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Lecture - 03
Water Availability and Uses in India

Welcome. In the earlier lecture what we were primarily talking about was the global

water distribution and uses.
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If you recall, we ended the session when we were talking about the how the water uses
changes when we move from low and medium income countries to higher income

countries.
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So, that way this is what we were discussing you see the global water withdrawal, again
these are the estimated number available at a website. So, it suggest that the water
withdrawal as a percentage of total available water, because of the higher availability of
water is less than 10 percent in many of the European and this zones 20 to 10 percent

rangers; whereas the area that are more critical in terms of water availability and all that.

So, if you see the estimated number for 2025 says that around annual water withdrawal
or the percentage of water withdrawal totally would be more than 40 percent or in India
and of the order of 20 to 40 percent in the China in this zone that you can observe over

here anyway.
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IN D I A Basic statistics and population
Physical areas
‘Area of the counlry 2008 /TR0 ha
/ . Cultieated area (arable land and area under pemanent crops) 208 169320000 ha
General Information < 5%l Dol e ol oty e 2 %
» arable and (annusl cops e, falow +1emp. meadows) A08 158145000 ha
« area under permanent crops A0 1175000  ha
Population
Total population 2008 1181412000  inhabitarts
» ofwhich rural 8 no%
Popuition densty 208 %9 inhabiantskm®
Ecanomically active popultion 208 4240000 inhabitants
« 3% of ot populaton 28 0 %
o fomak i) B %
+ make 208 n %
Population econemically active i agricuure 208 61632000  inhabitants
« 25 % of tolal economically actve population 28 5 %
o fomak 00 2%
o ol A8 B %
Economy and development
Gross Domestc Product (GOP) (curment LISS) pii) 1310171 millon USSlyr
« vaks added i agricalus (% of GOP) 28 7%
+ GOPper capita 2008 108 USHhyr
Human Development Index (highest=1) ol 0519
Access to Improved drinking water sources
P Total population 208 8 %
Source: MoUD Urbn populaton 8 % %
B %
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So, let us come to India how things are managed in India because as you as we you are
just referring at that different countries based on their development status based on their
economy, based on the available resources, the water consumption practice, water use

practices are also different, water availability is of course, different.

So, the condition is not very bright for India as were apparent from the earlier or earlier
discussion. So, India these are some general information as per ministry of urban
development the total population in 2000 and 8. So, as per moud had improved drinking
water sources around 88 percent of population has drinking water sources the 96 percent
of urban and 84 percent of rural population has access to the improved drinking water

sources.

However, this access to drinking water resources does not mean the household level
water supply. So, when we say that access to safe drinking water source rural population
has it 84 percent rural population has access to safe drinking water sources, what is
primarily reflects that there are some clean water resources in the vicinity or in either in
the form of groundwater or surface water in the region that can feed into the 84 percent

of the population.

So, those kinds of estimates are there if you see the total population in all these numbers

GDP numbers are available over here.
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Water Scenario in India

v' Water Availability

* India has more than 17% of the world’s population, but has only 4% of
world’s renewable water resources with 2.6% of world’s land area.

*  Average annual precipitation ~ 4000 km?3 (75-80% of annual precipitation

during four monsoon months)
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Coming to the water availability; some key points that India has more than 17 percent of
world's population as of now. However, we have only 4 percent of world renewable
water resources and just 2.6 percent words land area. So, you see that dealing with more
around 17 percent of the total population. However, left with only 4 percent of water and
even less land; the annual precipitation in the India is estimated in order of 4000 kilo
meter cube of which; around 75 to 80 percent of the total precipitation of the annual

precipitation comes during the our 4 monsoon months starting from June to September.
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Water Scenario in India

v' Water Availability

+ Basinwise average annual flow in rivers ~ 1953 km?

+ Utilizable annual surface water ~ 690 km?

* Replenishable groundwater resources ~ 432 km?

== fiver basin boundaries
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Source: India's Water Future to 2025-2050, IWMI, 2007
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The Basinwise average annual flow in the rivers we have several river basin a major
river basins major river basins various minor river basins or sub basins that way that one
can see in the image here resource from India’s water future IW MI report published in
2000 and 7 the ganga river basin which is the largest river basin that way and there are
various the sub river basin there are different amount of water storage capacity in the
different basins that we will talk about if we see the average. So, Basinwise annual
average flow in the rivers in India is close to 1950 kilo meter cube, where as utilizable
annual surface water is little under then 700 kilometer cube the ground water resources

Replenishable groundwater resources are around 430 kilometer cube.
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Water Scenario in India

v’ Water Distribution

* There are further limits on utilizable quantities of water owing to uneven

distribution
+ Basin wise per-capita water availability varies from 13,393 to 300 m3/year

* Available water/capita/year decreased from 6008 m? in 1947 to 2384 m3in
2000.
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So, that sort of the total water we have into the different utilizable forms either in the
surface or in the subsurface; however, there are for the limits on utilizable quantities of
water owing to it is non-uniform distribution, water is not distributed again uniformly
over the country as we have seen the global picture where water was not distributed
uniformly across the globe. So, if we go on country scale. So, same thing we can see here
that the water is not the available water is not distributed uniformly across the country.
We have different states with different kind of water resources scenarios, if it is well
known that the Rajasthan, Gujarat and white of Maharashtra belt is dry regions very little

water availability many of the Southern States are pretty is rich in water resources.



So, that way the that non uniform distribution limits the utilizable quantities of water, we
can say that total this much of water we have for a total on a countries scale let say x n
number of rivers containing some substantial amount of water for users, but if those are
concentrated in a particular zone in a let us 3 4 5 states. So, it is not possible for other
states to draw water from these far distances or sort of the political boundaries and
regional boundaries and all that makes it inappropriate or inadequate to basically a

uniformly distribute the water.

So, basin wise per capita water availability in India varies from as large as round 14000
close to 14000 13,393 as the number given to around 300 meter cube per year. So, you
see the degree of variation is almost to order here the there are places there are reasons
there are a sub basins which has water per capita water availability has low as 300 meter
cube per year while others which are having more than 13000 meter cube per year. The
water availability per capita water availability has decreased on a country scale has
decreased from 6000 meter cube in 1947 when we got a independence status to just a

little under 24 100 cube per capita water in 2000.

So, are in a round these 53 years there has been a large reduction we got we that point of
time we were 6000 meter cube per capita per year and we have we are now at around
2384 meter cube per capita per year. Now this decrease is not largely because of the
decrease in the fresh water quantities available, they are still available in more or less
same at least what we considered freshwater resources. There are other there are others
limits and issues on to sort of what is fresh water these days, there is a lot of pollution
issues coming in and the water that is in our river in our lakes all this what we call as a
freshwater or usable water is not all though saline, but in terms of quality how fresh it is

or how usable it is another sort of very important question in today’s time.

Still, even if we consider all that as a freshwater resources still we have not like the total
amount of water in these freshwater resources have not dipped that much what we have
done is we have grown our self in numbers. The growth of population has been immense
and that has led to the decrease in the per capita resources not only in terms of water in
terms of land in terms of various food production and all that issues. So, because of the
population growth because of significant population growth this per capita availability

has decreased to this great extent.
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India: Land and Water Resources
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You again if you see in the numbers as per the central water commission which is
available on it is website the you see that the total geographical area, we have is around
329 million hectares, which is our 2.4 percent of the world area around 21 percent we
have forest cover the population world's population is around 17.2 percent if the rainfall
annual rainfall is 12 which is sort of data of 2000 and 5 that you see here the 2000 data
0f 2000 and 5 annual rainfall is 1208 mm.

So, that is the rainfall and if you recall what you are discussing in earlier lectures that
total rainfall across various continent continents continental, where of the order of 750 to
800 or something like that except southern America all other this thing has rainfall of the
order of that.

So, that way the water inflow wise we are actually better than many places better than
sort of most of the world that way or not most of the world, but we are doing better than
the average. However, because of this huge population and less area the total water
availability is not sufficient enough to feed in these many number of people and that is
what is leading to decrease or to reduction in the per capita water availability annual
water availability. The river basins we have a sort of 12 major river basins with the
catchment area of greater than 20,000 square kilometer; where are there are 46 medium

river basins with catchment area less than 20,000 square kilometer and the total sort of



area covered by this river basins. So, major river basins accounts for over 250 million

hectares while the medium river basins account for a little under 25 million hectares.

Water resources data if you see. So, the members are as you can see here that the average
precipitation total precipitation is 4 thousand BCM while average precipitation during
monsoon is 3000 BCM. So, as around 75 percent of the precipitation of the 3000 or the
4000 comes into this monsoon period from June to September. The runoff phase of the
order of 2000 BCM that ways the utilizable surface water resources 690, the total
utilizable groundwater resources is 433 and per capita water availability as per central
water commission this is the point that we were talking earlier that the per capita water
availability is at present around 1700 meter cube. So, the CWC estimate it around 17 20

cubic meter or meter cube.

If you recall the international norms for declaring reason or a country as water stressed is
less than 17 100 meter cube. So, we are right on the verge of it actually, the total water
per capita water availability we have with as per our official resource which is CWC is
17 20 and as per international norms if it falls below 17, we are actually underwater
stress and many many estimates. In fact, already consider India has a water stress
country as you might have noticed in the earlier maps that were displayed there are
similar cases and similar data onto the land resources total food grain production and all
that. So, it is not that we are doing well in other term status is similar for other things as

well.
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Water Resources Potential in the Major River Basins of India
51, e, Name of the River Basin Average Annual Estimated Utilisable Flow (excluding Ground
Potential in the River Water) SOUI’CE o
1 Indus {upto Border) _i_).l\ %0\1 ik
1 2| Ganga 5.0 w0 Central Water Commission
b) Brahmaputra, Barak and others 585,60 10 (A 'l bl t]
3 Godavari 1054 130 (Avallable a
4 Krishna (AN 800
§ Caus i 19.00 P .
6 P::n:‘v) 63 636 hﬂf[ :g[www.cwc.nlc.lngmm
1 East flowing Rivers between Mahanadi & Pennar ns 13N Tt
P DTy et o 4 & N/ webpages/statistics.html
Kangyakumari
] Mahanadi 688 999
1] Brahmani & Baitami B4 1830
n Subarnarekha LX) 481
1 Sabarmati 18 193
13 Mahi 10 0
] West Flowing Rivers of Kutch, Saurashtra including 15.10 149
Luni
1% Narmada 458 M50
16 Tapl 1488 1450
7 West Flowing Rivers from Tapi to Tadri 8.4 194
1§ West flowing rivers from Tadri to Kanyakumari 3.5 u
1 Area of land drainage i Rajasthan Desert Neg .
Minor River Basins drainage to Bangladesh & Myanmar .00 .
Total 1869.35 690.32
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Now, the water resources potential in the river basins of India again this data is source
from central water commission. So, Indus which is includes of Ganga as well as kind of
Brahmaputra up to the border that way. So, Indus earlier is like the annual average
annual potential in the river is 173 while Ganga Brahmaputra combinely have over
thousands the average potential over thousands actually 585.6 is for Brahmaputra Barack
and others while 525 is for Ganga. The estimated utilizable flow that way is a 250 it is
the data similar data one can actually notice for the other rivers. So, each of them have a
sort of different potential average potential in the river and the estimated floor is

accordingly changes.
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Water Scenario in India

Basin wise distribution of utilisable surface water resources (Source: Central Water Commission (1993), p 12,
and Central Water Commission (1996), p 15)

Catchment area  Average annual  Exploitabla
0

River basin unit Location Draining Into. (% of the runof{ luﬂwmnw
country) [ (k
T Ganges-Brahmaputra-Moghna Bangladesh 340 11055 240/
o Myanmar and & i
Bangladesh g
3 Bay of Bangal 09 1237 68
4 Bay of Bongal 16 28.48 183
5 Bay of Bengal 44 66.88" su/
B Cantral Bay of Bangal 87 11054 _;g_y
7 Central Bay of Bengal 80 7812
8 Southeast Bay of Bongal 17 632 69
South Bay of Bengal 25 2138 190
Central-east cost  Bay of Bengal 27 262 131
Southeast cost By of Bengal 31 16.46 167
" Sothwestcoast  Arabian Sea 17 11353 243
13 Wast flowing ivers fom Tapl  conralwast coast  Avabian Sea 17 a7.41 19

14 Tapi Centralwest Arabian Sea 20 1488 145 %
15 Narmada (2) Central Arsbian S 31 4564 35"
16 Mahi 1.9 1no 31

17 Sabammati o7 ) 19

W st flowing rivers of kutsh e ey

15, st oo i Northwest coast 100 1510 150

19 Rajasthan inland basin Northe ast 00 Negligible

20 Indus Nonthwest Pakigtan 100 730 460

TOTAL 1000 1864.33 6903

Notes: “Earker astmates raproduced fiom Coriral Water Comimission (1988), (1) The assessment for Cowary was, mads by the
Cauvery Fact Finding Commitiee in 1972 based on 38 years' flow data at Lawe Anicat on Coleroon. An area of 6000 ki in the delta is

this agsessmant. (2) The potential of the Narmanda basin was determined on the basis of calchment area
proportion from the potential assossed at Garudeshwar as given in the roport on Normanda. Water disputes Tribunal Decision (1578)
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Another sort of compilation of basin wise distribution again from the Central Water
Commission source they are 1993 and 1996 data. So, sea is that the ganga Brahmaputra
Meghna covers around 34 percent of the total area of the country with average annual
run off around 11 100 little larger than actually 11 100 kilometer cube and the exploitable
surface water that is available in this basin is 274 kilometer cube, much higher as
compared to any other. If you see this table over here the next higher exploiting table

surface water is available in your this river basin which is Godavari.

Then there are Krishna and Mahanadi or other major basins which have significant
amount of exploitable surface water or the potential wise if you see. So, the major ones
are your Mahanadi of course, the Ganga, Brahmaputra are the largest one then you have
Mahanadi, Godavari, Krishna is another big one and then you have this Narmada. So,
Narmada is having your around 35 kilometer cube of exploitable water available. So,

these are the major river basin units which serves the country.

Now the Ganga, Brahmaputra, Meghna actually caters most of the regions in the north
east while your sort of Mahanadi, which is central east part Godavari and Krishna
caterers the central part mostly as you can see from these numbers over here. So, this is
for central part. And then of course, there are others some contribution smaller

contribution from various other rivers including your Kaveri Tapi and all these.



The Narmada is the major contributor in the western part central western part. So, that is
the that is the sort of status of the contribution of utilizable exploitable surface water in
the various river basin you needs the groundwater scenarios if you see are the ground

water scenarios are again not same everywhere.
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Water Uses in India

* India’s current water consumption is approximately 581 TL, with irrigation
needs accounting for a 89%, followed by industrial consumption at 6% and

domestic use at 5%.

Major river basins Major agricultural states in river Population density of people per Water used for irrigation as a
basins square kilometer percentage of total consumption
Ganges. 449 91%

Uttar Pradesh

Krishna Maharashtra, Karnataka 253 90%
Kaverl Tamil Nadu, Karnataka 389 95%
Godavarl Andhra Pradesh, karnataka 189 8%
Source: Water sector in India Emerging investment opportunities, Ernst and Young Report, 2011
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It will be sort of groundwater also varies and the depth of groundwater is varies largely
in the different places in the country we will talk about that once we discuss the
groundwater rather in detail. Now if you see the total water uses in the India’s the India’s
current water consumption is approximately 581 trillion liter, whereas irrigation accounts

for 89 percent, industrial consumption at 6 percent, and domestic uses at 5 percent.

So, very similar to the one that you saw earlier for the for the low and middle income
countries where agricultural sector agriculture sector accounts for the most. So, in India
also 89 percent contribution is 89 percent sort of water demand is from irrigation sector,
not actually demand rather we should say 89 percent is used in the irrigation sector then
there is a industrial consumption at 6 and domestic at 5 of the major river basin. If you
see that the population density of people per square kilometer which is highest in the
Uttar Pradesh is sort by the Ganga and there water used for irrigation is 91 percent. The
Krishna which serves the Maharashtra and Karnataka with a population density of 253
again accounts for around 90 percent of water consumption in the irrigation sector, then

Kaveri and Godavari.



Similarly they are like in the Tamil Nadu, Karnataka while Godavari in the AP with
population density is wearing population densities accounts for again huge particularly
Kaveri serves the 95 percent water goes for the irrigation sector, while Godavari again
around 89 percent of water which serves the Andhra and Karnataka with a population

density in the river basin around 189 people per square kilometer.
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Water Uses in India

Paor water Management

Source: Water sector in India Emerging investment opportunities, Ernst and Young Report, 2011
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This is another the estimated use of water in the different sectors total use of water in the
different sector in 2000 and 10 from a report published in 2000 10 11 by Ernst and
young. So, the estimated numbers are 2000 and 10 and predicted number for 2000 13.
So, the domestic consumption total all these figures are actually in a billion cubic meters.
So, the domestic consumption is in 2000 and 10 was estimated to be around 34 billion

cubic meter while industrial consumption around 41 billion cubic meter.

The staggering consumption was in agricultural sector accounting over little over 600
billion cubic meters, the interesting thing because India become being a growing country
of course, the demand is going to increase in all the sectors and that is what has been
estimated. So, estimated consumption in 20 30 is 66 billion cubic meter in domestic
sector, around over 90 billion cubic meter in industrial sector and around 674 billion
cubic meter in agricultural sector. Now quantitatively if you see the increase in the

domestic demands or domestic consumption is almost 30 million cubic meters industrial



it is around 50 billion cubic meter and agricultural it is a little under 70 billion cubic

meter.

So, still the increase in the agricultural demand is highest if you see in terms of the
numbers, but interestingly if you see in terms of the percentage of the total expected
increase that way. So, agricultural sector the increase of little under 70 for a consumption
existing consumption if you consider 2010 as an existing consumption so for a existing
consumption of 6 0 6 increase of 74 is or increase of 70 is just around 12 percent or so,
but if you see the increase in the domestic consumption it is almost doubling the number.

So, that way near hundred percent X increases in the domestic sector industries are more

than doubled ok.

So, around 120 percent 120 to 125 that much of increase in the industrial sector and is
expected, while agricultural sector the increase is very minimal that is because the India
is a developing country we are going more and more towards the sort of industrialisation
and infrastructure development growth the urbanization is taking place rapidly leading to
the increase in the domestic demand, there is a population growth. So, if you look at the
drivers for this increased the population growth and increased per capita growth are the
basic demand drivers for domestic, whereas industrial extension industries like power in

all sectors. In fact, and many of these are extremely water intensive industries.

So, with these industries growth we expect to increase in the industrial demand and that
is what has been predicted while in the agricultural sector there is going to increase the
demand of food grains. So, there will be again demand is likely to increase for water
also. However, it is not going to increase that much. More over there is lot of scope of
saving water in the industry by using approp by using in the agricultural sector primarily,
by using the advanced irrigation technologies because very there is very poor water
management reported particularly in the agricultural sector over exploitation of irrigation

resources are what people of observed many times.
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Water Uses in India

Al tigures are In billion cublc meters

Demana arivers Key concerns

= Population growth » Avsence on reguiatory binding
66.44

+ Increased per caplta water % on usage and wastage of water

consumpticn

Domestic
*/Domestic food grain demand » Over-exploitation of ground

dredustry Iao.uu I 91.63
Increasing with nerease water
Agriculture [ gl > Reduction of ground watar
» Oemand for Water Interatve Tovas Soa 1o et chonge
crops like whaal

s inreosing sopstoniaty
* Boor water Management

Source: Water sector in. Inidia Emerging investment opportunities, Ernst and Young Report, 2011
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So, that is what is that is.
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Water Uses in India

Al figures are In billion cublc meters

Demana arivers Key concerns
* Papulation growth * Absence on regulatory binding
Domestic £6.44 o e on usage and wastage of water
consumption
> Expansion of the water + Avsence of 1055 menitoring
intonsive Industrios fike power, and subSequeNt reauction
ity Iau 86 I 91.63 11N & Stoe, Chamical I8 leading Schame
10 IRET@ase In water demand

> Domestic food groln demand = Over-exploitation of ground
creas waler

» Reauction of around wter
Agriculture - + Demand for Water intensival levels dug to clmata change
crops tike wnaat, rice are

Increasing substantially

* Poor water Management

Source: Water sector in India Emerging investment opportunmes Emst and Young Report, 2011
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So, with this actually if you I guess we will end this lecture here. And, we will continue

in the subsequent session.



