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Abstract: 
Runoff estimation from a watershed is very important 
for water resources planning and management such 
as irrigation scheduling, water harvesting, flood 
control, drought mitigation and design of various 
engineering structures. Hydrological modeling is 
inevitable for accurate and precise estimation of 
runoff from a watershed or river basin. A major 
problem in the hydrological modeling is the 
inadequate field measured data to describe the 
complex hydrologic processes governing the rainfall 
runoff transformation. With unavailability or limited 
availability of spatial and temporal data, the 
quantitative understanding and prediction of the 
runoff generation processes and their interpretation 
remains one of the most challenging area of 
hydrology. The use of remote sensing and GIS, in 
combination with semi distributed hydrological model 
provides new possibilities for deriving spatially 
distributed time series of input variables, as well as 
new means for calibration and validation of the 
hydrological model. In the present study, the HEC-
HMS 5.0 hydrologic model supported with the 
capabilities of ArcGIS 10.0 is applied for runoff 
simulation in the Hadaf river watershed, Gujarat, 
India, which is predominant with agricultural land and 
falls under semi-arid zone. The findings in the present 
study are very useful for water resources engineers, 
researchers, policy makers and will play an important 
role in water resources planning and management. 
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Introduction 

Accurate surface runoff estimation plays a significant role for different water resources planning and 

management. Runoff is among the most important hydrologic variables and its reliable predictions in terms of 

quantity and rate of runoff from the land surface into streams and rivers are very important especially for 

ungauged watersheds (Nayak and Jaiswal, 2003). A rainfall-runoff model is a mathematical model describing 

the rainfall-runoff relations of a catchment area, drainage basin or watershed. A rainfall runoff model can be 

really helpful in the case of calculating discharge from a basin. The transformation of rainfall into runoff over a 

catchment is known to be very complex hydrological phenomenon, as this process is highly nonlinear, time-

varying and spatially distributed. 

Hydrological model is a simplified representation of natural system. The rainfall runoff transformation is one 

of the most frequently used phenomena in hydrology. It determines the runoff generation from the 

watershed. Numerous methods have been developed by different researchers to simulate the rainfall runoff 

transformation processes. Although a variety of rainfall runoff models are available, selection of a suitable 

rainfall runoff model for a given watershed is essential to ensure efficient planning and management of 

watersheds. In this study to understand the rainfall runoff processes the attempt has been taken to define this 

rainfall runoff modelling processes from knowledge driven modelling techniques. This way of rainfall-runoff 

modelling is based on detailed descriptions of the system and the processes involved in producing runoff.  

One of the recent thrusts in hydrologic modeling is the assessment of the effects of land use and land cover 

changes on water resources and floods (Yang et al., 2012), which are essential for planning and operation of 

civil water resource projects, and for early flood warning. The influence of urbanization as one of the 

important land use and land cover changes on runoff and floods within watersheds is one of the main research 

topics in the past decades. The expected results of urbanization include reducing infiltration, base flow, lag 

times, increasing storm flow volumes, peak discharge, frequency of floods, and surface runoff (Hollis, 1975; 

Arnold and Gibbons, 1996; Ogden et al., 2011).  

A major problem in the hydrology is the inadequate field measured data to describe the hydrologic processes. 

With unavailability or limited availability of data, the quantitative understanding and prediction of the runoff 

generation processes and its transmission to the watershed outlet remains one of the most challenging areas 

of hydrology. The unit hydrograph techniques and watershed models can be used to estimate the design flood 

hydrograph in addition to the magnitude of the design flood peak (Kalita, 2008). Remote sensing (RS) and 

Geographical information system (GIS) technique have been identified as a tool to produce information in 

spatial and temporal domain very efficiently in digital form with high resolution, instead of point measurement 

that is cumbersome, hectic and time exhaustive. The use of RS data and GIS, in combination with semi 

distributed hydrological model, provides new possibilities for deriving spatially distributed time series of input 

variables, as well as new means for calibration and validation of the hydrological model. Thus, in this study the 

capabilities of RS and GIS is applied to generate input data in form of thematic maps such as digital elevation 

model, land use/land cover and soil map for a physically based semi distributed hydrological model. 
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The semi distributed HEC-HMS hydrologic model is applied in the study. The HEC-HMS model is designed to 

simulate rainfall runoff processes of networked watershed systems which include sub-basins, reaches, 

junctions, reservoirs, diversions, sources, and sinks. In the lumped modelling approach the average rainfall of 

the catchment to develop the rainfall runoff model is considered. The catchment has been divided in to the 

number of sub catchments to consider variation in the geomorphological parameters. Furthermore, basin 

component includes loss, transform, and base flow calculations through different approaches to determine 

catchment runoffs. In this study, SCS-CN loss method, SCS unit hydrograph, and Muskingum approaches are 

selected as loss, transform, and routing methods, respectively.  

 

Study Area and Data Applied 

Hadaf River is tributary of Panam river. Hadaf river basin is the case study area in this research which is located 

in Panchmahals, Gujarat, India. Hadaf dam site is situated at 43 km far from Godhra, headquarter of 

Panchmahals district, Gujarat. The Study area is located in between 22° 40' 33.039'' N to 22° 57' 48.301'' N 

latitude and 73° 52' 9.064'' E to 74° 11’ 8.536'' E (Fig. 1). The catchment lies in semi-arid region located in 

middle Gujarat having area of 502.7 km2. Water availability in the region is an important and critical issue. One 

rainwater harvesting structure (Umaria reservoir) has been put in place over the past years located at N 

latitude 22° 46' 00'' and E longitude 74° 04' 12'' and having an area of 72.52 km2, having a bit success in 

improving the water availability for Agricultural production. There is huge scope of improving the potential of 

the watershed for increasing the availability of water for agriculture.  

 

 

Fig: 1- Geographical Location of Study Area 
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Data/Software Applied for Model Development 

For rainfall runoff simulation different hydro-climatic and remote sensing data are collected as presented in 

Table 1a &b.   

Table 1a 

Hydro-meteorological, remote sensing data and software applied 

Data Description Source of Data 

Hydrological and 
meteorological 
data 

Rainfall, Discharge.  Hadaf Irrigation Project, Morava, Godhra 
 Umariya Irrigation Project, Umariya, Dahod. 
 Sevasadan Department, Godhra. 
 Panam Dam Circle Office, Godhra 

Remote Sensing 
data 
 
 

Landuse/cover map, soil 
map, slope map, 
drainage map. 

 National Remote Sensing Center, Hyderabad. 
 Bhaskaracharya Institute for Space Application and Geo-

informatics (BISAG), Gandhinagar. 
 Downloaded from Global Land Cover Facility Data Centre of 

Maryland University, USA. 

Digital elevation model 
(DEM) 

 SRTM (Shuttle Radar Topography Mission) united states geological 
survey. 

 ASTER Download from USGS site 

Base map/ Topography 
sheet 

 Survey of India. 

Software applied ArcGIS 10.0 

 

Table 1b 

Details of Satellite Imageries 

Sr.No Date of pass Remote Sensing Imageries 

1 13-10-2008 LISS-III 2008 

2 21-11-2012 LISS-III 2012 

3 08-01-2013 LISS-IV 2013 

 

Results  

(i)  Generation of thematic Maps for HEC-HMS Modeling using ArcGIS 10.0 

DEM: In this study two elevation dataset SRTM and ASTER are used (Fig. 2). SRTM 90m Digital Elevation Model 

(DEM) and ASTER DEM 30m of the Hadaf Basin are processed to generate HEC-HMS model input files applying 

HEC-GeoHMS an extension of ArcGIS 10.0. 
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Fig:2-SRTM DEM of the Study Area 

Land Use Map: Land use is one of the most important parameters affecting the surface runoff generation 

process. To incorporate the effect of land use, the Hadaf watershed is classified into five dominant land use 

land cover categories viz. Agriculture, Forest, Water bodies, Waste land and Built up. Further to assess the 

effect of land use change on water harvesting potential and runoff generation in the watershed, land use 

maps for three different years 2008, 2012 and 2013 are considered in this study using corresponding remote 

sensing images (Fig. 3). 

   
(a) (b) (C) 

Fig:3-Land Use and Land Cover Categories using (a) LISS-III for Year 2008 (b) LISS-III for Year 2012 and (c) LISS-IV for 
Year 2013 of the Watershed 
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Soil texture in the watershed is another factor affecting the conversion of rainfall into runoff. Soil series map 

at 1:250,000 scale for Gujarat state, published by National Bureau of Soil Survey & Land Use Planning 

(NBSS&LUP, 2005), is used as the source of soil database and soil grid in this study. After pre-processing of soil 

maps using ArcGIS 10.0 the soil types obtained for the study area are clayey, loamy and fine sand. In which the 

clayey, fine sand and loamy soil cover an area of 31.38, 164.22 and 302.14 km2, respectively. The soil map 

showing different soil types are shown in Fig. 4. 

 
  Fig:4- Soil Map 

(ii) Calibration and validation of HEC-HMS model using LISS-III imagery of Year 2008 

The HEC-HMS model is calibrated using the daily dataset for the Event-I: 05-11 Sept 2006 and 

validated for the Event-II: 08-14 July 2007 for LISS-III Imageries of 2008. The calibration of HEC-HMS model is 

conducted using three methods namely (i) loss method (ii) Transform method (iii) Routing method. Different 

initial parameters of these three methods are presented in Table 2. It is to be noted that CN number is 

extracted using LISS-III imagery of year 2008. 

Table 2 
Simulation Parameters of Watershed using LISS-III 2008 for Event: I 

Method Approach-1 Approach-2 

Method 
Used 

Parameter Subbasin Method 
Used 

Parameter Subbasin 

W700 W800 W700 W800 

Loss 
method 

SCS CN Initial Abstraction 
(mm) 

20.74 28.57 SCS CN Initial Abstraction 
(mm) 

20.74 28.57 

Curve Number 71 64 Curve Number 71 64 

Impervious (%) 5 5 Impervious (%) 5 5 

Transfor
m 

method 

SCS UH Lag Time (min) 613.8 265.8 Clark UH Time of 
Concentration 

(hr) 

17.05 7.38 

Storage 
Coefficient (hr) 

25.57 11.07 

Channel 
Routing 

Muskingum Travel time (K)   2 hrs For all the reach’s  

Weighting 
Coefficient (X) 

0.1 For all the reach’s (for natural Channel) 

Resorvoir 
Routing 

Modified 
Puls 

Initial elevation 280 m 
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Runoff simulation for calibration and validation of HEC-HMS model and evaluation of different unit 

hydrograph are made with two approaches as presented in the Table 2. In these two approaches the 

difference is only in the transform method used and remaining methods used are same in both the 

approaches. In the approach-1 SCS UH transformation method is applied whereas in the approach-2 Clark UH 

is applied as a transformation method. The observed and modelled values of flood peak and flood volume for 

the Event-I using approach-1 & 2 without optimization have been shown in Table 3. It can be observed that 

the approach-1 produces better results comparatively. 

 
Table 3 

Comparison of Simulated Flood Peak and Flood Volume with Observed Values before Parameter Optimization for LISS-
III 2008 

Event : I 

Method 
Flood Peak (m

3
/s) Flood Volume (1000m

3
) 

Model Observed Model Observed 

Approach-1 43.4 69.0 7248.4 8683.20 

Approach-2 31.5 69.0 7111.1 8683.20 

 

(iii) Parameters optimization for Approach-1 and Approach-2 using LISS-III 2008 imagery of Event-I 
 
In the previous section rainfall runoff transformation applying the estimated parameters in the HEC-HMS 

model are applied. Now, the next step is to calibrate the parameters using a suitable optimization method 

applying the observed hydro-meteorological data to obtain most suitable parameters. The univariate gradient 

method and Nelder-mead method are used to minimize the peak weighted RMS error-objective function.  The 

optimized initial abstraction, lag time, time of concentration, storage coefficient and muskingum K parameter 

values for approach-1 and approach-2 are presented in Table 4. 

Table 4a 
The optimized values of parameters usingApproach-1and Approach-2 for LISS-III 2008 Imagery-Initial abstraction, lag 

time, time of concentration and storage coefficient 

  

Method Parameter 

Sub basin W700 Sub basin W800 

Initial 
Value 

Optimize Value Initial 
Value 

Optimize Value 

Univariate Nelder Univariate Nelder 

Approach 1 
SCS CN 

Initial Abstraction 
(mm) 

20.74 19.13 6.5242 28.57 17.927 28.346 

SCS UH Lag Time (min) 613.8 613.8 612.42 265.8 265.8 267.45 

Approach 2 

SCS CN 
Initial Abstraction 

(mm) 
20.74 13.279 13.663 28.57 28.264 29.637 

Clark 
UH 

Time of 
concentration 

17.05 17.05 18.289 7.38 7.38 9.1343 

Storage 
coefficient 

25.57 11.364 23.195 11.07 11.07 8.856 

 

The correlation co-efficient obtained after optimization for approach-1 and approach-2 with univariate 

gradient method are 0.978 and 0.815 respectively. The correlation co-efficient obtained after optimization for 
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approach-1 and approach-2 with nelder mead method are 0.979 and 0.682 respectively. Which are greater 

than without parameter optimization. The observed and simulated values of flood peak and flood volume for 

the event: I using approach-1 & 2 after optimization have been shown in Table 5. From the Tables 4 and 5, it 

shows the improvement in the result of flood peak and flood volume using the optimized parameter. 

Table 5 
Comparison of simulated flood peak and flood volume with observed values after parameter optimization for LISS-III 

2008 imagery 

Method 

Event : I 

Flood Peak (m
3
/s) Flood Volume (1000m

3
) 

Univariate Nelder Observed Univariate Nelder Observed 

Approach-1 47.9 62.8 69.0 7892.9 10364.9 8683.20 

Approach-2 44.5 39.6 69.0 8894.7 8589.9 8683.20 

 

(iv) Validation of HEC-HMS model using LISS-III Imagery of year 2008 
Model validation is processes of testing model ability to simulate observe data other than those use for 

calibration, with acceptable accuracy. During this process, calibrated model parameters are not subject to 

change, their values are kept constant. The quantitative measure of the match is again the degree of variation 

between computed and observed hydrograph. Here the parameters optimized by Event: I has been applied for 

validation of Event: II. The resultant parameters optimized using Nelder mead method has been also applied 

for validation of Event-II. Validation result of approach-1 and approach-2 using nelder mead method has been 

graphically presented in Figs. 5. The correlations co-efficient of approach-1 and approach-2 are obtained as 

0.94 and 0.95, respectively. The observed and modelled values of flood peak and flood volume for the Event: II 

using approach-1 & 2 during validation has been shown in Table 6.  

 

 
Fig: 5-Hydrograph for observed and simulated discharge at outlet during validation using Approach-1, Approach-2 and 

nelder mead method for LISS-III 2008 imagery with event-II 
Table 6 

Comparison of simulated flood peak and flood volume with observed values during validation for LISS-III 2008 

Method 

Event : II 

Flood Peak (m
3
/s) Flood Volume (1000m

3
) 

Univariate Nelder Observed Univariate Nelder Observed 

Approach-1 468.9 442.8 308.80 82598.7 86854.7 73836.58 

Approach-2 455.3 351.1 308.80 84333.8 84145.7 73836.58 

0

50

100

150

200

250

300

350

400

450

500

D
is

ch
ar

ge
 (

m
3
/s

) 

Time (days) 

Approach-1

Approach-2

Observed



 
 
 
 
 
16

th
 Esri India User Conference 2015   

  

Page 9 of 10 

The better performance during the validation period clearly indicated applicability of the optimized 

parameters for newer or unseen events. Further it is found that the approach-2that uses Clark transformation 

method performs better than the approach-1 where SCS CN transformation method is applied. 

 

(v) Validation of HEC-HMS model using LISS-IV Imagery of year 2013 

The above same procedure applied for validation of HEC-HMS model using LISS-IV imagery of year 2013. The 

parameters optimized by Event: III have been applied for validation of event: IV. Validation result of approach-

1 and approach-2 using nelder mead method has been graphically presented in Figs 6. The correlations co-

efficient of approach-1 and approach-2 are obtained as 0.846 and 0.929, respectively. The observed and 

simulated values of flood peak and flood volume for the Event: IV using approach-1 & 2 during validation has 

been shown in Table 7.  

 

 
Fig:6(a): Hydrograph for observed and simulated dischargeat outlet during validation using Approach-1, Approach-2 

and nelder mead method for LISS-IV 2013 imagery with event-II 
 

Table 7 
Comparison of simulated flood peak and flood volume with observed values during validation for LISS-IV 2013 

Method 

Event : IV 

Flood Peak (m
3
/s) Flood Volume (1000m

3
) 

Univariate Nelder Observed Univariate Nelder Observed 

Approach-1 244.5 241.3 271.0 54224.4 52672.2 47317.82 

Approach-2 226.6 236.1 271.0 52320.4 53973.8 47317.82 

 

 

Conclusion 

The following conclusions are drawn from the study: 

1. SRTM and ASTER DEM models are compared in this study to assess their capabilities of watershed 

delineation and drainage network generation, and it is found that instead of low resolution (i.e. 90 m) 

SRTM DEM found to be better than ASTER DEM, due to better quality of the images. 

0

50

100

150

200

250

300

D
is

ch
ar

ge
 (

m
3
/s

) 

Time (Days) 

Approach-1

Approach-2

Observed



 
 
 
 
 
16

th
 Esri India User Conference 2015   

  

Page 10 of 10 

2. It is observed in this study that agricultural land is increased from 222.35 km2 in the year 2008 to 252.47 

km2 in year 2012, whereas forest land is decreased from 198.24 km2 in the year 2008 to 157.91 km2 in year 

2012. An increment in the waste land is also observed from 2008 to 2012 that is increased from 51.11 km2 

to 71.75 km2. 

3. The effect of finer resolution remote sensing image LISS-IV is also evaluated in this study that produced 

better classification and improved accuracy of HEC-HMS model in rainfall-runoff modeling. 

4. It is found in this study that the Clark method (Approach-2) produces better results than SCS-UH 

transformation method (Approach-1) in rainfall-runoff simulation in terms of both the runoff peak and 

runoff volume. 

5. It has been observed that optimization of the parameters significantly improved the model performance in 

all the cases using LISS-III for the year 2008, LISS-III for the year 2012 and LISS-IV for the year 2012. 

6. The findings in the present study are very useful for water resources engineers, researchers and will play 

an important role in water resources planning and management. 
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