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ABSTRACT: 
The present study is an attempt to assess 

the impacts of climate change on water resources 

of the river basins of India which have immense 

importance in domestic, industrial agricultural 

and hydropower scenario. A distributed 

hydrological model developed from HEC-HMS 

was used on the Indian river basins using the 

projected daily precipitation and temperature 

data for the continuous daily range for the period 

of (2010-2040), (2041-2070) and (2071-2100) 

generated based on ERA-15 SRES run of PRECIS 

model using Met Office Hadley Centre Regional 

Climate Model as supplied by IITM, Pune with 

baseline (1961-1990) for A2, A1B and B2 scenarios 

without sulphur cycle with grid spacing 0.440 

latitude x 0.440 longitude. The future estimation 

of runoff was done by HEC-HMS model and the 

estimated runoff was fed to the water budget 

equation for determination of water availability. 

The green water, water sequestration, virtual 

water and water footprint was calculated from the 

estimated water availability. A synthesis of proper 

prediction of the future scenario as regards the 

quantum of surplus and deficit basins  for the 

rivers basin of India have been identified and 

possible notional inter basin transfer has been 

discussed without considering the intricacy of 

ecological, environmental and political constraints.  
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I. INTRODUCTION: 
The total area of India can be divided into 

19 major drainage basins with varying per capita 

water supply. Water demand also varies substantially 

among basins. The Indus and the Ganga basins with 

48 percent of the total population of India utilize 

about 57 percent of the total primary withdrawals of 

water resource, of which sector wise irrigation has 

the largest allocation. Shortage of fresh water is 

becoming limiting factor in the economic and social 

development of many countries. Under these 

conditions the reliable assessment of water resources 

is extremely important [17]. The Intergovernmental 
Panel on Climate Change estimates that up to 2 

billion people may be at risk from increasing water 

stress by the 2050s, and that this number could raise  

 

 

to 3.2 billion by the 2080s, Climate change, we are 

told, will cause water shortages [4]. 

Due to rapid urbanization increase in demand is 

projected for the industrial sector also [29, 22]. 

Because of the expected priority given to domestic 

use and industrial use, the water scarce basins will 

have to transfer water from their agriculture use. This 
difficult situation can be overcome if one agrees to 

transfer basin transfer from water surplus areas to 

water scarce areas. 

Recent documentation provides convincing evidence 

on the impact on natural system by climate trends in 

20th century [13]. The impact of climate change on 

water resources through increased evaporation (due 

to global warming) combined with regional changes 

in precipitation characteristic (such as total amount, 

variability, frequency of extremes) has the potential 

to affect runoff, frequency and intensity of floods and 
droughts, soil moisture relation, water availability for 

irrigation and hydroelectric power generation. 

Different regions can sustain populations of different 

sizes (i.e., with different carrying capacities, 

depending on climate, amount of land and water 

resources allocated to agro ecosystems, and the type 

of diet [9, 14]. Quantitative measure of the 

globalization of water resources is provided [9, 12]. 

Most of the rains in India fall within 3 to 4 months in 

the monsoon period. The average rainfall in the four 

months- June to September of the south-west 

monsoon is about 935 mm. The rest of the eight 
months receive on average only about 280 mm of 

rainfall [7].  Some even claim that almost all the 

annual rain falls within 100 hours [1]. Capturing the 

abundant south-west monsoon for beneficial 

utilization in the other period is an enormous task. 

This is especially true with the wide variation of 

spatial distribution of rain fall. The spatial variation 

of water availability is crucial in proper demand 

management. The Ganga-Brahmaputra-Meghna 

(GBM) system is the largest river basin in India with 

a catchment area of about 110 Mha, which is more 
than 43% of the cumulative catchment area of all the 

major rivers in the country. 

The primary objective of this work was to analyze the 

spatial variation of water supply and demand across 

the flood prone river basins in eastern and north 

eastern, India. We identified basins, which are water 

scarce due to inadequate water supply or due to 

mismatches between demand and supply. We also 
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identified issues, which are important for meeting the 

food needs and their implications for future water 

resources development and management. Water 

requirements for food production exceed by far all 

the other water needs [9].  

A river basin is an ideal analytical unit for water 

supply and demand studies.  The water availability of 
the Indian River basins are already comprehensively 

studied [7]. However, most of the data required for 

water demand estimation was collected and policy 

decisions taken at the administrative boundary level. 

Thus demand projection studies, even at sub national 

level use administrative boundaries as analytical units 

[18]. Therefore, the effort in this paper to assess the 

river runoff in the flood prone systems of eastern and 

north eastern river basins of India using HEC-HMS 

model in the continuous slices data for the period of 

(2010-2040), (2041-2070) and (2071-2100) for A2, 

A1B and B2 scenario based on PRECIS model 
collected from IITM, Pune with baseline (1961-1990) 

without sulphur cycle. This is even more important in 

today‟s increasing focus on Integrated Water 

Resources Management in eastern and north eastern 

river basins. 

 

II. MATERIALS AND METHODS:  
 

HEC-HMS MODELLING 
The hydrologic simulation package HEC-

HMS has been used for the evaluation of hydrologic 

impact of climatic variability on water resources of 

ten important eastern and north eastern river basins in 

India [32]. The HEC-HMS (HEC-HMS, Version 

2.2.2., 2000) is the US Army Corps of Engineers‟ 

hydrologic modelling system and was developed by 

the Hydrologic Engineering Centre (HEC). The 

hydrologic model simulates the precipitation-runoff 

and routing processes, both natural and controlled. 

The use of model requires input of daily/hourly 
rainfall, soil condition at the micro-watershed level 

and hydro-meteorological data. Monthly precipitation 

observations were used from the most recent version 

of the Global Historical Climatology Network [34]. 

The historical data for the basins will be used for the 

calibration and validation [27]. Figure 1 depicts the 

spatial variation of the maximum values of the 

different indicators found in the baseline scenario. 

The use of the model requires input of daily rainfall, 

soil condition and hydro meteorological data. 

Potential evapotranspiration has been calculated by 

using Thornthwaite Method. The “Thornthwaite 
(1948) method” , based on knowledge of the 

temperature and latitude, is traditionally used to 

calculate [6]. 

 

Daily rainfall data and stream flow data for a period 

of thirty years (January 1961 to December 1990) for 

the river basins of eastern and north eastern India 

were used for the calibration and validation. 

Calibration factors for CTL were calculated using the 

entire 2000-yr integration [6]. The calibration error, 

expressed as a percent difference of simulated 

discharges with respect to observed discharges, were 

found to lie within the range of 0.2% to 20% for all 

the eastern and north eastern river basins [26].  

 
The future projection of climatic variables was 

collected from the PRECIS climatic model, future 

groundwater was estimated from [10] groundwater 

recharge model and future land use as well as soil 

characteristics was collected [15]. Future trend of 

industry was estimated based on the trends proposed 

by [5] whereas Future trend of forest cover was 

estimated based on the trends proposed by [33]. The 

trends proposed in [25] were applied to the local 

population of river basins to estimate the trends of 

population change over 2010 to 2100 time slice. The 

grid spacing in PRECIS is 0.440 latitude x 0.440 
longitudes. Because of the irregularity in station 

distribution, gridding is needed to reduce regional 

bias in area-averaged precipitation [11]. MODRAT 

through Watershed Modeling System was used for 

drainage delineation using GIS, Maps or building the 

modeling tree based input parameters. The study by 

[8] did not take a grid-based approach. 

 

Using the results of this analysis some basins were 

identified that are to be scared in the projected 

scenario for A2, A1B and B2 for the period of 2010 
to 2100 generated at IITM, Pune using Met Office 

Hadley Centre Regional Climate Model PRECIS. 

The future estimation of runoff was done by HEC-

HMS model and the estimated runoff was fed to the 

water budget equation for determination of water 

availability. The green water, water sequestration, 

virtual water and water footprint was calculated from 

the estimated water availability. 

 

III. RESULTS AND DISCUSSION:  
 

River Runoff: 

Runoff is a dynamic part of long term water 

reserves, and serves as a characteristic of potential 

renewable water resources, not only of rivers proper 

but also of lakes, reservoirs and glaciers. The total 

global runoff averages (excluding the ice flow of 

Antarctica) 44,500 km3 per year [17]. River Runoff 

of eastern and north eastern river basins in India in 

three different scenario (A2, A1B and B2) were 

estimated by using HEC-HMS Model directly 
derived from daily meteorological data from PRECIS, 

2040 and 2070 from monthly climatic data predicted 

by pattern scaling approach [28]. It is not hard to 

identify quantitative relationships between total 

runoff and climatic factors [17]. 

 

Table 1 depict that the A2 and B2 scenario is more 

vulnerable than A1B in 2040, A2 was most 
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vulnerable in 2070 and A2 and A1B scenario was 

found to be more vulnerable than B2 in 2100. If 

different basins are compared, Ganga Downstream 

and Brahmaputra in A2, Mahanadi in A1B and B2 

was found to be more vulnerable than any other 

basins if river runoff is an indicator of watershed 

status. 
 

 
 

 
 

Water Availability: 

 

The water availability (WA) was calculated as per the 

water budget equation [31] which states that, 

 

 
 

Where P = Precipitation volume, Q = runoff volume, 

E = Evaporation volume, G = Groundwater outflow 

volume, T = Transpiration volume, ET = Potential 

Evapo-Transpiration, L = Basin Loss, p = Population 

of the sampling region. Evaporation (E) and 

Transpiration (T) could be collectively represented as 

Evapo-Transpiration (ET) and Groundwater outflow 

could be replaced by Basin Loss coefficient. The unit 
of water availability is taken as cubic 

meter/capita/year. Global circulation models (GCMs) 

have been used previously to investigate water 

availability [6].  

  

 
 

 

A2 is found to be more vulnerable in the year 2100 

and showed a continuous degradation of the 

watershed status but for B2 and A1B improvement 

was observed in 2100. It can be said that Gini co-

efficient may have direct relation with vulnerability 

but inverse relation with water availability. Since, 

population factor plays an important role in deciding 
vulnerability and calculating Gini co-efficient so both 

can be co-related with each other. Gini co-efficient is 

a measure of inequality of distribution [16]. Thus, 

Gini co-efficient is concluded to be maximum for A2 

scenario in the year 2100, which contributes to 

inequality with the other scenario. Gini co-efficient is 

calculated for each water use [30]. Ganga 

Downstream, Brahmaputra and SurmaImphal showed 

high vulnerability towards climate change among all 

the river basins of East and North East India in all the 

three scenarios. Mahanadi was found to have a 

similar vulnerability in A2 and B2 but not in A1B 
scenarios which represent positive status for the river 

based on water availability (Table 2). 

 

Virtual Water Availability: 

Virtual water is defined as the volume of 

water used in the production of a commodity, good or 

service, but not necessarily contained within, a unit 

mass of agricultural and industrial goods [9, 21]. 

Virtual water has a number of advantages apart from 

the strategic one of solving the current and growing 

water problem of the region [3]. On a dark Monday 
afternoon in November 1992, during a routine SOAS 

seminar, somebody used the term „virtual‟ water to 

describe the same concept [4]. The globalization of 

(virtual) water resources may prevent 

malnourishment, famine, and conflicts, its long‐ term 

effects on the coupled human natural system remain 

poorly investigated [12]. 

 

Through the long‐ range transport and globalization 

of virtual water, international trade is modifying the 

dependence of human societies on their regional 

water balance [9, 14].  Virtual Water was calculated 
from the data of industrial demand of the two river 

basins. Virtual water flows among nations are 

obtained [23]. If percentage annual demand for raw 

water from the industries of a location, were, say, V 

and annual water availability in m3 of the same 

location was WA, then amount of annual virtual 

water (VW)  in m3/year can be expressed as, 

 

 
 

where, m is month and Vh  and Vm is the high 

consumer and medium consumer of water 

respectively representing large and small scale 

industries which need water as raw material for 

production. The equation 2 implies that more the 

amount of virtual water more is the number of water-

dependant industry available in the region. Industrial 
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richness of a region can be well expressed by the 

amount of virtual water consumed in the region. 

 

 
 

A2 was found to be most vulnerable scenario where 

2010 and 2070 both time period show large scale 

degradation when availability of virtual water in East 

and North East India was compared. Brahmani, 

Brahmaputra and SurmaImphal catchment was found 

to receive the highest reduction of virtual water in A2 

and B2 scenario of climate change. But in A1B, only 

SurmaImphal was found to have the maximum 

negative change in total available virtual water. The 
results implied that industrial concentration will 

increase in South of East India and in North East and 

which, in turn, will reduce the availability of virtual 

water (Table 3). The globalization of water may 

allow for a disproportionate demographic growth in 

water‐ poor geographic areas, which would heavily 

depend on “flows” of virtual water from other 

regions of the world [12]. 

 

Water Footprint: 

The water footprint (WF) is defined as an 
indicator of water consumption that looks at both 

direct and indirect water use of a consumer or 

producer [2]. The water footprint represents the per 

capita consumption of fresh water in the 

manufacturing as well as service industries or 

producers and the consumers of their produce. The 

concept of „water footprint‟ provides an appropriate 

framework of analysis to find the link between the 

consumption of animal products and the use of the 

global water resources. The water footprint is defined 

as the total volume of freshwater that is used to 

produce the goods and services consumed by an 
individual or community [9].The water footprint of a 

location could be calculated in the following manner, 

 

If, f = percentage of annual supply of fresh water of a 

location, 

 

and fi = percentage of annual supply of fresh water to 

the manufacturing as well as service industries or 

producers of the location for maintaining their service 

and development of the products.  

 
And  pc = numbers of consumers for the produce of 

the same location, 

 

Then, Availability of Fresh Water = (WAxf) …..(3) 

 

Again, by using Equation.3, Fresh Water supplied to 

manufacturing and service industries for maintaining 

the development and servicing of their products can 

be calculated as, 

= (WAxf) x fi ……..(4) 

 

and from Equation.4, water footprint(WF)  in 
m3/capita/year can be calculated as, 

 

WF = [(WA x f)+{ (M, mmWA x f) x fi] / pc  

 

Or, WF = (WAx f) [{(1 + fi)}/ pc]…..(4(A)) 

 

From Equation-4(A), it can be observed that WF is 

inversely proportional to number of consumers. So 

WF can indicate the beneficial effects of industries as 

well as wastage of water. If water footprint of a 

region is less than the footprints of other regions of 

the catchment, then the region is said to be efficiently 
managing their water resource as more consumers are 

utilizing the industrial production and services of the 

region. But very low footprint of water can also 

imply the low supply of fresh water for direct as well 

as indirect use of water by the population living in 

the catchment. So, a very low footprint of water is 

also not a good indicator of optimal management of 

water availability.  

 

 
 

Similar to virtual water availability, A2 was the most 

vulnerable scenario where continuous reduction of 
availability of virtual water per capita per year was 

observed. In B2 and A1B scenario the same 

parameter showed an increasing trend. Although the 

increasing population in A2 the rate of which is 

greater than the other two scenarios can reduce the 

per capita availability due to increase in demand, the 

lower availability of water was identified as the main 

cause for showing such trend. Ganga (Downstream), 

Brahmaputra and SurmaImphal were found to be 

more vulnerable than any other basins for all the 

three scenarios. Although Brahmani features in the 
list of most vulnerable rivers of East and North East 

India in A2 and A1B scenarios, it is not that affected 

in B2 scenario. The increase in industry along with 

increase in population enforced the model to predict 

similar reduction of the parameter in A1 scenario 

(Table 4). 

 

Green Water Availability: 

The green water is defined as the amount of water 

consumed for agricultural production of a location. 



Pankaj Kr Roy, Asis Mazumdar / International Journal of Engineering Research and 

Applications (IJERA) ISSN: 2248-9622   www.ijera.com 

Vol. 3, Issue 1, January -February 2013, pp.954-961 

958 | P a g e  

 

Agriculture currently accounts for approximately 

69% of total water use and 89% of consumptive 

water use in the world [17]. 

 

The green water footprint refers to the rainwater 

consumed [23]. The calculation of green water could 

be performed by the following way, 
 

If, g= percentage contribution of soil moisture to total 

available water of the catchment, 

 

Then, green water, GW in m3/year could be 

expressed as, 

 

GW = f (g xWA) ……..(6) 

 

The amount of green water generally represents the 

agricultural productivity of a region. But a very large 

amount of green water will also indicate saturated 
catchments not conducive for crop production as too 

much consumption of water may rot the plant. So, 

very large amount of green water compared to other 

regions of the catchment is also not good for the 

watershed. Only, a moderate consumption of green 

water will indicate a healthy watershed. In recent 

years, there have been various attempts to assess 

global water consumption in agriculture at high 

spatial resolution [2, 17] made a global estimate of 

green and blue water consumption. 

 

 
 

A2 scenario was found to be more susceptible than 
the other two scenarios to the changes induced by 

global warming where a degrading trend was 

observed from 2040 to 2100 but in A1B scenario 

improvement of soil moisture was observed from 

2040 to 2100. In the B2 scenario the trend show 

deterioration in 2070 from 2040 but in 2100 the water 

holding capacity of the soil gets improved. If the 

basins of East and North East India were compared, 

Ganga Downstream, Brahmaputra and SurmaImphal 

showed the most deterioration but in A1B scenario 

SurmaImphal was found to be most susceptible to the 
climate changes. Erosion of soil, rampant land use 

change due to industrial growth can be contributed to 

the reduction of vegetation and soil moisture from the 

Ganga Downstream. The mountain topography of the 

North East is conducive for less soil moisture 

capacity. But the pinus and cycus species of the 

region can hold the soil water for a long time with 

their large roots. The large change in green water can 

be contributed to the large scale loss of vegetation 

predicted for the A2 scenario. In the other two 

scenarios the reduction of rainfall can be the cause 

for reduction of soil moisture (Table 5). 

Water Sequestration: 

 

The water sequestration capacity (WSC) of a region 

is defined as the maximum amount of water possible 
for consumption by the plant species in a location 

[24].  

 

The Water Sequestration Capacity of a region could 

be defined as the amount of green water available per 

square kilometer of vegetation [24]. The WSC could 

be calculated in the following manner, 

 

Let, percentage of soil moisture in an area of A km2 

is s, 

Let, basin area of the same region be A sqkm and 

percentage of vegetated area of that region is av, 
 

Then, WSC in m3/sqkm/year can be calculated as, 

 

WSC = WAx{s/(Ax av)} ……(5)  

 

 
 

The amount of water available per square unit area of 

vegetation was found to show a continuous 

degradation in A2 scenario and for both A1B and B2, 

but 2070- 2100 showed positive changes in the latter 

two scenarios which were conducive to increase in 

water productivity. Ganga Downstream, Brahmaputra 

and SurmaImphal was found to be more sensitive to 

climate changes than any other basins of East and 

North East India in A2 and B2 scenario although the 

severity of change is more in A2 than in B2. In A1B 

scenario, however, Brahmaputra becomes the most 
vulnerable to climate change where the severity was 

similar to A2 scenario. 

 

Water sequestration as discussed earlier is actually 

availability of soil moisture per square unit area of 

vegetation. The reduction in area of vegetation as 

predicted in A2 scenario can be the reason for the 

scenario becoming the most susceptible one to 

climate change. The IPCC Second Assessment 

Report noted that data and analyses of extremes 

related to climate change were sparse [21]. The 
reason for loss of water due to reduced rainfall 

predicted for the eastern and north east India by the 

PRECIS model can be attributed to the reduction of 

water sequestration in B2 scenario. As rainfall 
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change is moderate for the A1B scenario, increase of 

sequestration is predicted by the model in the said 

scenario (Table 6). 

 

IV. CONCLUSION: 
River runoff is a function of precipitation, 

landuse, soil type and topography etc. Again water 

availability largely depends on river runoff. Larger 

runoff will imply lesser availability of water in the 

catchment. In eastern India the problem of runoff 

largely causes the increase in soil erosion. Forest or 

vegetation can detain the runoff, absence of which 

may allow water to drain out of the basin with 

significantly small recharge. In north eastern India 

high slope causes runoff to increase but dense forest 

cover helps the catchment to hold the surface runoff. 

 
But in the future as considered in A2 scenario, the 

vegetation will slowly but rampantly vanish due to 

growth in industry and shortage of land to 

accommodate this growth. A disintegrated 

regionalized world was considered in the said 

scenario without any restrictions of emission law. So 

it can be estimated that destruction of vegetation and 

change in vegetation will be rampant and increase the 

deterioration of soil structure and water holding 

capacity of the basin. 

 
In B2 scenario, a world with strict implementation of 

emission law was considered but with no cooperation 

or interconnectivity between the countries. The 

simulation estimated from such scenarios will predict 

little less increase of runoff than the A2 scenario. 

Gini co-efficient is having direct relationship with 

river runoff as well as vulnerability. Thus Gini co-

efficient is also observed to be maximum for A2 & 

B2 scenario, A2 scenario, A1B scenario in 2040, 

2070 and 2100 respectively. But, water availability 

shows the just reverse relationship with Gini co-
efficient as the population plays a crucial role in 

determining both the water availability and Gini co-

efficient and water availability is inversely related 

with population. Lorenz curve is the cumulative 

proportion of water used by the cumulative 

proportion of global population [30]. 

 
Since water footprint is inversely related to number 

of consumer, indicating the beneficial effects of 

industries shows the probability of Gini co-efficient 

to be high. 

 

In A1B, however an integrated world with moderate 

restrictions on emission and medium growth in 
industry was predicted. The runoff in such conditions 

will represent catchment response due to normal 

climate. Using the climate change experiments 

generated for the Fourth Assessment of the 

Intergovernmental Panel on Climate Change, some 

aspects of the changes in the hydrological cycle that 

are robust across the models was studied [20]. 
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