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Abstract: The HEC-HMS model (Hydrologic Modeling System), developed by the Hydrologic Engineering
Center, USA (HEC) was evaluated for its applicability for the Damodar river basin in eastern India. Sensitivity
analysis of the model was carried out for the input parameters. The study revealed that both the peak discharge
and runoff volumes to be sensitive to rate of infiltration and percentage of impervious area. The Nash-Sutcliffe
model efficiency criterion, percentage error in volume, the percentage error in peak and net difference of
observed and simulated time to peak, were used for performance evaluation. The model demonstrated good
performance, with aforementioned performance indices values ranging from 75-81%, -10.5-19.4%, -18.0-29.6%
and 0-1 day for simulation of stream flow. Thus the model may be successfully applied to watersheds in the
Damodar river basin.
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INTRODUCTION through the two important coalfields and the mineral rich

Water resources development projects in a river states of, Jharkhand and West Bengal, the river ultimately
basin, especially major ones entail huge investments in drains into Hugli River. The four main multipurpose dams
terms of money and manpower and thus are needed to be located at Tilaiya, Konar, Maithon and Panchet and a
managed and operated in best possible manner and this barrage at Durgapur were commissioned during 1953-59
management issue is tied to various uses the resources is under the banner of DVC (Figure 2). In addition, a single
put to and to quantum of its availability. Hydrological purpose reservoir on the main stream of the Damodar at
models are tools used for studying hydrologic processes Tenughat (without provision of flood storage) was
in a river basin for estimation of its resource. In this constructed later in 1978. The demand in various sectors
background, a study on the calibration and evaluation of in the basin is met by regulating the flow through four
a watershed simulation model viz., Hydrologic Modeling dams namely (1) Maithon (2) Tilaiya on river Barakar (3)
System (HMS), developed by the Hydrologic Engineering Panchet on river Damodar (4) Konar on the river Konar
Center (HEC), USA [1] has been carried out for the upstream of Panchet dam. Mean annual rainfall in the
Damodar river basin in eastern India. basin is of the order of 1300 mm and about 80% of rain

Damodar river basin (Figure 1), measuring 23527.8 precipitates during the summer monsoon (June to
km , is an important sub-basin of the Ganga-Brahmaputra- September). The basin of the river upto Durgapur barrage,2

Meghna basin since India's first river development project measuring 19554.7 km  and lying between the latitudes
was Damodar Valley Corporation (DVC). The river 22°19 N and 23°25 N and longitudes 84°45 E and 87°15 E
Damodar and its three tributaries – the Bokaro, the Konar forms the study area for the present work (Figure 1).
and the Barakar – form one important tributary of the Management of the limited water resources in this basin
Bhagirathi-Hugli (a distributory of the Ganga) in its lower is a challenging task in the context of increasing
reaches. The Damodar rises in the Palamau Hills of the population and corresponding increasing demand of
Chotanagpur Range (Jharkhand state) at an elevation of water for irrigation, power generation, industry (including
about 609.6 m above mean sea level. After flowing mining activities) and municipal need in the basin.

areas of the region in the south-easterly direction in the
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Fig. 1: Damodar Basin

Fig. 2: Schematic diagram of the DVC system

The  objective  of  this  modeling  exercise  is to MATERIALS AND METHODS
develop rainfall-runoff  models  for  various  reservoirs
and  barrage  in  the  DVC  system  that   could   be  used The Survey of India toposheets 73J/5-6, 73J/10-12,
to  generate   corresponding   inflow   time   series  data 73J/14, 73J/16, 73F/15 and 73E/16 (1:50000) and 73E, 73F
that  would  be  experienced  in  the  basin  under a and  73J  (1:250000)  for  the  study  area were obtained
selected  set  of  hydrologic   conditions   for  evaluation from  the  office of The Survey of India at Kolkata.
of its integrated operation under aforementioned Gridded (0.5×0.5 degree) daily rainfall data and gridded
conditions. (1×1 degree) daily mean temperature data for the study

It may  be  noted  that   The   United  States period of 2002-2005 and encompassing the study area
Geological  Survey  (USGS) developed Precipitation were collected from National Data Centre, India
Runoff  Modeling  System  (PRMS)   of   the  Delaware Meteorological Department (IMD), Government of India
river basin above Trenton in USA to simulate the runoff (GoI), Pune. Other daily meteorological data such as
and generate inflow time-series data for the HEC-ResSim monthly  relative  humidity  (RH)  and  wind speed (WS)
model  (a  Reservoir  operation   Simulation   model)   for for  the  study period have been collected from the
the  Delaware  River  [2].  It may further be noted that to website http://www.india-wris.nrsc.gov.in for each
the best of our knowledge, no work on hydrological individual sub-catchment. Daily flow data spanning over
modeling has been reported for the Damodar river basin. the years 2002-2005 was collected from DVC, Maithon,
It is also to be noted is that the HEC-HMS model has been India. Satellite imagery data (IRS P6 with LISS III sensor)
considered a useful tool for spatial analyses at the of 2009 was collected from National Remote Sensing
watershed scale and has found wide application for a Center, GoI, Hyderabad. Soil resource map was collected
number of studies in various geographic regions of the from National Bureau of Soil Survey & Land Use Planning
world [3-9]. (NBSS&LUP), GoI, Kolkata.
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The HEC-HMS model is designed to simulate the The model evaluation procedure included sensitivity
precipitation-runoff process in a river basin. The program analysis, calibration and validation. The sensitivity
includes a variety of models for each phase of the analysis of the model was performed to determine the
hydrologic  cycle  [1].  For  the present study, runoff important parameters which needed to be precisely
depth was computed using Deficit and Constant Loss estimated  to  make  accurate  prediction  of basin yield.
method, Clark unit hydrograph technique with the peak The model was then calibrated for the identified sensitive
and time to peak computed by Snyder’s unit hydrograph parameters for years 2002 and 2003. The data sets for 2002
(UH) technique method was adopted to compute and 2003 were chosen for calibration because the weather
streamflow hydrograph. The constant monthly base flow conditions in these years were less extreme than in other
(varying only monthly) method was used to account for years.
the base flows. The criteria for model evaluation adopted for this

The work involved delineation of boundary of the study involves the following: percentage error in
river basin, using elevation contours extracted from simulated volume (PEV), percentage error in simulated
Survey of India toposheets and Goggle Earth v6.1.0.5001 peak (PEP) and net difference of observed and simulated
information system (Figure 1). The hydrological modeling time to peak (NDTP) as given below:
was carried out for the headwater sub-basins of Tilaiya,
Maithon, Konar and intermediate catchments of Maithon
and Panchet reservoirs and Durgapur barrage. The
headwater sub-basins are gauged at their outlets thus
allowing model calibration and validation. For downstream
reservoirs (viz., Maithon [10] and Panchet) and Durgapur
barrage where total River flows were measured at two
successive gauges, the intervening local flow data was The prediction of overall performance of the model
obtained from a study on DVC reservoir system carried was assessed using Nash-Sutcliffe model efficiency (EFF)
out by Saha [11] and was used for model calibration and criterion [13].
validation. Thiessen polygon method has been used to
determine the daily mean rainfall and mean temperature
over each sub-basin using the gridded data and Penman’s
method has been used to calculate the potential
evapotranspiration for the basin.

The parameters needed for the deficit and constant where Vol  and Vol  are the observed and computed
loss method (maximum deficit, constant rate of infiltration runoff volume, respectively, in cum; Q  and Q  are the
and  percentage of impervious area) were estimated using observed and computed peak discharge, respectively, in
land use, land cover and soil information. Satellite cumec; T  and T  are the time to peak of observed and
imageries  of  the basin were used [12] to classify each computed discharged, respectively, in hour; Q  and Q
sub  basin into four land use and land cover classes are the i  ordinate of the observed and computed
(water body, agricultural land, grass land and forest) discharge, respectively, in cumec; and  is the mean of
using Geomatica FreeView v10.3 software. The the ordinates of observed discharge in cumec.
NBSS&LUP soil database groups and maps soils that The  PEV  value  measures  the  deviation  between
have similar properties, giving the group specific map unit the simulated and the observed volume of stream flow.
names. The soil texture class extracted from the The NDTP and the PEP values measure the average
aforementioned information was used as the identifier of absolute time lag and the percent deviation between the
a soil’s physical properties, for estimation of soil simulated and observed peak flows, respectively. The EFF
parameters of the deficit and constant loss model. The values can vary from 0-1, with one indicating a perfect fit
standard lag parameter for the Snyder’s UH technique of the data. According to common practice, simulation
was estimated from extracted information on basin and results are considered to be good for values of EFF
drainage network. The UH peaking coefficient parameter greater than or equal to 0.75, while for values of EFF
was found via calibration. The storage coefficient as between 0.75 and 0.36 the simulation results are
required by Clark’s method was estimated via calibration. considered to be satisfactory [14].

0 c

po pc

po pc

oi ci
th



World Appl. Sci. J., 31 (12): 2148-2154, 2014

2151

RESULTS AND DISCUSSION Nash-Sutcliffe model efficiency values were better for the

Both the peak discharge and runoff volumes were obtained for the daily periods (Table 1). For some cases of
found to be most sensitive to rate of infiltration for the monthly simulation, the model performance was
Tilaiya, Konar, Tenughat, Maithon, Panchet sub-basins reasonably  satisfactory  with  EFF  values  lying  within
whereas peak discharge and runoff volumes were found 56-73%.
to be most sensitive to percentage of impervious area for Estimated mean flow and standard deviation (SD)
Durgapur sub-basin as was seen by changing the values of flows (Table 2) for sub-basins were found to be
parameter by ±1%, ±5%, ±10%, ±15% and ±20% in close agreement with the corresponding observed
respectively. Percentage of impervious area was found to values (range of discrepancy being -0.3-14.0% and -19.3-
be the  second most sensitive parameter for Tilaiya, 22.4%) during calibration phase. The discrepancy of
Konar, Tenughat and Panchet sub-basins. The Snyder’s 33.3% and 31.6% in mean values and that of 38.4% and
peaking coefficient parameter and rate of infiltration was 36.2% in standard deviation values for Tilaiya and
the second most sensitive parameter for the Maithon and Durgapur sub-catchments have been found to be slightly
Durgapur sub-basins respectively. Catchment models higher than the acceptable levels of ±20% accuracy for
have been reported to be very sensitive to infiltration hydrologic simulations [17]. Thus the results indicate that
parameter [15]  and  rate  of  infiltration  parameter of overall estimation of streamflow by the model during the
HEC-HMS model was identified as the most sensitive calibration period is satisfactory and therefore may be
parameter for simulation of streamflow of Tunga-Bhadra accepted for further analysis.
River, India by [16]. Figures 3(a-b) show a time-series The calibrated model was then used to estimate daily
comparison of simulated and observed daily streamflows streamflow from the sub-basins for the years 2004 and
for the Maithon, Panchet sub-basins for the calibration 2005. The observed and simulated hydrographs for
period. The peak values of the simulated flow match Maithon and Panchet sub-basins for these validation
reasonably well with the peak values of measured flow. years have been shown in Figures 4(a-b). The model
However, the model under-predicts most peak flows for under-predicts most peak flows for the sub-basins.
the sub-basins (hydrographs for all sub-basins are not Hydrographs for all sub-basins are not shown here.
shown here). Again from Figures 3(c-d), the monthly Again, the monthly streamflow patterns [Figures 4(c-d)]
streamflow patterns depict an overestimation of flow in depict an overestimation of flow in June in all sub-basins
June  in  all sub-basins excepting Konar and Tenughat excepting Konar and Tilaiya sub-basins in 2005 and 2004
sub-basins in 2002 and an underestimation of flow in respectively during validation phase of the simulation.
September in all sub-basins excepting Konar sub-basin The performance measures for the sub-basins for the
during calibration phase of simulation. validation years are shown in the Table 3. The PEV values

The performance measures of the model for daily for the sub-basins were found to lie between -10.55-
flows the calibration years for the sub-basins are shown 19.44% during validation phase. The PEV value of -31.27%
in Table 1. The PEV values for the sub-basins were found for Tenughat sub-basin for one validation year is close to
to lie between -19.48-20%, exception being one year for acceptable levels ±20% of accuracy for simulations
Tilaiya sub-basin with PEV of 29.11% wherein PEV values models. Again, PEP values for the sub-basins were found
were found to exceed the acceptable levels of ±20% to lie in a range of -18-29.6% with four cases exceeding the
accuracy for hydrologic simulations [17]. The PEP values range. The NDTP values have always been found to be
were  found  to  lie  within  a  range of 18.5-33% for the zero for all the sub-basins excepting for one year in the
sub-basins with three cases exceeding this range. The Tilaiya sub-basin with a NDTP value of one day. The
NDTP values have always been found to be zero for all performance of the model was good with EFF values lying
the sub-basins. within 75-82% during validation phase excepting a few

The performance of the model was good in terms of cases in which the model performance was reasonably
Nash-Sutcliffe model efficiency (EFF) values lying within satisfactory with EFF values lying within 37-52%. The EFF
80-88%  during  calibration phase excepting some cases in values were better for the monthly predictions (range
which the model performance was reasonably satisfactory being 77-94%) than those obtained for the daily periods
with EFF values lying within 36-62%. As expected, the (Table  3).  A  comparison of mean and standard deviation

monthly predictions (range being 81-92%) than those
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Table 1: Performance measures of the model for the calibration years for the sub-basins
Sub-basin Tilaiya Konar Tenughat Maithon Panchet Durgapur
Performance Measures 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003
PEV 29.11 -9.83 -19.48 8.82 11.23 3.24 16.99 11.07 -12.54 -5.39 19.62 20.55
PEP 28.48 18.48 19.32 29.7 28.86 21.37 57.52 19.86 45.84 31.59 57.89 33.2
NDTP 0 0 0 0 0 0 0 0 0 0 0 0
Daily EFF 0.55 0.85 0.58 0.88 0.62 0.80 0.34 0.80 0.36 0.48 0.29 0.50
Monthly EFF 0.56 0.86 0.60 0.89 0.63 0.81 0.80 0.92 0.73 0.87 0.77 0.78

Table 2: Statistics of simulated and observed daily flows during calibration and validation period for all sub-basins
Sub-basin Tilaiya Konar Tenughat Maithon Panchet Durgapur
Statistics (cumec) Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Calibration period Simulated flow 5.6 17.0 12.3 25.3 50.6 167.9 63.3 127.6 50.7 125.6 32 49.5
Observed flow 8.5 27.6 12.2 25.6 54.5 140.8 73.6 164.4 45.9 107.3 46.9 77.6

Validation period Simulated flow 5.8 22.9 13.4 22.4 42.9 115.9 48.0 142.1 34.4 75.6 32.7 67.6
Observed flow 6.4 30.1 12.7 25.2 36.9 96.8 55.6 185.7 33.8 95.2 40.5 82

Table 3: Performance measures of the model for the validation years for the sub-basins
Sub-basin Tilaiya Konar Tenughat Maithon Panchet Durgapur
Performance Measures 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005 2004 2005
PEV 19.40 17.22 -0.13 -10.55 -31.27 -2.39 19.30 6.31 -2.83 1.71 17.60 8.93
PEP 29.59 59.39 -18.05 24.50 -16.00 15.20 29.56 25.34 24.21 77.43 33.24 51.22
NDTP 0 0 0 0 0 0 0 0 0 0 0 0
Daily EFF 0.36 0.53 0.34 0.50 0.37 0.79 0.75 0.38 0.82 0.24 0.77 0.37
Monthly EFF 0.79 0.70 0.77 0.63 0.87 0.84 0.88 0.94 0.84 0.89 0.78 0.58

Fig. 3: Observed and calibrated hydrographs of (a) Maithon and (b) Panchet sub-basins for 2002-03

Fig. 3: Observed and calibrated hydrographs of (c) Maithon and (d) Panchet sub-basins for 2002-03
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Fig. 4: Observed and validated hydrographs (a) Maithon and (b) Panchet sub-basins for 2004-05

Fig. 4: Observed and validated hydrographs of (c) Maithon and (d) Panchet sub-basins for 2004-05

values of estimated daily flows with those of observed 0-1 day, respectively, indicating a good performance of
flows revealed a reasonably good agreement (deviation the model for simulation of stream flow. With the limited
being -16-19% and -20-24% respectively) for the sub- field calibration, the model performed good (77-92% and
basins during validation phase (Table 2). Thus, the results 77-94%) for the monthly flows for calibration and
indicate that the model could predict the runoff for the validation periods and also (80-88% and 75-81%) for the
study basins with marginal deviation as discussed above daily flows for calibration and validation periods. Thus
for the study years. the study show that the calibrated model performs well in

CONCLUSION watersheds in the Damodar river basin.
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