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Water resources of country constitute one of its vital assets. Water sustains aquatic biodiversity, 
economic development and ecological integrity of environment. Water is a powerful indicator of 
ecological sustainability and economic prosperity. The country receives average annual rainfall of 4000 
billion cubic meters (BCM). The rainfall of India show highest spatial and temporal variation of about 
100 mm year

-1
 at Jaisalmeer (Rajasthan) to 11,690 mm year

-1
 in the Mousinram, India. The total average 

annual flow per year for the Indian rivers is estimated as 1955 km
3
. The annual utilizable surface and 

ground water resources of India are estimated as 690 and 396 km
3
 per year respectively. With rapid 

growing population and improving living standard, the pressure on our water resources is reducing day 
by day and leading the problems of flood and drought syndrome, climatic change effects on 
precipitation and water resource availability. There is an urgent need, to adopt the innovative water 
conservation technologies such as sprinkle and drip irrigation in agricultural ecosystem, rainwater 
harvesting system, biodrainage to check water logging and salinity. This paper describes the 
availability and demand of water resources in India as well as the various issues and water 
conservation management strategies for developing a holistic approach for sustainable development 
and management of the water resources of the country. 
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INTRODUCTION 
 
Water is the most precious gifts of the nature to mankind; 
the terrestrial ecosystem cannot function without it. All life 
and peripheral activities are ceased without water. Water 
sustains aquatic biodiversity, economic development and 
ecological integrity of environment. We use renewable 
freshwater for drinking, irrigating the crops, and industrial 
uses, transportation, recreation and waste disposal. 
Water is a powerful indicator of ecological sustainability 
and economic prosperity (Anonymous, 2002; Singh et al., 
2006). The 70% of the earthsô surface is covered with 
water but in reality 97.3% of  total  water  on  the  earth  is 
 

saline and only 2.7% is available as fresh water (Figure 
1). About 77% of this fresh water is locked up in glaciers 
and permanent snow and 11% is considered to occur at 
depths exceeding 800 m below the ground, which cannot 
be extracted with the technology available today (CGWB, 
2007). About 11% of the resources are available as 
extractable groundwater within 800 m depth and about 
1% is available as surface water in lakes, reservoir and 
river systems. On the basis of the available water 
resources, the total irrigation potential from surface and 
groundwater resources is estimated to be  140  Mha  that 
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could be further enhanced by an additional 35 Mha after 
the inter-linking of rivers materializes (Singh, 1999, 
2002). 

The global renewable water supply is about 7000 m
3 

per person per year. For adequate living standards as in 
the western and industrialized countries, a renewable 
water supply of at least 2000 m

3
 per person per year is 

necessary. As per the international norms, if per capita 
water is less than 1700 m

3
 per year then the country is 

classified as ñwater stressedò and if it is less than 1000 
m

3
 per year than the country is classified as ñwater 

scarceò (Gosain et al., 2011). So, globally the renewable 
water supply is enough to meet the requirement for at 
least three times the present world population, but water 
shortages occur due to imbalances between population 
and precipitation distribution. The world has ñwater haveò 
areas like Africa and USA, which constitutes one third of 
land mass, while remaining two third areas are semi arid 
and arid (Vision, 2030). 

 
 
Water resources scenario of India 

 
India has total geographical area of 329 million hectares 
which is about 2.5% of the worldôs land; India supports 
more than 17% of the world population and 15% of 
livestock with only 4% of the worldôs fresh water 
resources (Singh and Khanna, 2002; MOWR, 2010). The 
country receives average annual rainfall of 1194 mm with 
a spatial variation of about 100 mm/year at Jaisalmeer, 
Rajasthan in western regions to 11,690 mm/year in 
Mousinram, Cherapunji of North-eastern region of India. 
With 4000 billion cubic meters (BCM) of annual rainfall, 
average runoff generated is only 1869 BCM. Due to 
various constraints about 1122 BCM of water can be put 
to beneficial use of which 690 BCM is through surface 
water and 432 BCM by groundwater (Table 1). 

 
 
Declining trend of per capita water availability 

 
Per capita per year water resources of the country has 
been continuously declining from 5176 m

3
 in 1951 to 

4732 m
3
 in 1955, 2200 m

3
 in 1991, 1869 m

3 
in 2001 and 

1703.6 m
3 

in 2007. The population of India is expected to 
stabilize around 1640 million by the year 2050 as a result 
of which the per capita water availability will further 
decline to 1140 m

3
/year (Table 2) and most parts of the 

country would be under stress(CGWB, 2007; Vision, 
2030). 

Water is the elixir of life and is necessary for 
protoplasm structure. It occurs in the atmosphere in three 
physical states, namely: solid (snow, hail, sleet and ice), 
liquid (rain, water droplets) and gas (water vapour). The 
gaseous state of water regulates the atmospheric 
moisture dynamics. When there is enough moisture in the 
atmosphere, it condenses to form  haze,  fog,  cloud,  rain 
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or snow. Water sustains aquatic as well as terrestrial life, 
biodiversity, economic development and the ecological 
integrity of environment. We use renewable freshwater 
for drinking, irrigating the crops and industrial uses, 
transportation, recreation and water disposal. The water 
is powerful indicator of ecological sustainability and 
economic prosperity of any society. 

 
 
MAJOR POOLS OF WATER 

 
About three-forth of earthôs surface is occupied by 
oceans containing 97.5% of earthôs water, which is salty 
and not usable. Fresh water resources are finite upon 
which we depend for survival. It is about 2.5% of the total 
global water that is, about 35 million km

3
 only. Most of the 

freshwater is either in the form of permanent ice or snow 
in Antarctic/Arctic region (about 69.55%) and is not 
readily available for use (Shiklomanov, 1998). About 30% 
of fresh water is stored under ground in the form of deep 
aquifers/basins soil moisture, etc., where as less than 1% 
occurs in lakes, marshes, wetlands and rivers and only 
0.1% occurs in the atmosphere as water vapour (Figure 
1). 

 
 
THE RENEWABLE AND USABLE WATER 

 
Total usable freshwater supply to ecosystem and humans 
from river system, lakes, wetlands, soil moisture and 
shallow ground water is less than 1% of all freshwater 
and only 0.01% of the global water resources on earth. 
As per WHO estimates, only 0.007% of all water on earth 
is readily available for human consumption all over the 
world indicating that freshwater on earth is quite finite. 
The renewable and usable water consists of only the 
water flowing through the solar-powered hydrological 
cycle while fossil ground water is non-renewable fresh 
water. Postel et al. (1996) emphasized that the amount of 
precipitation on land (Pland) is the amount of terrestrial 
renewable fresh water (RFWS), which subdivides into 
evapotranspiration from land (ETland) and runoff to sea 
(R). 

 
Thus, RFWSland = Pland + ETland + R 

 
The accessible runoff totals at 12,500 km

3 
yr

-1
, 

representing 0.001% of the estimated global water. The 
difference between precipitation and evaporation from the 
land surface (119,000 to 74,200 = 44,800 km

3 
yr

-1
) 

represents the total runoff of the earthôs rivers (42,700 
km

3 
yr

-1
) and direct ground water runoff to the oceans 

(2,100 km
3 

yr
-1
, Figure 2) with uncertainties in estimates 

on account of different reasons (also see Sophocleous, 
2004; Singh et al., 2006).  

In India, the annual rainfall varies  from  about  310 mm
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Figure 1. Global freshwater distribution (Shiklomanov, 1998). 

 
 

 
Table 1. Water resources of India. 

 

S/No. Parameter Quantity (BCM) % of precipitation 

1 Annual precipitation (including snowfall) 4000 100 

2 Evaporation + groundwater flow 2131 53.3 

3 Average runoff generated in rivers 1869 46.7 

4 Estimated utilizable water resources 1122 28.1 

5 Estimated utilizable surface water 690 17.3 

6 Replesnishable groundwater  432 10.8 
 

Source: Kumar et al. (2005). 
 
 
 

Table 2. Per capita water availability in India (past, present and 
future). 
 

Year 
Population  

(in millions) 

Per capita water  

availability (m
3
) 

1951 361 5177 

1955 395 4732 

1991 846 2200 

2001 1027 1869 

2025 1394 (Projected) 1341 

2050 1640 (Projected) 1140 
 

Source: CGWB (2007). 
 
 
 
in western Rajasthan to over 11,400 mm in Meghalaya 
with an average value of 1170 mm for the entire country 
which amounts to 4000 Billion Cubic Meters (BCM). 
About 85% of this rainfall occurs during four to five 
months of the year. The average annual run-off in the 
rivers of the country is assessed as 1869 BCM, of which 
only    690   BCM   of  surface  water  can  be  beneficially 

harnessed through the presently available technology, 
while the total renewable ground water resource is 
estimated to be about 432 BCM. Thus the total annual 
renewable utilizable water resources of the country are 
put at 1122 BCM. In addition, about 200-250 BCM of 
water can be utilized through inter-basin transfers. On 
completing all the on-going and contemplated new 
projects, total storage capacity (excluding minor 
storages) of the country is likely to reach 382 BCM. 

Ground water is most precious and renewable water 
resource for the agricultural, domestic and industrial 
uses. It is well recognized fact that ground water plays a 
major role in increasing food production and achieving 
drinking water security. In India there is rapid growth in 
development of ground water resources. As per report of 
Central Water Commission (2000) there were 10.50 
million dug wells, 6.74 million shallow tube wells and 0.09 
million public tube wells up to March 1997. The number 
of total tube wells was highest in Uttar Pradesh (3.6 
million) followed by Tamil Nadu (1.64 million), Andhra 
Pradesh (1.43 million) and Madhya Pradesh (1.33 
million). The number of shallow tube wells roughly 
doubled every 3.7 years  between  1951  and  1991.  The
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Figure 2. Flow diagram of an analysis of human appropriation (that is, act of appropriating water to specific use 

or purpose) of renewable fresh water supply on land.RFWSland terrestrial renewable freshwater supply, 
ET=evapotranspiration, AR=accessible runoff (Singh et al., 2006). 

 
 
 
availability of ground water is varying from most potential 
aquifers of Indo-Gangetic-Brahmputra alluvium to the 
comparatively low yielding hard rock formations of 
peninsular India. The Ganga basin has the maximum 
utilizable resource base having 39% of the countryôs total 
area. 

Above statistics indicate that overall as such if trapped 
judiciously, water is not a limiting factor. However, IWMI 
(2000) report suggests that 40% of world population 
(Figure 3) will suffer from either physical water stress 
(yearly per capita water availability is < 1,200 m

3
 or 

economic water stress, means water is available but its 
development for use beyond the financial capacity) by the 
year 2025. The lack of water resources to meet daily 
needs is a reality for many people around world and has 
serious health consequences. In many areas, 
contamination of fresh ground water from external 
sources has posed severe water scarcity problem.  There 

are nearly half a million people in India suffering from 
ailments due to high concentration of fluoride and nitrate 
in drinking water. In some villages of Rajasthan and 
Gujarat level of fluoride is as high as 11 mg l

-1
. Arsenic in 

ground water has been reported in shallow aquifers from 
8 districts of West Bengal (Figure 2). 

Globally, water scarcity already affects 4 out of 10 
people (WHO, 2008). Since, water is not only a rare 
resource but its distribution is uneven and hence a threat 
to human life in many parts of the world, the necessity for 
an indicator to measure water scarcity was felt and 
attempts for a suitable indicator development were made 
continuously.  

Alcamo et al. (2000) proposed a criticality ratio indicator 
based on use and availability of water on global scale, 
and thereby developed scenarios that might be globally 
effective up to year 2075 (Figure 4). Here water use 
means water withdrawals for human consumption  during
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Figure 3. IWMI Water Scarcity Map (Source: IWMI, 2000). 

 
 
 

 
 

Figure 4. Water stress analysis based on the criticality ratio (Source: Alcamo et al., 2000). 

 
 
 
a year while availability is sum of run off and recharge 
during the period. According to this analysis, the higher 
the criticality ratio (range from 0 to 1.0) more will be the 
stress on water resources. From Figure 3, it can be 
judged that most of the desert areas of North Atlantic 
Middle Eastern (NAME) region, Midwest areas of USA, 
some of the highest population densities regions as 
China, India and coastal areas of USA suffer from critical 
ratio (0.4 to 0.8) of water stress. 

OVER-UTILIZATION OF SURFACE AND GROUND 
FRESH WATER 
 
As per FAO (2002) estimates, globally annual withdrawal 
of water for human use including ground water amounts 
to at least 3600 km

3
. Presently, human are using about 

54% of worldôs accessible freshwater contained in rivers, 
lakes and aquifers. Since 1950, the consumption has 
increased at 4 to 8% per year  as  a  result  of  population 


