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Introduction 
 

Wainganga is a tributary of the Godavari River and its name, which means 

‘Arrow of Water’, is derived from Venu, or Benu, a king who ruled in Damoh 

during Puranic times, and goddess Ganga. 

Wainganga rises in the Mahadeo Hills in south-central Madhya Pradesh and 

flows 360 miles (580 km) south to join the Wardha River (a headwater of the 

Godavari), northeast of Kagaznagar in Maharashtra state. Along the final 142 

miles (229 km) of its course, the river forms the boundary between Maharashtra 

and Andhra Pradesh states and is known as the Pranhita. The river receives 

water from numerous tributaries, notably the Bagh, Bawanthadi, Kanhan, 

Chulband, Garhvi, and Thanwar rivers.  

The study focuses on the hydrology of Wainganga subbasin of Godavari which 

occupies the area between latitudes 190 30’ N and 220 40’N and longitudes 780 

0’E and 8100’ E. The Wainganga basin has varied rock formation and includes 

Precambrain rocks (granite gneisses) and Deccan traps which cover the major 

portion of the basin. Alluvial soils, laterite, granite, sandstone, shale, dolomite, 

mica, schist etc are also seen in fragments. Major tributaries of Wainganga 

include Thel, Thanwar, Bagh, Chulband, Gadhvi, Khobragarhi and Kathani. All 

of these latter systems join the river along the left bank while Hirri, Bawanthari, 

Kanhan and Mul join Wainganga along the right bank. 

Annual climatology is defined in terms of three dominant seasonal patterns that 

feature (i) summer season (March – May), (ii) monsoon season (June – 

October), and (iii) winter (November – February). The soil conditions along the 

valleys are rich with black regur loams while clay loams are also found along 

the river bed. These soils, known locally as kali soils, are very productive and 

suitable for rabi crops due to high moisture retention capacity.  
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Wainganga basin has witnessed large scale interventions and other water related 

developments which support the northern industrial hub of Nagpur in addition 

to large tracts of extensively irrigated rice growing areas. 

Observations on river flows are collected at three CWC hydrometric stations at 

Rajegaon, Pauni and Ashti, where the river drains an area of 51530.36 km2. 
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Water Resources Assessment 
 

The demands on the sub-basin’s water resources have grown steadily over the 

years and, amongst the diverse nature of the purposes that drives such an 

incessantly growing demand for water, an increased reliance on irrigated 

agriculture as well as numerousproposals to set up thermal power capacities are 

expected to lead to an intensification of competition for the limited water 

resources.Understandably, therefore, the objective of the study is to assess the 

sub-basin’s water resources availability and, further, to evaluate the impact of 

existing and other prospective water resources developmental initiatives on the 

overall water balance of Wainganga sub-basin. 

Hydrologic modelling based approach is followed to assess the overall water 

resources potential of Wainganga sub-basin and, additionally, to evaluate the 

impacts of various development schemes that fall in the following categories: 

(i) Schemes currently in operation 

(ii) Virgin basin condition 

(iii) Schemes under implementation  

(iv) Schemes already approved but yet to be implemented. 

The hydrologic model of the study area was developed using the SWAT 

application platformand simulations obtained for the four aforementioned 

development scenarios.  
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SWAT modelling based approach 
 

SWAT (for Soil and Water Assessment Tool) is a physically based continuous 

time simulation model of the land phase Hydrologic Cycle. SWAT is designed 

with the capability to incorporate information about weather, soil properties, 

topography, vegetation, and land management practices prevalent in the basin 

and this enables modelling of the various resident physical processes associated 

with water movement, sediment movement, crop growth, nutrient cycling 

amongst others. In addition to being able to simulate virgin conditions, SWAT 

has the capability to predict impact of land management practices on water, 

sediment and agricultural chemical yields in large complex watersheds with 

varying soils, land use and management conditions over long periods of time.  

For modeling purposes, a basin may be partitioned into a number of sub-basins 

and each of these is further sub-divided into small entities known as Hydrologic 

Response Units (HRU). A Hydrologic Response Unit is a lumped land area 

within a sub-watershed that is deemed to be under a distinct, but uniquely 

similar, attributes for land cover, soil, and management combinations. Input 

information for each sub-basin is required for the following attributes: (i) 

climate; (ii) HRUs; (iii) ponds/wetlands; (iv) principal groundwater features; 

and (v) main channel or reach draining the sub-basin.  

Water balance is the principal paradigm that drives model simulations in both 

the land phase of the hydrologic cycle, depicted in Figure , as well as in the 

routing phase.  
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Figure 1: Schematic representation of the hydrologic cycle. 

 
SWAT integrates together the web of hydrological processes which are 

modelled individually using the corresponding in-builtindividual component 

modules. A description of some important components of the hydrologic cycle, 

as represented in the SWAT modelling framework, is presented below: 

Land Phase of the Hydrologic Cycle 
The hydrologic cycle, as simulated by SWAT, is based on the water balance 

equation: 

 

where SWt is the soil water content at the end of the any given period, t, SW0 is 

the initial soil water content, t is the length of the characteristic modelling 

period (usually daily), Rday is the amount of precipitation observed on any dayof 
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interest, Qsurf is the amount of surface runoff, Ea is the amount of evapo-

transpiration, wseep is the amount of water entering the vadose zone from the soil 

profile, and Qgw is the amount of return flow. The subdivision of the watershed 

enables the model to reflect differences in evapo-transpiration for various crops 

and soils while runoff is predicted separately for each, internally homogeneous, 

Hydrologic Response Units, (HRU) and routed to obtain the total simulated 

runoff at the watershed outlet.  

Weather Generator 
SWAT accepts recorded/observed rainfall data, temperature data, relative 

humidity data, solar radiation data and wind speed data as descriptive 

components of climate. However, in situations where climate data is not 

available, it uses its in-built weather generator data to generate these climatic 

variables by deploying long term weather statistics. 

Computation of Surface Runoff 
In this model, surface runoff, as infiltration excess, is calculated using a 

modification of the SCS curve number method (USDA Soil Conservation 

Service, 1972) or the Green &Ampt infiltration method (Green and Ampt, 

1911).  

Return Flow 
Return flowis the fraction of total water precipitation and irrigation application 

that returns to the stream as a delayed contribution following a tortuous, 

essentially subsurface, travel and makes up the overall volume of streamflow. 

SWAT partitions sub-surface water into two distinct systems: a shallow, but 

essentially unconfined,zone which contributes return flow to streams within the 

basin and a deep, confined aquifer which also has the potential to contribute 

return flow to streams outside the basin (Arnold et al., 1993). Water percolating 

past the bottom of the root zone is partitioned into two fractions—each fraction 

becomes recharge for one of the aquifers. In addition to return flow, water 



7 
 

stored in the shallow aquifer may replenish moisture in the soil profile in very 

dry conditions or be directly removed by plant. Water in the shallow or deep 

aquifer may also be removed by pumping. 

Evapotranspiration 
Evapotranspiration is a collective term for all processes by which water in the 

liquid or solid phase at or near the earth's surface becomes atmospheric water 

vapor. Evapotranspiration includes evaporation from rivers and lakes, bare soil, 

vegetative surfaces, evaporation from within the leaves of plants (transpiration), 

and sublimation from ice and snow surfaces. The model computes evaporation 

from soils and plants separately in which, firstly, the potential soil water 

evaporation is estimated as a function of potential evapotranspiration and leaf 

area index (area of plant leaves relative to the area of the HRU) and then the 

actual soil water evaporation is estimated by using exponential functions of soil 

depth and water content. Plant transpiration is simulated as a linear function of 

potential evapotranspiration and leaf area index.  

The model assumes that potential evapotranspiration is unaffected by micro-

climatic processes such as advection or heat-storage effects and is estimated 

using any of the following three methods namely (i) Hargreaves, (ii) Priestley-

Taylor, and Penman-Monteith. 

Flood Routing 
As water flows downstream, various channel attributes combine together to 

influence the hydrograph shapes by imparting upon the latter its characteristic 

attributes of high damping. For this purpose, the routed hydrograph is derived 

based on the variable storage coefficient method or Muskingum routing method. 

Reservoir Outflow 
The model offers three alternatives for estimating outflow from the reservoir. 

The first option allows the user to input measured outflow. The second option, 

designed for small, uncontrolled reservoirs, requires the users to specify a water 
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release rate. When the reservoir volume exceeds the principle storage, the extra 

water is released at the specified rate. Volume exceeding the emergency 

spillway is released within one day. The third option, designed for larger, 

managed reservoirs, has the user specify monthly target volumes for the 

reservoir. 

Data and its processing 
The SWAT model uses a range of input data to construct the conditions of the 

basin for hydrological simulation. The following is a brief account of the same.  

DEM of 90 m resolution:  
 
SRTM dataset from CIAT[1] and available from http://srtm.csi.cgiar.org has 

been used . 

[1]: Jarvis A., H.I. Reuter, A.  Nelson, E. Guevara, 2008, Hole-

filled seamless SRTM data V4, International Centre for 

Tropical Agriculture (CIAT). 

The Digital Elevation Model (DEM) of the study basin (Wainganga sub basin) 

as extracted from SRTM data at 90-m resolution is presented as Figure 2 and 

forms the basic input for all subsequent processing. 
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Fig. 2. DEM of Wainganga Basin 

Watershed Delineation 
Watershed delineation, defined in terms of an identified outlet point, is carried 

out through terrain processing of the DEM, and, in addition, also yields its 

stream network. The watershed boundary of Wainganga sub-basin delineated 

using the ArcView interface of SWAT is shown along with important drainage 

features in Figures 3a and 3b for reference. Figure 3a depicts the generated 

drainage network and the points (based on the confluence of drains) where the 

basin shall be subdivided into sub-basins. The Figure 3b depicts the location of 

the manmade structures such as dams. 
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Land and Soil Cover Data: 
The Land use layer was obtained from the database of ‘Global Land Cover 

Facility’ as available athttp://ftp.glcf.umd.edu/index.shtml and the information, 

as pertaining to the study area, is presented as Figure 4. 

 

Fig. 4. Land Use map of Wainganga sub-basin 

Fig. 3a Fig. 3b
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Similarly the information on soil types was obtained from FAO Digital Soil 

Map. The information is available at the official FAO web site hosted at 

http://www.fao.org/geonetwork/srv/en/metadata.show?id=14116. Examination 

of the available data shows that the soils of the Wainganga sub-basinmay 

broadly be divided into three categories namely (i) black soil, (ii) red soil, and 

(iii) mixed black and red soil and, in terms of the soil type, clay and clayey loam 

soils dominate as the principal soil types of the study area as highlighted in 

Figure 5.  

 

Fig. 5. Soil map of Wainganga sub-basin 
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Sub-basins and HRUs 
 

The model parameterization was derived using the ArcView GIS interface for 

SWAT (Di Luzio et al., 2001), which provides a graphical support for the 

disaggregation scheme and thus facilitates the data handling. As a first step, the 

entire study basin was divided into an appropriate number sub-basins based on 

the arbitrary threshold that the smallest of these areas has a minimum drainage 

area of 10,000 hectare and accordingly, based on the threshold and the need for 

outlets at existing discharge measurement stations, the study area was sub- 

divided into a total of 204 sub-basins (Figure 6) and 1622 HRUs. 

.  

Fig. 6. Sub-basins in Wainganga basin 
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Weather data 
Weather data from stations within the region including IMD gridded 

precipitation data are incorporatedto provide the most representative hydro-

meteorologicalhistory available. Other meteorological data, as required by 

SWAT, namely solar radiation, wind speed, and relative humidity are estimated 

using the SWAT weather generator. 

The daily rainfall, corresponding to fifty five reference grid points and is shown 

in Figure 7, was extracted from the IMD gridded daily rainfall data (provided by 

IMD using the actual point data) for the period 1969 to 2005. Observations on 

daily temperature from 1969 to 2005 were also available at 

fourteenlocationsshown marked in Figure 7 and were used for hydrological 

simulation. Other meteorological data required by SWAT (solar radiation, wind 

speed, and relative humidity) were estimated using the SWAT weather 

generator as prescribed. 

 

Figure7: Precipitation & Temperature map of Waingangasub-basin 
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Dams and other projects 
 

Anthropogenic influences on the natural hydrologic cycle often dominate and 

substantially determine the current hydrologic regime of a given river basin. 

Appropriately, therefore, it is imperative for any given modelling framework to 

accommodate a reasonable representation of these interventions if the model 

derived simulations have to inspire confidence amongst planners and other users 

of the derived model based predictions regarding future states of the river 

basin’s hydrology. Accordingly, the present modelling initiative has 

incorporated all known (existing as well as proposed) projects along with their 

respectively inferred water utilization details and the process, understandably, 

starts with identification of these and similar projects to the delineated sub-

basins. 

The reservoir data were also extracted from the NATIONAL REGISTER OF 

LARGE DAMS – 2009. Beside the location, other attributes such as storage 

capacity and other features were incorporated and these data were also 

supplemented by other data obtained from internet based search. Table 1 

presents a list of projects that have been considered in the hydrologic study of 

Wainganga sub-basin as described in this report and the corresponding locations 

are also shown marked in Figure 8. 

Table1. Properties of the reservoirs which are included in the SWAT model 

NAME OF PROJECT RIVER YEAR 

OF 

START 

VOLUME 

(103 m3) 

Totladoh Pench 1989 1241109.00 

Kamtikheri Pench 1976 230000.00 

Ramtek Sur 1913 105130.00 

Itiadoh Garvi 1970 288830.00 
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Sirpur Bagh 1970 203840.00 

PoojariTola Bagh 1970 65110.00 

AsolaMendha Local 1918 67015.00 

Gosikhurd Wainganga UC 769483.00 

Sanjay Sarovar Wainganga 2005 507000.00 

 

 

 

Figure8: Reservoirs in Waingangasub-basin 



16 
 

Model setup 
 

Model simulations of stream flows were derived on a daily time step for the 

period from 1969 to 2005 but the results for the first year (1969) were used only 

as warm up period and, therefore, excluded from further analysis.The SWAT 

model was setup separately for three different developmental scenarios namely 

(i) Virgin basin condition,(ii) Current developmental scenario, and (iii) Future 

(projected) developmental scenario, but, understandably, the final choice of 

various model parameters was based on the need to obtain reasonable level of 

agreement between the observed stream flows and model simulations derived 

for the existing baseline condition. All developments including storage 

reservoirs and other diversion features, as presented in Table 1, were 

incorporated in the model setup to enable a realistic capture of the influences of 

current level of developments on the sub basin’s hydrology as observed.  

 

Accordingly, therefore, calibration entailed examination of the important 

SWAT parameters for their respective influence on quality of derived 

simulations. Amongst the various model parameters that were adjusted during 

the process of calibration, runoff simulations were seen to be most sensitive to 

the Curve Number (CN) value, soil evaporation compensation factor ESCO, 

available soil water capacity SOL_AWC, surface runoff lag coefficient, 

SURLAG, ground water delay time, GW DELAY and baseflow alpha factor, 

ALPHA BF. Figures 9 and 10 below show the comparison between observed 

and model derived simulated runoff at daily and monthly scales respectively at 

Ashti G&D site while the NSC measure of model efficiency (R2) is also 

indicated in the plot of Figure 11 for the simulations presented at monthly time 

steps. Similarly, figures 12, 13, 15 and 16 show the comparison between 

observed and model derived simulated runoff at daily and monthly scales at 

Pauni and Rajegaon respectively. 
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Once the model was deemed to have been successfully calibrated at the daily 

scale, the available hydrologic data for the period 1990–2004 were used to 

obtain SWAT simulation runs for this period on a daily time step basis for all 

the three aforementioned developmental scenarios.  

 

Fig. 9 Comparison of SWAT simulated and measured monthly flow for 

daily time-scale calibration at Ashti G&D site. 

 

Fig. 10 Comparison of SWAT simulated and measured monthly flow for 

monthly time-scale calibration at Ashti G&D site. 
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Fig. 11 Scatter plot of SWAT simulated and observed flow at monthly time-

scale (SMC) at Ashti G&D site. 

 

 

Fig. 12 Comparison of SWAT simulated and measured monthly flow for 

daily time-scale calibration at Pauni G&D site. 
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Fig. 13 Comparison of SWAT simulated and measured monthly flow for 

monthly time-scale calibration at Pauni G&D site. 

 

 

Fig. 14 Scatter plot of SWAT simulated and observed flow at monthly time-

scale (SMC) at Pauni G&D site. 
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Fig. 15 Comparison of SWAT simulated and measured monthly flow for 

daily time-scale calibration at Rajegaon G&D site. 

 

 

Fig. 16 Comparison of SWAT simulated and measured monthly flow for 

monthly time-scale calibration at Rajegaon G&D site. 
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Fig. 17 Scatter plot of SWAT simulated and observed flow at monthly time-

scale (SMC) at Rajegaon G&D site. 

 

RESULTS, ANALYSES AND DISCUSSIONS 
 

SWAT simulations of runoff have been derived for the period 1969 to 2005 

after carrying out an elaborate calibration process to fine tune the various model 

parameters. It merits mention that calibration is based on the flow observations 

that were available only for the period 1991 to 2004 and, once calibrated for this 

period, the same model setup is deemed to be appropriate for the simulation 

horizon prior to 1991. For brevity, however, results are presented only for the 

three year window from 1st January, 2002 to 31st December, 2004. Figure 18 

presents a comparison between generated daily scenarios for three years from 1st 

January, 2002 to 31st December, 2004 and correspond to (i) the virgin (green 

trace) and (ii) the future (red trace) conditions. Similarly, Figure 19 presents a 

similar comparison on a monthly scale between (i) the virgin (green trace), (ii) 

present baseline (blue trace) and (iii) the future (red trace) conditions. 
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Figure18.Daily outflow variation for the Wainganga basin in Virgin and 

Future condition 

 

Figure19.Monthly outflow variation for the Wainganga basin in Virgin, 

Present and Future condition 
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These figures show a comparison between stream flow regimes for the three 

indicated developmental scenarios. With the commissioning of projects namely 

(i) Totladoh, (ii) Kamtikheri, (iii) Ramtek, (iv) Itiadoh, (v) Sirpur, (vi) 

PoojariTola and (vii) AsolaMendha, the annual mean flow at the basin outlet 

shows a reduction from 39192.54 MCM to 14103.35 MCM. We can see here 

that it has come down to around one third of the total volume which was 

previously available. Additionally, construction of reservoir projects namely (i) 

Gosikhurd and (ii) Sanjay Sarovar, the annual mean flow at the basin outlet, as 

simulated by the hydrologic model, shows a further reduction of annual flow to 

7005.44 MCM. 

Further, with an additional projected demand for 1155.14 MCM of water 

expected to be made by the various thermal power plants that are at various 

stages of the approval process, there would be a further reduction of the 

available water in this area and management of the facilities, with any stated 

dependability level would require storage capacities to be created to regulate for 

dependable flow.  

CAVEAT 

Finally, with regards to the future status of water resources availability within 

the Wainganga basin, the study incorporates only irrigation and thermal power 

related water demand and has not considered other industrial demands for water 

resources.  
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