 0.79–0.82), followed by HBV (NSE = 0.64–0.73, R² = 0.64–0.74), while the ANN model performed satisfactorily but with lower accuracy. Overall, the findings highlight the effectiveness of process-based models like HEC-HMS for water resource management under climate change conditions.
Tassew et al., (2019) simulated surface runoff for the Gilgel Abay Catchment (1,609 km²) in the Upper Blue Nile Basin, Ethiopia, using HEC-HMS. Catchment properties were derived from a 30 m DEM, and rainfall-runoff modeling incorporated the SCS-CN, SCS-UH, and Muskingum methods. Six extreme daily rainfall events were used, followed by calibration and sensitivity analysis, which identified the curve number as the most sensitive parameter. Model validation showed small relative errors in peak flow (1.49%) and total volume (2.38%), with strong performance indicators (NSE = 0.884, R² = 0.925), confirming the model’s suitability for hydrological simulations in the catchment.
Verma et al., (2009) carried out rainfall runoff modeling using HEC-HMS and WEPP hydrologic models, and remote sensing and GIS (Geographical Information System) techniques in the Upper Baitarani River basin of Eastern India. They used daily monsoon season (June–October) rainfall and the corresponding stream flow data of 6 years (1999–2005) together with the soil map, topographic maps, and digital elevation model (DEM) and Land Sat images. The modeling results revealed that both the models under predicted stream flow for 1999, 2002, 2004, and 2005 and over predicted for 2001 and 2003, whereas HEC-HMS under predicted and WEPP over predicted stream flow for the year 2000. However, the lower values of root mean square error (RMSE) and standard deviation ratio (SDR) coupled with the higher values of Nash–Sutcliffe efficiency, percent deviation (DV) and coefficient of determination (R2) for HEC-HMS during calibration and validation periods indicated its better reliability than WEPP.
Vishweshwaran et al., (2017) set the rainfall-runoff model for the Krishna basin using HEC-HMS model. The event-based modeling using daily rainfall data was performed for the study. For this, SCS-CN method was used for loss estimation and SCS unit hydrograph for transforming excess precipitation into direct runoff hydrograph. The model was further calibrated for the monsoon period of 2011 and validated for the 2007 and 2013 monsoon period. The findings gave attention to statistical evaluation which resulted that during calibration Nash coefficient was 0.353 and R2 value was 93.7% and during validation, for the year 2007 it showed the Nash coefficient value as 0.41 and R² as 87.9%. For the year 2013 Nash coefficient was 0.48 and R² was 95.9%.
Xiaolong and Zhang (2023) evaluated the applicability of the HEC-HMS model for flood simulation in the urbanizing Pu River Basin. Using GIS, HEC-GeoHMS, land use, soil, and hydrological data, the model’s performance was assessed with error analysis, NSE, and correlation. Results showed the model is effective for urban basins, though performance is better pre-urbanization. Sensitivity analysis identified curve number, initial abstraction, imperviousness, and time lag as key parameters, providing insights for flood simulation and stormwater management in urbanized catchments.

CONCLUSIONS
The comprehensive review of literature demonstrates that the HEC-HMS model has been widely applied across diverse climatic, physiographic, and hydrological conditions, proving its robustness and adaptability. Its integration with GIS and remote sensing enhances parameter extraction, spatial representation, and overall accuracy. The reviewed studies demonstrate that HEC-HMS and SWAT are widely used and reliable for simulating rainfall-runoff processes across diverse catchments, including humid, sub-humid, and semi-arid regions. Semi-distributed models such as HEC-HMS, SWAT, HBV, and PED generally perform better than lumped or empirical models in capturing spatial variability and hydrological processes. Among these, infiltration-excess models (e.g., SWAT, HEC-HMS) often outperform saturation-excess models (e.g., HBV, PED), particularly in infiltration-dominated watersheds. Model performance is highly sensitive to parameters such as curve number, lag time, imperviousness, initial abstraction, and base flow, which must be carefully calibrated for each catchment. Different loss methods (SCS-CN, SMA, Green-Ampt, and Initial & Constant) have been evaluated, showing that SCS-CN is most effective for event-based modeling, while SMA is more suitable for continuous simulations. Sensitivity analyses across multiple catchments consistently identify curve number, infiltration parameters, lag time, and base flow as dominant controls on model performance. Applications in both gauged and ungauged basins indicate that proper calibration and selection of parameterization methods are critical. Event-based modeling provides refined parameters for continuous simulations, while distributed rainfall data significantly improves flood forecasting accuracy compared to point measurements. In urbanizing watersheds, HEC-HMS has been shown to capture storm water dynamics effectively, though model performance tends to decline post-urbanization without proper adjustments for imperviousness.
Overall, the HEC-HMS model stands out as a flexible, reliable, and practical hydrological tool for runoff simulation, flood risk assessment, groundwater recharge studies, and water resources management. Its ability to incorporate various data sources, hydrologic methods, and calibration strategies ensures wide applicability for both research and operational purposes. From the exhaustive review work carried out on the HEC-HMS rainfall-runoff model, it could be concluded that the selection of the modelling method and approach is mainly based on the desired output and availability of the data. Researchers compared different modelling methods to obtain the best model suitable under different hydrological conditions and found HEC-HMS as a good model over others and recommended it for simulation of runoff. 
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