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Abstract: Climate change, a change caused by human activities and natural variability, will have significant impact on 
frequency of extreme climatic events including intense storms, heavy rainfall, droughts, and an alarming rise in sea 
level. The purpose of this work is to study the effect of climate change on the streamflow pattern of Wainganga river 
basin by analysing the monsoon and non-monsoon flows for the near future (2020-2044). Variable Infiltration 
Capacity (VIC), a physically based macro-scale hydrological model is calibrated for optimum parameter sets obtained 
by trial and error method using observed meteorological data from India Meteorological Department (IMD) and 
observed streamflow from Central Water Commission (CWC). Statistically downscaled six Global Circulation 
Models (GCMs) have been used to predict the future global climatic Representative Concentration Pathways (RCPs) 
scenario 4.5 for the future time scale. The specific conclusions derived from the study reveals that the low flows as 
described by all the models have gone above the lower extreme of the observed streamflow during monsoon season. 
The high flow values in the monsoon as per the models are almost similar to that of the observed, except for two 
models. However, high flows during non-monsoon season show a significant increment as compared to the original 
series. Frequency analysis of ensemble mean of all the GCMs gives a similar return level for different return period as 
observed. 
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1. INTRODUCTION  

With the increase in impact of changing climate, it is essential to quantify the consequences at 
river basin scale for better and efficient planning and management of water resources (Das and 
Umamahesh, 2016). Therefore modelling the climate impact incorporates the simulation of Global 
Circulation Models (GCMs), tools those are designed to project the future changes in the 
atmospheric variables considering dynamic behaviour of the greenhouse gases at a larger scale 
(> 104 km2) (Ghosh and Mujumdar, 2008). However, these projections are not suitable to assess the 
impact at regional scale (Bates et al., 1998) and it leads to downscale the coarser scale projections 
to the finer scale by applying the downscaling technique. The alternation in the atmospheric 
circulation due to climate change in the form of change in fluxes of moisture and energy has 
immediate and prolonged effects on the land surface hydrology. In addition, Nijssen et al. (2001a) 
stated that though the present ecosystems and human activities are well adapted to the present 
climate, but with the pace of changing climate they may become more vulnerable. Hence, attempts 
have been made to evaluate the adverse effect on land hydrology for better risk management. Dan 
Yan et al. (2015) assessed the impact of climate change on the seasonal and extreme discharge of 
Pearl River in China and resulted in increased magnitude of high flows in the downstream part of 
the basin. Similarly Lu et al. (2013) examined the mean monthly and annual flows over Huang-
Huai-Hai region of China and found that runoff is more sensitive to the rainfall than temperature. 
The change due to anthropogenic activity in the form of land use change is evaluated by Dadhwal et 
al. (2010) over River Mahanadi of India and found an increase in the streamflow from 1972 to 2003 
as a result of decrease in forest cover. 

The broad objective of the present study focuses to assess the climate change impact on the 
seasonal variations on the streamflow in Wainganga Sub-basin of Godavari River and the specific 
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objectives are presented as follows. 
n Calibration and validation of three layer Variable Infiltration Capacity (VIC-3L) hydrologic 

model with respect to observed streamflow to obtain best match between observed and 
simulated streamflow. 

n Downscaling meteorological forcings for the period 2020-2044 using change factor method.  
n Simulation of future streamflow using downscaled meteorological forcings. 
n Assessment of impact of climate change on streamflow for the future period. 

2. STUDY AREA AND DATA USED 

Wainganga, which means ‘Arrow of Water’, is one of the major tributaries of the Godavari 
River. The Wainganga sub-basin (Figure 1) occupies the area between latitudes 19º 30΄ N and 
22º 40΄ N and longitudes 78º 0΄ E and 81º 0΄ E and about 16.45% of the total area of Godavari 
River basin. The annual precipitation varies between 900 mm to 1600 mm with most of the 
precipitation during south-west monsoon (June to October). The minimum winter temperature 
fluctuates from 7 °C to 13 °C and maximum summer temperature varies from 39 °C to 47 °C. The 
area is predominantly covered by fine and medium texture soil with clay and clayey loam as the 
principal soil types. The land use pattern mostly occupied with crop land and forest land.  

 

 Figure 1. Location of the study area. 

To calibrate and validate the VIC-3L model different meteorological variables are acquired from 
various sources. Meteorological variables such as precipitation, maximum and minimum 
temperature are obtained from the high resolution (0.5º x 0.5º) India Meteorological Department 
(IMD) gridded dataset from 1971-2005. The wind velocity for the same duration is prepared by 
using the data provided by the Princeton University (Sheffield et al., 2006). The observed 
streamflow data at the outlet of the Wainganga basin is procured from Central Water Commission 
(CWC), Hyderabad. To evaluate the effect of climate change on streamflow in the near future 
(2020-2044), the climatic variables are downloaded from the six different GCMs under the 
Representative Concentration Pathways 4.5 (RCP4.5) scenario. 
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3. METHODOLOGY 

To achieve the broad objective of the study the methodology is categorised into different stages. 
Initially the hydrologic model is calibrated and validated using the observed meteorological data. 
Next, the coarser resolution GCM outputs are downscaled to the finer resolution using statistical 
downscaling. Then the calibrated model is forced with the downscaled GCM outputs to project the 
streamflow during 2020-2044. 

3.1 VIC-3L - An overview 

The VIC model (Liang et al., 1994, 1996) is a macro-scale hydrological model, which simulates 
water and energy storages and fluxes. It is a grid based semi distributed hydrological model which 
quantifies the dominant hydro-meteorological process taking place at the land surface atmospheric 
interface. It incorporates spatially distributed parameters describing topography, soils, land use, and 
vegetation classes.VIC can accept any combination of daily or sub-daily meteorological variables. 
At minimum, VIC requires daily precipitation, minimum temperature, maximum temperature and 
wind speed to generate the streamflow. The VIC-3L is the modification of the VIC-2L by adding 
one extra thin surface layer for better representation of the bare soil evaporation process. Initially, 
the VIC generates runoff at each grid point, solving the water and energy balance equations, 
covering the study area accounting the heterogeneity in the land use and soil type. Then, it routs the 
generated runoff to the outlet of each grid point and finally to the outlet of the basin based on the 
stream network using the routing model (Chawla and Mujumdar, 2015) developed by Lohmann et 
al. (1998). 

3.2 Statistical downscaling – Change Factor method 

A variety of methods are available to estimate values of meteorological variables at future times 
and at spatial scales that are appropriate for local climate change impact assessment. Change Factor 
(CF) or delta method is commonly used to project the change in the climatic variables at regional 
scale. CF is one of the simplest methods to project the future changes modelled by GCM. Screening 
of potentially suitable predictors is not needed as the predictand and predictor need to be the same 
variable. 

There are two types of change factors, namely, additive or multiplicative. The additive change 
factor is computed by taking the arithmetic difference between a GCM variable derived from 
simulation carried over the historical period and derived from a future climate scenario at a GCM 
grid point. The future modelled values are obtained by adding this difference to the observed local 
variable. This method is usually used for modelling temperature (Anandhi et al., 2011). The 
multiplicative change factor is obtained by taking the ratio between GCM variable derived from 
future climate scenario and that derived from current climate simulation. The modelled future value 
is obtained by multiplying the change factor with the observed local variable. This change factor is 
usually used for modelling precipitation (Anandhi et al., 2011). 

In the present study, Change Factor method is used for downscaling climatic variables from 6 
GCMs. In the CF method, typically, monthly ratios are constructed for both the historical and future 
series, and climate change scenarios for precipitation, maximum temperature, minimum 
temperature and wind velocity are produced. For constructing the climate change scenario of each 
GCM, the equations used are: 
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where, ΔPi, ΔTi, ΔWi are the change factors for precipitation temperature and wind velocity 
respectively; P!"#,!"#,!, T!"#,!"#,!, W!"#,!"#,! are the long term average of precipitation, 
temperature and wind velocity simulated by the GCM in the future periods per month (1 ≤ 𝑖 ≤ 12) 
respectively and P!"#,!"#$,!, T!"#,!"#$,!, W!"#,!"#$,! are the long term average of precipitation, 
temperature and wind velocity simulated by the GCM in the base period for each month (1 ≤ 𝑖 ≤ 2) 
respectively. 

After calculating the change factors for different variables (Eq. 1-3), the change factor method is 
used to downscale the data. For obtaining time series of future temperature scenarios, the respective 
change factor is added to the corresponding observed values. Similarly the time series of future 
precipitation scenarios are obtained by multiplying the climate change factor to the observed values. 
In this study CanESM2, IPSL-CM5A-MR, MIROC-ESM, ACCESS1-0, GISS-E2-R and GFDL-
ESM2M model data are considered for downscaling, the equations used are: 

i OBS iP P P= ×Δ     (4)  

i OBS iT T T= +Δ  (5) 

i OBS iW W W= ×Δ   (6) 

where, POBS, TOBS, WOBS indicate observed IMD precipitation, temperature and wind velocity time 
series (daily) in the baseline period; P, T, W indicate time series of the future climate scenarios of 
precipitation, temperature and wind velocity respectively and ΔP, ΔT, ΔW indicate the respective 
climate change factors. 

Change factor methodology is used to calculate the future climatic scenario of precipitation, 
maximum and minimum temperature and wind velocity for each grid cell. This downscaled 
meteorological data obtained is used as an input to the VIC model for simulating the future 
streamflow.  

4. RESULTS AND DISCUSSION 

4.1 Model calibration and validation 

In the calibration process the optimum value of the parameters are obtained by the iterative 
method to make better agreement with the observed series. In the present study we have calibrated 
the model by altering different combination of parameters such as; the depths of second and third 
layer (d2, d3); three baseflow parameters (Ds, Dm, Ws); and infiltration parameter (binf). The 
efficiency of the model is examined by the Nash-Sutcliffe coefficient (E) and the correlation 
coefficient (R). 

For analysis, the historical data of 35 years from 1971-2005 is divided into 2 sets, i.e. 25-year 
data and 10-year data. The 25-year data is then divided into 4 sets, i.e., 1971-1995, 1973-1997, 
1975-1999 and 1978-2002, which are used for the calibration process. Subsequently the 10-year 
data is used for the model validation. Out of the above sets considered for both calibration and 
validation, the set that yields the maximum correlation coefficient and NSE value is taken as the 
baseline period for climate change analysis. Various calibrations, within the range specified for 
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each parameter by Xie et al. (2007), have been done in order to obtain the optimum value for each 
of the calibration parameters. Out of these calibration and validation sets we have found better E 
and R values for the calibration period 1978-2002 i.e., 0.909 (R) and 0.816 (E). And for the 
validation during (1971-1977) we have obtained 0.911 (R) and 0.772 (E), whereas during (2003-
2005) we have resulted 0.86 and 0.4 for R and E respectively. The comparison between the 
observed and simulated is presented in Figure 2. 

 

Figure 2. Comparison of monthly streamflow for the calibration and validation periods. 

4.2 Impact analysis on streamflow 

With the calibrated and validated VIC-3L model the downscaled atmospheric forcings from 
different 6 GCMs are given as an input to the model to project the streamflows during 2020-2044. 
To analyse the impact of climate change, an annual scale is divided into two main seasonal 
components (i.e. monsoon and nonmonsoon). The monsoon flow comparison between the baseline 
and future is presented in Figure 3. Along with the each GCM an ensemble mean is also calculated 
to minimize the uncertainty associated with each GCM. 

From the Figure 3, it can be noted that the lower extreme of monsoon flow as described by all 
the models have gone above the lower extreme of the observed monsoon streamflow. On comparing 
the results of lower extreme values obtained from the GCM Models, it can be seen that CanESM2, 
IPSL-CM5A-MR, MIROC-ESM and GFDL-ESM2M yield similar values. ACESS1-0 model 
predicts the smallest lower extreme value. The higher extreme values as per the models are almost 
similar to that of the observed values.IPSL-CM5A-MR and MIROC-ESM models predicted similar 
values which are less than the observed value and GFDL-ESM2M predicts the smallest of all the 
values. It is also seen that the GISS model clearly overestimates the values of both the higher and 
lower extreme flow. However, the ensemble mean suggests that there is no significant increase in 
the monsoon flows in the near future. Similarly the flows in the non-monsoon season are compared 
with observed and plotted in Figure 4. 
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Figure 3. Comparison between the observed and future simulated monsoon flows. 

 

Figure 4. Comparison between the observed and future simulated non- monsoon flows. 

Figure 4 depicts the box plot for the non-monsoon season. Here also, the low flows described by 
the models are all greater than the observed, the highest low flow being recorded by GISS-E2-R. 
ACCESS1-0, CanESM2, IPSL-CM5A-MR, MIROC-ESM and GFDL-ESM2M predicted similar 
values. However, there is greater variation in the case of high flow. It can be seen that higher 
extreme flow predicted by all the models are greater than the observed high flow. It is also 
interesting to note that the models ACCESS1-0, IPSL-CM5A-MR and MIROC-ESM share an 
almost similar plot. Furthermore, the ensemble mean of all the models projects a substantial 
increase in the non-monsoon flow unlike the monsoon flows. In order to evaluate the change in the 
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return levels under different return period frequency analysis is performed assuming the General 
Extreme Value (GEV) distribution. The obtained results are shown in Figure 5. 

 

Figure 5. Frequency analysis for different return periods. 

It can be observed that the discharge-return period relationship varies much with the type of 
GCM model used. While the data obtained from ACCESS 1-0 and MIROC-ESM give an 
underestimated discharge for different return periods, data from GISS-E2-R overestimates the 
discharge values. Results from CANESM2, GFDL-ESM2M and IPSL-CM5A-MR give discharge-
return period relationship closely resembling the observed relationship between discharge and 
return period.  

5. SUMMARY AND CONCLUSIONS 

In this study VIC-3L model is used to simulate historic as well as future streamflow of 
Wainganga River Basin. To analyse the impact of climate change on streamflow six GCM Models 
are considered under RCP4.5 scenario. Change factor methodology is adopted to downscale the 
GCM data. The downscaled meteorological variables are used to predict the streamflow for a period 
of 2020-2044. Frequency analysis is also carried out to analyse the discharge- return period 
relationship. 

The specific conclusions derived from the study are summarized below: 
n There are no significant variations in the monsoon flows are observed except the GISS-E2-R 

model. Whereas, the monsoon flows will remain constant with slight variations in the upper 
extreme as suggested by the ensemble average of all the six GCMs.  

n For the non-monsoon period the streamflow is significantly increasing with upper and lower 
extremes. 

n The return levels for different return periods show a decrease in the return levels for all the 
return periods except GISS-E2-R model.  
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