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Foreword

It may well be true that the most bitter conflicts in the next fifty years will not be over oil but water. Already,
almost a billion people in the world live without access to clean water. The sustainability of human development
is being threatened by the growing scarcity of water. Climate change is likely to worsen the situation. Water will
increasingly dominate national and international politics and power. It is this thirst for water that may become
critical for ensuring political, social, and economic stability. How we manage this valuable resource is, therefore,
crucial for our future.

An effective and just policy would need to address several questions. How much is available, and to whom? Who
pays, and at what price? How accessible are the formal, regulated water supply systems to the poor? At present, a
perverse practice operates in the water market: the poorer you are, the less you get and the more you pay. What is
equitable? What is economically viable, and socially as well as legally acceptable? Answers to these questions are
complex. John F. Kennedy once said, ‘Anyone who can solve the problems of water will be worthy of two Nobel
prizes—one for peace and one for science.’

India, which accounts for one-sixth of the world’s population, already faces water stress that is likely to exacerbate
in future. Unsustainable agricultural practices, industrial pollution, and poor civic planning have further decreased
the per capita availability of utilizable water. Water shortages will not only severely restrain the nation’s ability to
sustain its economic growth but also lead to food shortages and more conflicts, with negative social and political
consequences.

Urgent action is required to manage our water resources in a coherent way. The India Infrastructure Report
(IIR) 2011 focuses on the theme of “Water—Policy and Performance for Sustainable Development’. The Report
evaluates a range of institutional, legal, and regulatory frameworks that operate in the sector, at the international,
national, state, and local levels. This Report seeks to evolve an appropriate policy framework from the perspective
of rights, entitlements, and conflict resolution mechanisms. It proposes a major reorientation of public irrigation
management, more emphasis on localized water resource development, better coordination among institutions in
the planning and delivery of water services, and greater use of market mechanisms in the management of water
use. Demand management needs more attention which, coupled with technological solutions, offers immense
possibilities in improving efficiency in water use, in recycling wastewater, and in its conservation.

It is clear that there needs to be a radical change in our approach to water. I hope the issues and suggestions
in this Report—the tenth in the series of //R—will be considered in the current preparation of a comprehensive
new framework for the delivery of sustainable water services. I also hope that it will create greater awareness of the
looming water crisis, and prompt actions to address it at all levels of society. I would like to thank the authors, the
editors, and all those who have contributed to the production of this Reporz.

October 2011 Rajiv B. LaLL
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INTRODUCTION

India’s water future is in danger if current trends in its
use continue. The total annual surface water availability
in the country is estimated to be 1,869 billion cubic
metre (bcm). Due to spatial-temporal variations, an
estimated 690 bem of surface water is utilizable. Add
to this 432 bem of replenishable groundwater, and
the total utilizable water in the country is 1,122 bcm,
which appears to be just about sufficient to meet our
present needs. Since the total available water is more
or less constant, rising demands due to population
and economic growth will strain the demand-supply
balance. The Water Resources Group estimates that if
the current pattern of demand continues, about half of
the demand for water will be unmet by 2030 (WRG
2009).

Even the present situation is tenuous. Although at
the macro level, demand and supply of water seem to
balance, there are stark differences at the basin levels.
Of the 20 major river basins in India, 14 are already
water-stressed (Chapter 1). Nearly three-fourth of
India’s population lives in water-stressed regions (where
per capita availability is less than 2,000 cubic metres
per year) of which one-third of the region is in water,
scarce areas (where per capita water availability is less
than 1,000 cubic metres per year). Climate change
will further aggravate the problem by causing erratic
weather patterns. More extreme rates of precipitation
and evapo-transpiration will cause more instances of
droughts and floods, with disparate and complex effects
at the sub-basin level.

In terms of usage of water, agriculture was the larg-
est consumer, accounting for almost 85 per cent of the
total water consumption, followed by industry and
energy (9 per cent), and domestic users (6 per cent) in
2010 (Chapter 1). Agriculture is also a highly inefficient
consumer of water. For instance, the water productivity
of rice in India is 0.2-0.26 kg per cubic metre of water;
which is half that of China. Water productivity for other
cereals is 0.32-0.42 kg per cubic metre of water, just
one-third of China (Cai and Rosegrant 2003). Other
consumers of water, industry and energy, also use water
inefficiently. Moreover, untreated waste water discharge
from industry is a major cause of pollution in rivers
and other water bodies, which reduces availability of
clean water. The situation is further aggravated by the
disposal of untreated municipal sewage into these water
bodies.

In short, inefficiency in water use and irresponsibil-
ity in the management of water resources pose a serious
threat to our water security and sustainability. Going
forward, the availability of water could pose significant
challenges for economic growth. Illustratively, after
accounting for drinking and irrigation, which are pri-
ority needs, the residual utilizable water for industry
and energy would reduce from 492 bem in 2010 to 197
bem in 2025, assuming that the total utilizable water
remains the same (Chapter 1).

Of course, irrigation water needs could be brought
down. The Water Resources Group has evaluated vari-
ous techno-economic options for supply and water
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productivity that are available to close the ‘water gap’ in
India by 2030 (WRG 2009). The ‘least cost’ set of
options largely comprise agricultural measures which
can reduce much of the projected water shortfall
(Chapter 1). Indeed, improvements in water use effi-
ciency, changes in cropping patterns where possible,
better irrigation techniques, water-saving innovations,
such as a system of rice intensification (SRI), and im-
proving the productivity of ‘rainfed’ agriculture are
some of the practical options to reduce water consump-
tion in agriculture (Chapter 7; Iyer 2011).

It is clear then that demand needs to be restrained,
and water use efficiency and conservation increased,
since even greater storage and harnessing of water
cannot meet an endlessly growing demand. However,
till now government response to the growing demand
has primarily been to undertake large projects for
augmentation of irrigation and water supply systems.
Many of these projects remain incomplete. Those
which are built do not have sufficient financial resources
for operations and maintenance (O&M). As a result
this has led to a ‘build-neglect-rebuild’ syndrome
(Chapter 6). A major critique, therefore, is that the
government has focused on supply-side initiatives in
constructing infrastructure without paying attention
to its maintenance. Moreover, it has not exploited
demand-side options as much due to weak incentive
and regulatory systems.

Thus, going forward, there needs to be a two-pronged
approach. First, is the simpler part, which is to extend
means of harnessing, retaining, and re-using water. This
includes infrastructure for augmenting storage capacity
for surface water, groundwater recharge structures,
rainwater harvesting structures, increasing wastewater
treatment capacity, and upgradation of water supply
systems to minimize losses in the transportation of
water. The design of these water management systems
will also need to take into account the implications of
climate change as the design parameters will undergo
change due to changes in the pattern of droughts and
floods (Chapter 2).

Second, and more importantly, is developing and
generating awareness of a completely new approach to
water. It will take years to change ingrained habits, but
all the systems, institutions, regulations, and practices
must work in the same consistent direction of conserv-
ing and reducing water use where possible. Underlying

the new approach, it should be recognized that water
is a resource for the whole community, to be shared
equitably by present and future generations.

Presently, competing claims for water use and un-
clear entitlements lead to conflicts at various levels:
rural versus urban, industry versus environmentalists,
minorities living off natural resources and entrepre-
neurs seeking to ‘commodify’ the resource base. Issues
on sharing water resources also lead to intra-state, inter-
state, and international conflicts.

Against this background, this IIR attempts to answer
the following questions:

* How clear is the strategic vision for water resource
management and sustainable development?

* How effective and equitable is the legal framework?

* Giventhatonly thesupply-sideapproach will nothelp
in meeting future demand, what legal, regulatory, in-
stitutional, and pricing mechanisms will be necessary
to efficiently manage and restrain demand?

STRATEGIC VISION FOR THE WATER
SecToRr: NaTiONAL WATER PoLICY

The National Water Policy, which was adopted by the
National Water Resources Council in 1987, sets out
principles and objectives to guide programmes for water
resource development and management. The Policy
was revised in 2002 (MoWR 2002) and about half of
the states have adopted state water policies. The revised
National Water Policy, which recognized the importance
of water for life, for maintaining an ecological balance,
and for economic development, did very little in terms
of setting the principles and objectives which could
lead to sustainable and equitable use of this resource.
There are two major problems with the policy, which
are now discussed.

Water Resource Planning and Development

The approach adopted by the policy in the past was to
attempt to make more water available in order to meet
demand. Water resource planning and development
focused on bringing all available water resources within
the category of utilizable resources (MoWR 2002).
This approach towards water resource development
has implicitly encouraged an unabated rise in demand
and inefficient use of water by various users. Inaccurate
demand projections (which were based on assumptions



that did not address inefficiency in use) formed the
basis for water resource development projects, which
were mainly ‘supply augmentation’ projects. The policy
suggested that projects, such as inter-linking of rivers,
desalination of brackish water, and artificial recharge
of groundwater should be undertaken, some of which
not only have an adverse ecological impact but are also
expensive. Consequently, these projects, barring one or
two, have not taken off.

Empowerment of Local Institutions
and Citizens

Another criticism of the policy is that it seems to ‘cen-
tralize’ the governance of the water sector as evidenced
from its emphasis on planning, development, and man-
agement of this resource from the national perspective
(Chapter 22). This, together with similar state gov-
ernment leanings, tends to disempower citizens and
other stakeholders by denying them an opportunity to
participate and influence key decisions (ibid.). Warghade
and Wagle (Chapter 22) and Iyer (2011) propose an
institutional structure that is bottom-up starting from
the village and the micro-watershed to the state level as
a set of nested institutions up to the basin level, involv-
ing all categories of water users. For such a structure
to be effective, states will have to cooperate with each
other as well as play an important role in the empower-
ment of local institutions.

The policy has not been able to promote optimal
water resource management. It suggests that water
resource management will have to be at the level of a
hydrological unit and appropriate river basin organiza-
tions (RBOs) should be established by the basin states.
These organizations will be responsible for preparing
comprehensive plans taking into account the needs of
various users and existing agreements on award of water
tribunals (MoWR 2002). However, in the absence of
well-defined water rights for various uses across states
and numerous conflicts that have arisen, it has been
difficult for basin states to agree on setting up RBOs.
Very few RBOs have been established in the country
and they are not effective as they do not have the neces-
sary support from states (Chapter 1).

A new National Water Policy (NWP) is now being
prepared. An alternative, radically different approach
for a NWP has been proposed by Iyer (2011), which

sets forth a broad national perspective on ‘responsible,
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harmonious, just and wise use of water’. The crux of
this approach is that the availability of fresh water is
finite and we need to manage our needs within that
availability. It emphasizes the ecological and social
justice perspectives as overarching, indeed as a moral
responsibility. Just as it eschews supply responses to
meet projections of demand, it proposes a shift from
large, centralized water resource development projects
to small, decentralized, local, community-led watershed
development programmes, as well as to severely restrain
the exploitation of groundwater.

A SounDp LeEGAL FRAMEWORK

Water within the ‘Property Rights’ Framework

The basis for an effective water policy design is a clear
understanding of rights associated with this resource.
There are two critical aspects here. First, water must be
recognized as a common pool resource (as against state
or private property). Second, water is fundamental to
meet the basic requirement of life. Both these indisput-
able points have implications for policy.

Though not explicitly stated in the Constitution, by
judicial pronouncement, water is held in public trust
by the state for the community. Expanding this view
implies that (i) economic or commercial use of water by
some must not adversely affect the lives and livelihood
of the community, and (ii) the public trust doctrine
applies to all forms of water, including groundwater
(which conflicts with its current legal status).

The ‘right to water’ relates to basic water require-
ments for life, which is a fundamental right and is non-
negotiable. The state has a responsibility to ensure that
this right is not denied. This right is distinguishable
from ‘water rights’, which are rights assigned to indi-
viduals or groups for various economic uses of water

(Chapter 5).

Water Laws within the ‘Rights’
Based Perspective

Laws are required (i) to create conditions so that the
institutions deliver on the ‘right to water’, (ii) to en-
sure that the distribution is equitable, and (iii) so that
nobody’s actions infringe upon others’ rights to water.
Laws are also required to protect the water resource
from being degraded and exploited in a manner that
threatens its sustainability. How do existing water laws
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fare on a ‘rights’ based perspective? Are water laws able
to prevent deterioration or unsustainable exploitation
of our water resources? Are the laws being enforced?

The right to safe drinking water is not explicit un-
der the Constitution but various court rulings have
declared it to be a fundamental right, interpreting it
as a part of ‘right to life’ which is guaranteed under the
Constitution. However, for it to be an effective right,
a ‘minimum core obligation’ (say, defined in terms of
litres per capita per day of water of a certain quality
standard) of the state needs to be specified below which
the right to water can be said to be denied. The state
(or its water supply agencies) must provide the basic
minimum, even if it means diverting financial resources
from other uses for this fundamental purpose. Thus,
an explicitly recognized well-defined right to water
should be stated in the Constitution, with appropri-
ate legislation defining the minimum quantity and
quality parameters.

In order to ensure that water is equitably distributed,
some states have enacted legislation to set up water re-
source regulatory authorities. Three states (Maharash-
tra, Andhra Pradesh, and Uttar Pradesh) have set up
independent regulatory authorities (IRAs) to oversee
the issuance and distribution of water entitlements by
designated river basin agencies and to fix the criteria for
trading of water entitlements or quotas. Once again,
the problem is that a system has been created where
entitlements exist without corresponding obligations to
meet them (Chapter 5). In addition, lack of adequate
mechanisms for transparency, public participation, and
accountability in the proceedings of IRAs leads to lack
of influence of citizens and water users in determining
and ensuring that their entitlements are granted (Chap-
ter 22). Moreover, equitable criteria for entitlements
are not clearly defined. Currently, for example, water
entitlements are based on the size of the landholding,
thereby reinforcing inequities (ibid.).

There are various laws that deal with different aspects
of infringement of water rights, in particular, relating
to the withdrawal of groundwater and controlling
pollution. The excessive pumping of groundwater by
some farmers has led to an alarming lowering of water
tables in some regions and consequent inaccessibility
of groundwater resources by others. Several states have
introduced legislation to regulate groundwater use
but the laws are limited in purpose and area, largely

focusing on aspects such as (i) restriction on depth of
wells, and (ii) declaration of groundwater conservation
and protection zones. These laws have also had limited
success in implementation. Moreover, all these laws
avoid the most important question about the legal
status of groundwater itself. Currently, groundwater
is considered an easement connected to the land with
the landowner having an unrestricted right to its use.
Although recent court rulings have expressed that ‘deep
underground water’ is the property of the state under
the doctrine of ‘public trust’ and the holder of land
only has a user right, this needs to be encoded as
legislation rather than left for the courts to interpret
(Chapters 5 and 7).

Another set of laws deals with pollution control.
However, the existing legislations are not comprehen-
sive, nor are they efficient. First of all, these acts do not
cover the regulation of water pollution originating from
households or agriculture (Chapter 19). Second, legis-
lations specified by pollution control boards, which are
empowered to prevent, control, and abate water pollu-
tion, require all polluters to meet the same discharge
standards, which makes these legislations inefficient.

Recently, a new law called the National Green
Tribunal Act 2010 has been enacted which, for the
first time, recognizes the right of the victims of envi-
ronmental damage and pollution, including water pol-
lution, to claim damages and compensation (Chapter
5). This law is a significant departure from the existing
legislation where apart from closing down a polluting
industry, cutting its water and power supply, and crimi-
nal punishment for those responsible for running it,
there were no rights available to the victims of water
pollution (ibid.).

Environmental impact assessments (EIA) are sup-
posed to address unsustainable exploitation of water
resources. They are particularly important to assess
large projects, such as multi-purpose hydro projects,
which can have a lasting impact on the ecology of a
river basin. Many hydro projects have been planned or
approved in the North East, a region which is considered
ecologically sensitive with little arable land and which is
inhabited by culturally sensitive indigenous communi-
ties (Chapter 25). The EIA of a project is meant to assess
the upstream, downstream, and cumulative ecological
and social impact of a project. However, in practice this
is often done in a cursory manner. Given the irreparable



damage that large projects could cause to the ecology of
water resources, it is important that more comprehen-
sive and credible EIAs are carried out (ibid.).

Water Conflicts

The ‘rights’ associated with water are complex and
absence of proper democratic, legal, and administrative
mechanisms to handle various issues that arise with
water lead to conflicts. These conflicts take the form of
conflicts over equitable access, conflicts over competing
uses, conflicts over dams and displacement, conflicts
over privatization, conflicts over water allocations, and
trans-boundary, inter-state, and intra-state conflicts
(Chapters 3 and 4).

Fairness is always an underlying issue, which can
possibly be addressed through efficient use of a re-
source, respect of historical rights, and pareto-efficient
solutions. Conflicts are expected to persist though as
long as the bargaining power is unequal and there is an
absence of an acceptable negotiating framework. Some
measures that will help avoid conflicts are: clear norms
for equitable water allocation and distribution, relative
prioritization of different uses (including environmen-
tal/ecosystem needs versus other needs), integration of
large and small water management systems rather than
favouring one over the other, and well-defined role for
the private sector in public-private partnerships (PPPs)
so that the assigned role does not infringe upon the rights
and entitlements of those who hold them (Chapter 4).

Water pricing could be an important tool for efficient
water allocation and conservation and for minimizing
conflicts. Unfortunately, water prices are rarely efficient
and water rates are highly subsidized due to political
compulsions (Chapter 23).

MANAGING WATER RESOURCES—
A SECTORAL PERSPECTIVE

Irrigation

Public irrigation systems are losing their position of
dominance. Yet, despite poor performance of canal
based irrigation, governments at all levels have con-
tinued to invest heavily in large canal projects. Shah
(Chapter 6) argues that while the colonial government
treated large-scale canal irrigation as an economic enter-
prise which made significant returns to investment, the
socio-technical and agrarian conditions under which
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the system performed have changed considerably since
then. Currently, the water fee recovered from irrigators
is less than 10 per cent of working expenses and a key
problem is poor maintenance and system management,
especially below the outlet. The system is over-designed
to justify higher returns, but it is rarely able to deliver
water to more than half of the command area. Farmers
at the upper-end over-appropriate water to cultivate
high-value crops, leaving little for tail-end farmers.
As a result, farmers in the periphery started relying on
groundwater, which also gives them greater control of
timing their water use.

The benefits of groundwater irrigation, coupled
with supportive policies of the government, led to an
explosion in groundwater tube wells. The government’s
‘green revolution’ policies promoted a package of inputs
including high yielding varieties of seed, fertilizers, and
agrochemicals, requiring intensive and timely irrigation.
The development was given further impetus by cheap
and un-metered electricity, and subsidized credit for
irrigation dug-cum-bore wells. Groundwater irrigated
farms performed better compared to those irrigated by
other sources in terms of cropping intensity, input use,
and yields (Chapter 7). Groundwater was also relatively
more equitable than surface irrigation, though recent
trends favour richer farmers who can afford deeper
wells and larger pumps.

As a result of the poor performance of public canal
irrigation and the relative advantages of groundwater
use, tube wells have become the predominant means
of irrigation. Over 85 per cent of the increase in net ir-
rigated area between 1961 and 2001 was from ground-
water sources, and groundwater now accounts for 62
per cent of the total irrigated area.

Rampant use of groundwater has, however, brought
about serious problems. Lack of regulation and its
indiscriminate extraction has led to a lowering of the
water table and increasing salinity and water quality
problems in many regions of Punjab, Rajasthan,
Haryana, Gujarat, Tamil Nadu, and Uttar Pradesh
(Chapter 7). The severity of the problem can be seen
from the fact that these 6 states account for half the
food grain production in the country.

In contrast to the meteoric rise in groundwater irri-
gation, the net irrigated command area under canals has
continued to decline. Even the efforts aimed at reversing
the deceleration in canal irrigated areas by stepping up
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investment in last-mile projects under the Accelerated
Irrigation Benefits Programme have not yielded favour-
able results. Shah (Chapter 6) argues that central and
state governments have been throwing good money after
bad and have to invest twice as fast in canal irrigation
projects every year just to keep their command areas
from shrinking.

More recent thinking on improving the perfor-
mance of surface systems has promoted rehabilitation
of irrigation schemes combined with institutional
reforms relying on the participation of farmers and
local bodies through participatory irrigation manage-
ment (PIM). Accordingly, many states have instituted
laws empowering farmers’ participation in the man-
agement of irrigation systems through the creation of
water users associations (WUAs). Involving WUAs,
as the PIM institutions are called, in the operation,
maintenance, and management of water facilities was
expected to improve the performance of canal sys-
tems. However, the evidence with regard to WUAS
ability to improve systems management has been
inconclusive. Shah argues that based on the experi-
ences with WUAs so far, the large scale impact of these
institutions on restoring the canal irrigation system
is limited and has worked only in some cases where
large NGOs have been involved over a long period
(Chapter 6).

Another factor for their lack of success may be due to
the fact that, while the rights of WUAs have been legis-
lated (such as to receive information in time about water
availability, and to receive bulk water according to an
approved schedule), the obligations of irrigation depart-
ments to deliver water to WUAs are rarely legally binding
(Chapter 5).

In their study of WUAs in three states (Andhra
Pradesh, Maharashtra, and Gujarat), Bhamoriya and
Gandhi (Chapter 9) find that there have been sub-
stantial differences in the way WUAs were instituted
and their scope and hence their performance. WUAs
in Maharashtra and Gujarat have performed better
than those in Andhra Pradesh because given the way
the WUA laws were formulated in these two states,
the institutional structures such as bye-laws, general
bodies, and management committees are better speci-
fied. Operationally as well, WUAs in Maharashtra and
Gujarat are more flexible and autonomous than they

are in Andhra Pradesh (ibid.).

What then can be a solution for improving the
performance of public irrigation systems? Shah sug-
gests that the biggest opportunity for unlocking value
from canal systems is by spreading their water on much
larger areas to expand the areas under conjunctive
management of surface and groundwater (Chapter 6).
The canal systems can be transformed into extensive
systems as they were originally meant to be, without
much investment. However, the key lies in improving
the management of the main systems, which can only
be achieved by reforming the irrigation bureaucracy
(ibid.). This will require unbundling the irrigation
monolith into independent management units with
operational autonomy and greater accountability by
instituting a performance-based reward system (ibid.).
Of course, it is arguable whether reforming state
irrigation monopolies will be more successful than
the experience with WUAs. In any case, as a begin-
ning, a basic precondition for any management
turnaround will require a reliable management infor-
mation system to monitor the performance of irrigation
systems.

Another proposal is to evolve a public-private part-
nership between farmers and irrigation departments for
efficient utilization of canal water. There are a number
of schemes where the irrigation department has con-
structed weirs or otherwise ensured supply of bulk water
at regular intervals for lift irrigation schemes and pump
and (underground) pipe systems to distribute water to
farms (Chapter 6). Water lifting, conveyance, and dis-
tribution are done by the private and cooperative sector
which charges farmers for the water supplied. Evidence
suggests that the cost recovery in such schemes is better
than under gravity flow irrigation systems. These lift
irrigation schemes are also more equitable since the tail-
end weirs are filled first and the head-end last.

In parallel, it is important to control excessive
groundwater use. In line with the public trust doctrine
for water resources—which needs to be legislated—a
possible option is to move to a government adminis-
tered permit/licensing system for groundwater extrac-
tion; examples of such laws exist in the US, Australia,
Italy, England, and Wales (Chapter 7). As an alternative
to central and state mechanisms, a community-based
system, such as a water/aquifer users association has
been suggested which could collectively decide on pri-
orities in the use of groundwater (ibid.; Iyer 2011).



As it may be difficult to enforce regulations on
some 20 million pump sets in the country, market-
based instruments should also be used. These include
rationalizing electricity prices together with separa-
tion feeders to agriculture from other uses. Given the
political resistance to raising electricity tariffs it has been
suggested that at the least, state governments should
consider imposing a cess on electricity for agricultural
use in all areas where the water level has sunk too low,
and earmark the proceeds for groundwater recharge
(Ahluwalia 2011).

Besides arresting the depletion of water tables, there
are opportunities to harness more water from precipita-
tion. Rainwater harvesting has significant potential for
replenishing and recharging groundwater. Though it
has been promoted in the National Water Policy 2002
and the last two Five Year Plans allocated budgets for
watershed development programmes, the extent of
rainwater harvesting is minuscule (Chapter 8). If there
are appropriate legal and regulatory regimes, local
solutions for better management of groundwater will
emerge. The check dam movement in Gujarat is an
example of check dams being constructed by public
and NGO efforts to store water during monsoons,
which not only recharges aquifers but also fills up wells
for use during the lean periods (Chapter 7). Gandhi
and Bhamoriya (Chapter 8) in fact argue that small
decentralized water harvesting structures can capture
more water and are a major alternative to co ventional
river basin water resource development.

Decentralized traditional methods of rainwater har-
vesting could provide water for drinking as well, and
should be encouraged as these have provided local solu-
tions to the scarcity of drinking water in some regions
of the country. Locally built tanks and wells, such as
kuia and kundi in Rajasthan, have provided excellent
storage, minimizing losses.

Rural Drinking Water

The major problems with rural drinking water are
its adequacy and quality. Government programmes,
such as Bharat Nirman have not been able to supply
adequate, good quality water to rural households. Much
of the rural drinking water needs are met by ground-
water. Declining water tables and deteriorating qual-
ity of groundwater has rendered government schemes
untenable. In fact, many rural habitations which have
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been provided drinking water supply over the past years
have ‘slipped back’ because the same aquifer is also
being tapped for irrigation ‘and the left hand of drinking
water does not know what the right hand of irrigation
is doing’ (Planning Commission 2011b). Availability
of water in rural areas is getting further strained due to
urbanization that is expanding urban boundaries and
policies that allocate rural land to attract investment for
economic activities (Chapter 11). The accompanying
real estate development is causing damage to agricul-
tural land and water bodies (ibid.).

Decentralization of water service delivery to Pan-
chayati Raj Institutions (PRIs) has not been accom-
panied by adequate financial resources and capacity
building for PRIs to fulfill their responsibilities for the
O&M of rural water supply schemes. Moreover, the
top-down approach in planning and implementing
these schemes by the Centre or state has led to unwill-
ingness on the part of PRIs in taking over the completed
schemes for O&M (Planning Commission 2011a).

Fundamental changes are required in the approach
towards rural drinking water supply. Foremost amongst
these is setting legally binding water quantity norms
and quality standards that are equitable. In the new
Rural Drinking Water Policy, minimum water quantity
norms are defined at the level of a household, which
is diluting the fundamental right of an individual.
Second, local government institutions, the gram sab-
has and gram panchayats, must be given the necessary
regulatory and fiscal powers to ensure effective imple-
mentation of the tasks that they have to perform. Their
role should be supplemented by the upper levels of the
government (Chapter 10). Third, the inconsistencies
between binding legal principles and rural drinking
water programmes need to be addressed. For example,
the characterization of water as an economic good in
these programmes is in contrast with the principles of a
fundamental right (ibid.). Water should be considered
as a socio-economic good only after meeting the mini-
mum core obligations.

Urban Water Sector

The urban water sector in India is in a state of despair.
Inadequate access, poor quality, and poor reliability
are major problems with urban water supply. Water
utilities are operationally inefficient and financially
weak. Similar to the experience of public irrigation
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systems, public agency focus on asset creation with
limited or no incentive for their O&M, has led to
deterioration of water supply systems. Urban local bod-
ies (ULBs) are dependent on higher levels of govern-
ment for funds, which undermines their motivation
for effective asset management, service delivery, and
cost recovery. Institutional fragmentation with regard
to policymaking, financing, regulation, and service
delivery has also contributed to the poor state of urban
water service delivery. The failure of the state in supply-
ing adequate water to meet the needs of urban dwellers
has led to the emergence of unorthodox supply systems
(Chapter 17).

Several reforms are required to improve the perfor-
mance of utilities. International experience suggests
that effective leadership, political will, improvement in
management practices, corporatization, measures for
demand side management and wastewater reuse, and
full cost recovery have been necessary elements for the
successful transformation of utilities (Chapter 16).

However, these reform measures will take some time
to be instituted in India. Moreover, given the weak state
of finances of the ULBs, central and state governments
will continue to play a predominant role in the fore-
seeable future. Focused action on three thrust areas is
needed to address the long-term financial sustainability
issue in the sector (Chapter 14).

First, concerted efforts on the part of ULBs will
be required to harness operational efficiency through
increasing coverage, metering, and reduction in non-
revenue water. Such measures, coupled with tariff revi-
sions that are based on rationalized cost structures, are
needed to achieve cost recovery. Water tariffs levied by
ULBs are low. Political interference has hindered up-
ward revision of tariffs for most utilities. An appropriate
basis for determining water tariffs is short-run marginal
cost. An analysis in Chapter 24, comparing the short-
run marginal cost of water delivery with current tariffs,
shows that there is significant potential for increasing
tariffs. However, if municipal water tariffs are raised
without rationalizing and increasing electricity tariffs,
people may resort to greater groundwater use, which is
difficult to regulate.

Second, public funds should be efficiently allo-
cated to achieve desired outcomes. This will require
a shift in focus from augmentation of bulk supply to
improvement in infrastructure which is necessary for

service delivery. To achieve improved outcomes from
investment, greater predictability of funding streams is
required which will enable ULBs to plan on a three- to
five-year basis.

Third, corporatization or private sector involve-
ment will help increase efficiency of water utilities. The
private sector, however, views participation in water
and sanitation services as risky. Its concerns stem from
poor project preparation, lack of capacity of ULBs in
structuring public-private partnerships, and unpredict-
ability of revenues (Chapter 15). These concerns will
have to be addressed if private sector participation is to
reach scale.

Industrial Water

Two concerns that dominate the industrial water
sector are (i) rising demand, and (ii) pollution caused
by the discharge of wastewater by industries. In the
absence of effective regulations, about 70 per cent of
the wastewater generated by industries is discharged
untreated (Chapter 18). As per an estimate, each litre
of discharged wastewater further pollutes 5-8 litres of
water (Chapter 18).

Water productivity in industries is low. One of the
main reasons for inefficient use of water by industry
is its poor pricing. Industries pay three charges related
to water: a water cess (the purpose of which is to raise
resources for state pollution control boards), tariff to
municipalities or other suppliers of water, and cost of
extraction of water from rivers or groundwater. The
levels of these charges are so low that overall they con-
stitute a very small proportion of the cost structure of
industrial output.

Aggarwal and Kumar (Chapter 18) find that the
average shadow price (the maximum price that a firm
is willing to pay for an extra unit of water consump-
tion) of water is about Rs 7.21 per kilolitre, about 3.7
times higher than what industries pay today. There is,
thus, a potential for revising water tariffs upwards. The
pricing policy can act as an appropriate instrument
for achieving water conservation in the sector as the
price elasticity of demand for water by industry is fairly
high (ibid.).

A major hurdle in managing water use in the sec-
tor is the involvement of a multiplicity of institutions,
MoWR is the principal agency responsible for water in
India but water pollution does not fall under its pur-



view, nor does the industrial use of water; the Ministry
of Commerce & Industry (MoCl) is concerned with
the planning and development of water resources for
industrial use but has no mandate to control or regu-
late water use by industries; the Central Ground Water
Board/Authority (CGWB/A) are meant to regulate
the groundwater quality and quantity in the country
but they have not achieved much success in regulat-
ing either; Central Pollution Control Boards (CPCB)
and State Pollution Control Boards (SPCBs) regulate
industrial water pollution and charge water cess based
on the amount of wastewater discharged by companies,
but they have no mandate for controlling the sourc-
ing of water from various sources. Unless all aspects
of water use by industry are regulated by fewer agen-
cies or even a single agency, it will not be possible to
achieve either water conservation or pollution control
in the sector.

Wastewater Recycling and Pollution Control

Wastewater recycling offers immense potential for be-
coming a viable and practical solution for non-potable
water uses (Chapter 21). The costs of recycling have
also reduced dramatically to make this option viable,
particularly for industrial use. There are a growing
number of cases where large industries, forced by lack
of freshwater supply from municipalities, have resorted
to wastewater recycling (IDFC 2011). Though the
cost of recycled water to industries may be slightly
more than the tariff that municipalities charge for the
supply of freshwater, the reliability of supply makes it
worthwhile for industries to recycle wastewater. The
main constraints that industries face in setting up their
own recycling plants, though, are (i) huge capital costs,
which means that for scale economies, recycling plants
make sense only for large industries or cluster of indus-
tries, (ii) access to sufficient sewage at a reasonable cost,
and (iii) land to accommodate recycling plants (ibid.).
Municipalities can supply sewage or sewage treated
water (STW) to industries but some municipalities have
been reluctant to forego the revenue that they receive
from the supply of industrial water (due to higher tariff
on water for industrial and commercial use). They may
be far more willing to invest in supply augmentation
projects (as the capital cost is met through state/central
grants, such as the Jawaharlal Nehru National Urban
Renewal Mission or JNNURM) than in wastewater
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recycling. The use of sewage treated recycled water by
large industries (including power plants) located near
urban areas should be mandated. Eventually industries
should recycle all their water. Tariffs should reflect the
opportunity cost of freshwater to incentivize a shift to
the use of recycled water IDFC 2011).

Although CPCB rules require that all sewage gener-
ated be collected and treated by municipalities, very
liccle is actually treated. The total installed treatment
capacity in the country is about 19 per cent of the total
sewage generation (Chapter 21). Given that municipal-
ities have weak financial capacity, to incentivize them
to construct sewage treatment plants, grants or loans
should be provided. Grants could fund the pipeline
network for collection of sewage and loans could fund
the construction of sewage treatment plants (ibid.).
For sustainability, it is important that there is an ori-
entation towards O&M cost recovery and operational
efficiency. In allocating grants like JNNURM, it could
be mandated that all bulk water supply projects be
complemented by an increase in sewage infrastructure.
Incentives and funding should be tied to reaching
certain sewage treated water reuse benchmarks.

Since the cost of a sewage network is high, CPCB
is encouraging decentralized treatment plants. In
Chennai, for instance, regulations mandate all new
housing colonies to set up their own sewage treatment
plants for management of wastewater. Tariff structures
for domestic uses could be devised in a way that the
consumption of freshwater is charged higher while
STW is supplied at a subsidized rate or free of cost, to
incentivize use of recycled water (Chapter 21). All these
regulations and incentives will need to be supported by
strong awareness programmes on using recycled water,
as was done in Singapore (Chapter 16).

The use of market-based instruments for water pol-
lution control has been limited. Even where they are
specified, in the form of tax concessions on adoption
of pollution control equipment, they are for specific
abatement technologies and activities leaving no incen-
tive for innovation. There is some evidence of informal
regulation of polluting industries. This includes public
interest litigations filed by locals affected by pollu-
tion from industries and civil society protests forcing
industries to comply with regulations (Chapter 19).
Moreover, consumers are beginning to demand green
rated products.
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Effecting pollution control will require a number
of initiatives: (i) extensive data on physical accounts
of environmental changes, which are gathered by
monitoring stations, (ii) fiscal incentives for adoption
of abatement technologies with due scope for inno-
vation, and informal regulation in the form of green
ratings, (iii) for municipalities, stringent conditions
which link treatment of sewage water as a precondition
to fiscal devolution from states, (iv) a market for the
use of treated water needs to be developed. Potential
uses could include non-potable water uses, irrigation
uses and groundwater recharge, and (v) norms for
controlling pollution by agriculture. Though pollution
discharge norms exist for the domestic and industrial
sector, there are none for agriculture, which is a major
source of contamination of groundwater in rural areas
as a result of overuse of subsidized fertilizers.

CONCLUSION AND RECOMMENDATIONS

The impending water crisis is already evident in several
parts of the country. We need to act decisively to pro-
tect our water resources and use them judiciously. A
radically new approach to water management and use
is required. It must be understood at all levels, national,
state, and local, as well as by the public at large, that
our available water resources are finite and will be un-
predictably affected by climate change.

The new water policy, which is being formulated,
should set the strategic vision for the sector with eco-
logical balance, equity, and demand management being
central to all planning and actions related to water. To
be effective, the policy should have statutory backing
and be signed by all the states.

The policy should be governed by two doctrines—
‘public trust’, implying that water is held by the state
on behalf of the community, and the ‘right to water’,
guaranteeing a minimum core quantity and quality of
water to individuals. Water is essential to life. It should
be enshrined in the Constitution as a fundamental right
and not left to judicial interpretation. Along with its
recognition as a fundamental right, the state should be
legally obliged to provide a minimum amount of safe
drinking water to each person. The rural drinking water
policy, which has been ‘diluted’ to household averages
from individual entitlements, needs to be in consonance
with this. Meeting the ‘right to water’ should have pri-
ority over all other priorities of the government.

Water for all purposes over and above drinking
water should be treated as a socio-economic good,
which should be allocated for various uses accord-
ing to priorities in an equitable manner. Appropriate
pricing mechanisms should be used to incentivize
prudent use.

There is an urgent need to control the over-
exploitation of groundwater. Legislation is needed to
separate water rights from private land rights. It needs
to be understood that the landowner does not own the
water beneath his land; it is a common pool resource.
The state may control the use of water through a
permit/licensing system as is being done in many coun-
tries, but it may be difficult to enforce regulations on
the 20 million tube well pumps already in use. Alterna-
tively, it may be more effective to introduce participa-
tory processes in groundwater management through
aquifer/water users associations, if democratically
elected. In any case, appropriate pricing of electricity
and water can only help to improve efficiency in water
use and groundwater management. So, distortions such
as subsidized electricity tariffs for agriculture and other
forms of subsidy should be phased out to promote
efficient utilization of water in agriculture.

The focus of irrigation development projects needs
to shift from large canal based surface irrigation projects
to greater conjunctive use of surface and groundwater
resources. More important than investment, though, is
a need to improve the management of the main systems
by reforming the irrigation bureaucracy towards a per-
formance-based system.

Similarly, in the case of urban water services, the
focus should be on performance improvement. Utilities
should undertake periodic water audits, reduce their
non-revenue water, implement measures to improve
O&M, and adopt energy-efficient solutions. There is a
need to professionalize the municipal cadre and adopt
transparent processes in the appointment of managers
to run water utilities.

In fact, as required by the 73rd and 74th Consti-
tutional amendments, states have devolved power to
local institutions for water resource management and
supply but these powers are merely on paper; they have
not been accompanied with commensurate financial,
technical, and managerial resources.

At the local level, major efforts are needed for har-
nessing, retaining, and re-using water. Small, decentral-



ized rainwater harvesting structures, and innovative
watershed management programmes involving com-
munity participation need greater thrust.

Wastewater recycling offers immense potential
particularly since the costs of recycling have reduced
dramatically. This makes reuse of wastewater for non-
potable purposes a viable option. Industries do face
some challenges in setting up their own recycling
plants, such as huge capital costs, access to sufficient
sewage at a reasonable cost, and land to accommodate
recycling plants. But as a start, the use of sewage treated
recycled water by large industries (including power
plants) located near urban areas should be mandated.
Eventually all industries or clusters of industry should
recycle all their water. Municipalities too should
recycle wastewater and supply it at a discount to fresh
water prices to promote use of recycled water by resi-
dential and commercial establishments. It may need ef-
fective regulation to force them to undertake treatment
of sewage water.

Water pollution is a major problem that is threatening
the sustainability of water bodies. Punitive mechanisms,
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such as closure of industries for non-compliance, alone
have not worked. Market-based mechanisms compris-
ing taxes on polluting industries, and tax concessions
for adoption of abatement technologies, should supple-
ment the current legislation. Mechanisms such as green
ratings should also be promoted and eventually be
made mandatory.

The security of our water future depends on how
we manage our water resources today. This will require
a concerted effort on the legal, policy, regulatory, and
institutional front for better management and efficient
usage of water. Accurate data and information systems
are key to effective planning and management of water.
Appropriate valuation of water uses will be necessary
to design and promote demand management, recycling
of wastewater, rainwater harvesting, and also to deter
the polluting of water bodies. Extensive awareness
and education programmes need to be undertaken in

parallel.
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A River Basin Perspective of
Water Resources and Challenges

Anju Gaur and Priyanie Amerasinghe’

INTRODUCTION

The surface water resources potential in India is esti-
mated to be around 1,869 km®. Due to topographical
constraints and spatio-temporal variations in resources,
it is estimated that only about 1,123 km?, (690 km’
from surface water and 433 km® from groundwater)
(Central Water Commission [CWC] 2010), can be
used. According to the Food and Agriculture Organiza-
tion (FAO), United Nations, the per capita availability
of less than 2,000 m?/year is defined as a water-stressed
condition, and the per capita availability below 1,000
m?/year is termed as a water-scarce condition. Due to a
3-fold increase in population during 1951-2010, the
per capita availability of water in the country as a whole
decreased from 5,177 m?/year in 1951 to 1,588 m?/year
in 2010 (CWC 2010). This suggests that at a macro
level, India is in a water-stressed state. The story at the
local/regional level is far starker. Increasing shortages are
felt at local levels which can spread to the regional level
as the population continues to grow. India is divided
into 20 river basins. Out of these, 14 basins are in
a water-stressed condition (of which 10 are water-
stressed, Table 1.1). The disparity among river basins is
wide. The Brahmaputra-Barak basin has a total
water availability of 11,782 m?/per person. On the
other hand in river basins, such as Sabarmati and east

flowing rivers (Pennar and Kanyakumari), the availabil-
ity of water is as low as 260 m? per person per year
(Table 1.1).

The stress on water resources (both surface and
groundwater) is increasing rapidly due to rising
demands of various users and the deteriorating quality
of water. In many regions in India the extraction of
groundwater is more than the recharge (Chapter 7).
The pollution of water resources caused by discharge
of untreated municipal sewage and industrial effluents
in rivers and the sea, and agro-chemicals penetration in
groundwater has further exacerbated the availability of
good quality water.

In short, the country’s fragile resources are stressed
and are depleting fast, both in quantity and quality.

Preserving the quality of waterand managing multiple
demands on it require an integrated water management
strategy. The problem, however, is that water is a state
subject and its management is spread across multiple
organizations with hardly any coordination. This has
posed difficulties in streamlining management issues.
Another challenge in the management of water is that
state boundaries do not coincide with the geographical
boundary of the resource. Though the National Water
Policy, 2002 recognizes that river basins should be the

¥ The authors are thankful to Jai Mansukhani for his help in preparing the database. The views expressed in this chapter are those
of the authors alone and do not necessarily represent the official position of the World Bank.
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basic hydrological unit for integrated planning and
development of water resources, this has not happened
so far.

This chapter presents an overview of the state of
water resources in India. Though the strategies and
policies to address various issues affecting the sector are
discussed in later chapters, key strategic issues to bridge
the gap between increasing demand and supply at the
basin level are presented in this chapter.

StaTus oF WATER RESOURCES
AVAILABILITY IN INDIA

The system of surface water resource in India comprises
of 20 major river basins. Seven rivers and their tributaries

Area of inland
drainage in Rajasthan

Ficure 1.1

Source: Adapted from CWC (2010).

Ladakah and not draining into Indus

feed these river basins (Figure 1.1). Of these 20 river
basins, 13 are large comprising an aggregate cacchment
area of 2.6 million square km (Table 1.1). These 13
major river basins together are spread over about 81
per cent of the geographical area of the country. There
are, however, substantial challenges and variations that
these river basins face in their water availability.

These river basins depend on precipitation for water.
Rainfall being the major component of precipitation
is highly seasonal as most of the rain is concentrated
during the monsoon season which lasts over 4-5
months (June to September/October). Further, there
are huge geographical variations in the rainfall across
the country. The western parts of Rajasthan get merely

Minor rivers draining
into Myanmar & Bangladesh

Brahmani & Baitrani

EFR between
Mahanadi & Pennar

EFR between

Pennar & Kanyakumari

Major River Basins in India
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100 mm of rain during the year, while Cherrapunji in
Meghalaya gets yearly rainfall of 11,000 mm. Hence,
the annual average surface water that is available in the
river basins varies a lot. Table 1.1 presents the estimated
average annual surface water potential across various
river basins.

There are huge variations in the extent of catch-
ment areas of river basins and their surface water
potential. The geographical coverage of the Ganga
and Brahamputra-Barak river basins is the largest and
covers about 34 per cent of the country served by all
river basins. The Ganga and Brahamputra-Barak river
basins account for 60 per cent of the average annual
water resources potential. However, due to topographi-
cal constraints and spatio-temporal variability of the
availability of water only 48 per cent of the total water
potential in the Ganga basin and 4 per cent of the total
water potential in the Brahmaputra basin is utilized.
On the other hand, three river basins in southern
India (Godavari, Krishna, and Cauvery) together rep-
resent 21 per cent area of the country area while they
account for only 11 per cent of the surface water.

Table 1.1 also presents information on basin-wise
utilizable surface water. The utilizable surface water
as a percentage of the total water resource poten-
tial is far higher for southern river basins, such as
Godavari, Krishna, Cauvery, Pennar, and east flowing
rivers between Pennar and Kanyakumari river basins,
than others. In the Pennar, Kanyakumari, and Tapi
river basins, nearly all the water resource potential is
utilizable. However, there is huge potential to tap the
water resource in other river basins.

Surface Water Development through Storage

In order to address spatial and temporal variations
across river basins and to increase water availability,
water storage capacities have been developed along the
rivers to meet the demand for water throughout the
year. Surface water storages are categorized as major
(live storage >10 km?), medium (2—-10 km?), and minor
projects (or irrigation tanks with culturable command
area <2,000 ha). The total live storage in major and
medium projects is 221 km? (from completed projects),
which contributes 32 per cent to the total utilizable
surface water. In addition, the storage capacity of 191
km? is either under construction or is being considered
for development. Estimated total storage capacity of

completed, ongoing, and contemplated projects, would
be 412 km?® which will take the total utilizable surface
water to 881 km? from the present level of 690 km? for
all river basins taken together.

The Krishna basin leads in terms of existing stor-
age capacity (41.80 km?), followed by the Godavari
(25.12 km?), and Narmada basins (16.98 km?). In
the southern river basins, where availability of water
resource is a problem, including Krishna, Godavari,
Cauvery, and west flowing rivers, water harvesting is
prevalent through tanks. Indiscriminate increase in
storage, however, affects the natural regenerative capac-
ity of rivers. Certain amount of river flow is therefore
necessary. In the Krishna basin, the surge in storage
development since the 1960s resulted in a drastic
reduction in river discharge and outflow into the sea
from an average annual flow of 57.22 km?® during
195060 to 24.94 km? during 1995-2005 (Gaur et al.
2007). The actual surface water usage during a normal
year in the basin is 117 per cent of the storage capacity
in the basin. The existing storage capacity in the west
flowing rivers of Kutch, Saurashtra including Luni,
Narmad, Brahmani, and Baitarni exceeds 50 per cent
of their respective average annual natural flows. As a
consequence, the overall flows reaching the sea from
these rivers have reduced drastically. On the other
hand, water rich basins, such as Brahmaputra and Barak
have very low storage capacity, just about 9 per cent of
the annual natural flow. In terms of planned storage
capacity, the southern river basin of Pennar, which faces
immense water shortages, leads in terms of planned
storage development followed by the Tapi basin. This
additional storage will, however, reduce the average
annual natural flow of rivers in these basins by more
than 70 per cent. On the one hand while it is necessary
to tap the river flow by increasing storage capacity, it is
important to balance the new development of storage
in a way that the regenerative capacity of the river is
not affected.

StaTUs OF GROUNDWATER

The potential groundwater resource has two compo-
nents—static (10,812 km?) and dynamic reserves (433
km?). Although static reserves are high, they cannot
be exploited except in an emergency as they are non-
replenishable. Only the usage of dynamic reserves,
which are replenished seasonally, is permitted (Ministry
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of Water Resources 2002). The zone of fluctuation for
the dynamic resource is about 450 m below the ground
level in the alluvium soil aquifer in the Indo-Gangetic
Valley, 100-150 m in the inland river basin, and 200
m in hard rock aquifers. The major source for dynamic
recharge is rainfall, which contributes about 67 per cent
of the recharge. The rest of the groundwater recharge
happens from non-rainfall sources, such as leaky canals,
tanks, and local water bodies (Central Ground Water
Board 2004).

Table 1.1 gives the estimated replenishable ground-
water resource by river basins. Though a detailed
discussion on groundwater is presented in Chapter
7, the key points that emerge from the distribution
of groundwater across the country are discussed here.
Nearly half of the replenishable groundwater resource is
located in the Ganga-Brahmaputra-Barak river basins.
The Indus river basin accounts for another 25 per cent
of the replenishable groundwater resource. Of the total
utilizable water, groundwater comprise about a third
except in Ganga-Brahmaputra-Barak, where it is about
42 per cent, and in Subernarekha, Brahmani, Baitarni,
Mahanadi, and Narmada where it is 25 per cent or
less. Unlike the availability of surface water, which is
highly seasonal, groundwater is a steady source of water
throughout the year. Of the total storage of water that is
available throughout the year (comprising surface water
storage plus the replenishable groundwater resource),
groundwater constitutes nearly 50 per cent, though
there are inequalities across river basins. In the Ganga
river basin, the share of groundwater in the total water
storage is about 64 per cent. In basins like Krishna,
Mahanadi, Subernarekha, and Narmada the share is
35 per cent or less.

Groundwater Resources Development

At the national level, the net annual groundwater draft
is about 231 km?® which is 58 per cent of the dynamic
reserves. Nearly 92 per cent of the groundwater draft
is used for irrigation while the remaining is used for
domestic and industrial use.

The groundwater resource has been exploited to
the extent that many regions in the country are facing
severe problems (Chapter 7). The overexploitation of
groundwater has resulted in a number of problems, such
as sea water ingression in coastal areas and groundwater
pollution in different parts of the country.

The challenges for further development of ground-
water systems are two-fold: (i) how to restrain ground-
water use to sustainable levels in overexploited regions?
and (ii) how to develop the large untapped groundwater
potential, which exists in eastern India? The willing-
ness to control the overexploitation of the groundwater
resource by farmers by using eflicient irrigation systems
has remained weak. Subsidized electricity supply in
most regions has further exacerbated the overexploita-
tion of groundwater.

WATER DEMAND AT THE RIVER
Basin LEVEL

The demand for water will grow from 656 km?in 2010
to 1069 km? by 2050 (Thatte et al. 2009). Irrigation
is the largest consumer of water, which accounted
for 85 per cent of the water demand in 2010 (Table
1.2), followed by domestic use (6 per cent), energy
development (3 per cent), and industries (6 per cent).
The demand for water from non-irrigation sectors will
grow rapidly over the next 40 years. The demand for
water in the domestic sector will grow 2.6 times, energy
3.7 times, and industry 2.2 times during 2010-50
(Thatte et al. 2009).

The National Commission on Integrated Water
Resources Development (NCIWRD) has estimated the
multi-sector uses within basins (Table 1.3). Following
the National Water Policy, 2002 criteria for allocation,
priority was accorded to domestic use, followed by
irrigation, industries, and other uses. For agriculture,
NCIWRD assumed that the efficiency of surface irriga-
tion systems would increase to 60 per cent from the
present level of 35-40 per cent. The estimates indicate
that 9 out of the 20 river basins do not have sufficient
water for industry or other uses. Based on the avail-
ability of water according to priority of use, river basins
like Indus and Sabarmati did not have any residual
water left for industrial and other uses even in 2010. The
situation will be worse in 2050 when Ganga and the
basin fed by the east flowing rivers Mahanadi and
Pennar will also face severe water availability problems.
Estimates for 2010 indicate that at the basin level, d
mestic water accounted for 9 to 46 per cent of the total
water demand (based on Table 1.3). Even in water rich
basins, such as the Barak, domestic water constitutes the
major demand for water. Due to low storage capacity
the availability for other uses cannot be enhanced. By



8 India Infrastructure Report 2011

TaBLE 1.2 Available Water Resources in India and Demand Projections by 2025 and 2050

Water Resources Year
2010 2025 2050

Estimated annual precipitation (including snowfall) (km?) 4000
Average annual potential in rivers, (km?) 1869

Estimated utilizable water (km?) 1123 1379
Surface (km?) 690 910
Ground (km?) 433 469
Existing surface storage (km?) 214 412 412
Population (million) 1150 1394 1750
Per capita actual water availability (m?) 977 806 685
Per capita actual storage (m?) 186 296 235
Irrigated area SW (M ha) 87 139 175
Water demand " (km?)

Domestic 43 62 111
Irrigation 557 611 807
Industry 37 67 81
Energy 19 33 70
Total 656 773 1069
Water regeneration (Mega Litre/day) 45133 68123 132253
(km?) 16 25 48

Source: Central Water Commission,  Adapted from Thatte et al. (2009).

2050, domestic water will account for 12-55 per cent
of the total water demand mainly due to an increase in
population. Three more river basins of Ganga, Krishna,
and Subernarekha will be added to the list of water scarce
basins, taking the number of water-scarce basins to 12
by 2025. By 2050, the Indus basin may also become
water-scarce while the Godavari basin may come closer
to the water-scarce level.

By 2050 the level of water demand will reach closer
to the utilizable level. Harnessing all of the 690 km?
of utilizable surface water will be possible only if match-
ing storage is built. As shown in Table 1.2, by 2025
the use of recycled water may be able to partially serve
a basin’s water demand through water conservation
schemes but that will add only a tiny component to
the overall water availability. Adopting various mea-
sures for exploring and tapping the remaining water

resources, in addition to innovative water conserva-
tion and management techniques, would be necessary.
Central Ground Water Board has estimated that it is
possible to increase the groundwater availability by
about 36 km?, by taking up rainwater harvesting and
artificial recharge over an area of 45 M ha utilizing
surplus monsoon run-off. Trans-basin transfer of water,
if taken to the full extent could further increase the uti-
lizable quantity by approximately 220 km® (Planning
Commission 2008).

CHALLENGES FOR WATER RESOURCE
AVAILABILITY, MANAGEMENT, AND
SUSTAINABILITY

There are a number of externalities associated with
the water resource that affect its availability, manage-
ment, and sustainability. Externalities, such as floods
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and droughts caused by extreme climatic factors, affect
the livelihood and economy of a region. The quality of
water and trans-boundary issues have an impact on the
availability of this resource for consumption.

Extreme Climate Factors: Flood
and Drought

Floods and droughts affect vast areas of the country
that transcend geographical boundaries of states.
One-sixth of the geographical area of the country
(about 40 M ha) is drought-prone. Similarly, floods
affect around 7.5 M ha of land each year. Despite such
an impact of these calamities, experience in managing
their impact has been poor. Managing the impact of
droughts as well as floods requires a system of data col-
lection, transmission, forecasting, and dissemination
through an early warning system. However, a majority
of the flood warning systems in India are not timely,
primarily due to poor transmission. Delays cause enor-
mous damage to property and lives every year. More-
over, models that are used for flood forecasting and
its influence zones are not rigorous enough due to lack
of integration of hydrology and the weather forecasting
systems.

The lead time for flood forecasting can be improved
through the use of hydraulic and hydrologic models
which are linked to the weather forecasting system,
the real time data acquisition system, and the reservoir
operation system. It is possible to improve the current
forecasting methods by using satellite based information
for better estimates of rainfall and snowmelt. Attempts
are being made to modernize site-specific forecasting
systems with satellite based telemetry, which will
improve overall basin-wise forecasting.

Water Quality

Poor water quality will further strain the availability
of freshwater for various uses. The quality of water has
become a serious problem in river basins. About 70 per
cent of the surface water resources and large propor-
tions of groundwater reserves have been contaminated
due to indiscriminate discharge of wastewater from the
industry, agriculture, and households sectors which
contain biological as well as toxic organic and inorganic
pollutants.

Water pollution across river basins varies in severity
depending on the degree of urban development, agri-

cultural and industrial practices, and systems for
collecting and treating wastewater. The Central Pollu-
tion Control Board (CPCB) has identified some of the
polluted river stretches and possible sources of pollution
(Table 1.4).

Most of the polluted stretches of rivers are located
in and around large urban areas. Municipal sewage
contributes about 75 per cent and industrial pollution
accounts for the rest of the point source pollution.
Class-I and Class-II cities together generate an estimated
38,254 MLD of sewage (CPCB 2009). The treatment
capacity of 11,787 MLD in 2009 was far behind the
requirements. By 2050, the sewage generation from
Class-I, II cities will increase by three-and-a-half times
to 132,253 MLD, which will pose serious problems if
concerted efforts to add wastewater treatment capacity
are not undertaken.

Groundwater is also polluted due to point and non-
point source pollution. In some areas, the groundwater
is not of the desired quality due to geogenic elements.
For example, occurrence of high fluoride content has
been reported in 13 states. Other pollutants, such as
arsenic in West Bengal, and iron in the north-eastern
states, Orissa, and other parts of the country have
also been reported. In the canal irrigated land of
Haryana, Punjab, Delhi, Rajasthan, Gujarat, Uttar
Pradesh, Karnataka, and Tamil Nadu, groundwater is
affected due to salinization (the affected area comprises
over 193,000 km? of land) (Thatte et al. 2009).

Efforts were made in the past to clean water resources
through government intervention. The Ganga Action
Plan implemented under the National River Conserva-
tion Plan (NRCP—1995/96) covers pollution abate-
ment activities in 34 rivers and 160 towns in 20 states.
Major interventions under the plan include intercep-
tion and diversion of sewage into networked channels,
construction of sewage treatment plants (STDPs), low
cost sanitation works, and river front development
activities. Pollution abatement plans have been adopted
for some rivers for implementation through a designated
authority for the purpose (for example, the National
Ganga River Basin Authority in 2009), where holistic
approaches are being utilized. Though other formal or
informal authorities are being set up for river pollution
abatement activities, synergy between regulatory and
implementing authorities is necessary for future water
development programmes.
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TaBLE 1.4 Pollution in Selected Stretches of Rivers Basins

S. No.  Name of the river basin ~ Polluted Stretch Existing  Critical Possible Causes of Pollution
Class* Parameters
1 Indus Satluj: Downstream of D/E BOD, DO  Domestic from Ludhiana and
(up to the border) Ludhiana to Harike Jalandhar, and industrial from

Satluj: Downstream
of Nangal

2 Ganga Chambal River: Downstream
of Nagda and Kota

Gomti: Downstream of
Lucknow

Hindon: Sahranpur to
confluence with Yamuna

Kali: Downstream of
Modinagar to confluence
with Ganga

Yamuna: Delhi confluence

with Chambal

2.1 Brahmaputra, Downstream of Dhanbad
Barak, others

3 Godavari Downstream of Nasik,

Nanded

4 Krishna Karad to Sangli

5 Subernarekha Hatia Dam to Bharagora

6 Sabarmati Starting from u/s of
Ahmedabad to Vautha
through Sabarmati Ashram

hosieries, tanneries,
electroplating, and engineering

D/E Ammonia Waste from fertilizer, cholarlkali
mills from Nangal
D/E BOD, DO  Domestic and industrial
D/E BOD, DO, Domestic and industrial
Coliform from distilleries
D DO, BOD, Domestic and industrial
Toxicity
D/E BOD, Domestic and industrial
Coliform
D/E Domestic and industrial waste
from Delhi, Mathura, and Agra
D/E BOD, Industrial pollution from
Toxicity Dhanbad, Asansol, Haldia, and
Brunpur
BOD Industrial waste from sugar

industries, distilleries, and food
processing industries

D/E BOD Industrial waste from sugar
industries and distilleries

D/E Ammonia Domestic and industrial from
Ranchi and Jamshedpur

E BOD, DO, Domestic and industrial

Coliform from Ahmedabad

Source: Central Pollution Control Board and Jain et al. (2007).

Notes: *As per CPCB ( http://cpcb.nic.in/data2005.php last accessed on 20 September 2011) the existing classes for water quality are

A (good) to E (very bad):

* D is best suited for wildlife and fisheries (pH 6.5-8.5, Dissolved Oxygen > 4 mg/l, Free Ammonia < 1.2)
* E is best suited for irrigation and controlled waste disposal (pH 6-6.5, EC < 2250 Mmhos/cm, SAR < 26 Boron < 2 mg/I).

Trans-boundary Water Issues: International and
Inter-state Scenarios

From a river basin perspective, water resource develop-
ment and management has to address trans-boundary
water allocation issues. Since water management is
done through sector-wise administration by a number

of government entities spread over 11 Central minis-
tries, state governments, and local bodies water politics,
rights, and conflicts are commonplace (discussed in
detail in Chapters 3 and 4). Hence, the political
economy drives the water agenda nationally and inter-
nationally.
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Out of the 20 river basins, the two largest—the
Indus and the Ganga-Brahmaputra-Barak basins are
international river basins and the management of water
resources is, therefore, driven by agreements or treaties
between riparian countries. The remaining basins are
mostly inter-state basins and a majority of them have
commissions or boards to manage water issues. Accord-
ing to the Indian Constitution, water is a state subject
and the role of the centre is limited only to the extent
of managing the water resource in case inter-state river
water disputes arise (Thatte et al. 2009). It may seem
that the states have absolute rights over rivers and lakes
but the Indian Easement Act, 1882 allows other users
to claim prescriptive rights to the waters if customary
usage of water can be established for a period of 20
years or more (D’souza 2006). In that sense, there are
multiple rights holders—states, sectors, individuals,
and communities—who hold various types of water
rights. Multiplicity of rights poses problems for an in-
tegrated management of the water resource and hence
its equitable availability. Rights related to water need an
appropriate framework (this aspect has been discussed
in Chapter 5) to reduce water conflicts between states,
sectors, and people.

Programmes and Institutions Involved
in the Sector

Growing demand across competing sectors, increasing
occurrence of droughts, declining water quality, ex-
treme weather conditions, inter-state river disputes,
and inadequate institutional reforms and enforcement
are some of the problems that the water sector in
India faces today. The major areas that need attention
are: management of existing water assets (used
for irrigation and water supply systems) and water
resources together with water sector institutional
reforms. Towards this end, the Government of India
has initiated a number of programmes and projects in-
cluding the Accelerated Irrigation Benefits Programme,
Hydrology Projects 11, setting up of a Water Quality
Assessment Authority, Command Area Development
and Water Management Programme, National Project
for Repair, Renovation and Restoration of Water Bod-
ies, Flood Management, and setting up of River Basin
Organizations. In addition, water resources restructur-
ing projects are on in Andhra Pradesh, Maharashtra,
Rajasthan, Uttar Pradesh, Madhya Pradesh, and Tamil

Nadu which are aimed at modernizing irrigation
systems. These programmes aim at a dressing the
infrastructure gaps that exist and managing the
water resource to enhance its quantity, quality, and
sustainability.

Despite the conceptualization of a number of
programmes, effective implementation has been chal-
lenging due to different priorities of implementing
agencies, poor coordination among implementing
departments, and low level of monitoring mechanisms.
For example, from a functional point of view, the
responsibility for ensuring adequate availability of
water for agricultural use is divided among the Ministry
of Water Resources (MoWR), which is responsible for
major, medium, and minor irrigation programmes, the
Department of Land Resources which is responsible
for watershed management, the Department of Rural
Development which is responsible for the Mahatma
Gandhi National Rural Employment Guarantee Act
(MGNREGA) which deals with water conservation
issues, and the Department of Agriculture which
addresses issues associated with water use efficiency
(Figure 1.2). Requirements of rural drinking water,
which are largely met through groundwater sources,
are in the functional domain of the Department of
Drinking Water Supply (DDWS) within the Ministry
of Rural Development (MoRD). The development and
management of groundwater involves other players
and schemes that lie outside the purview of DDWS.
Similarly, in the urban context, the Ministry of Urban
Development (MoUD), states and its various depart-
ments and urban local bodies (ULBs), are involved in
the supply of water within cities. In order to make these
institutional arrangements effective, proper planning,
convergence of various agencies, site-specific design,
and monitoring using modern techniques, such as
remote sensing have to be in place.

Given that water availability in India will be under
tremendous stress in the future and many river basins
will face severe water shortages rising demand and
the deteriorating quality of water needs policies and
strategies that manage the resource holistically.

POLICIES AND STRATEGIES

While the policies and strategies for the water sector
and the institutional arrangements to deliver them
have been discussed at length in various chapters in this
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Source: Authors” own.

volume, a brief review of select policies and strategies is
presented here.

Integrated Water Resources Management and
River Basin Organization

In order to cater to multi-sectoral water demands and
an optimum and judicious utilization of the available
land and water resource, integrated water resource
management (IWRM) is necessary. A basin authority,
such as a river basin organization (RBO) is best
suited to implement the principles of IWRM and for

planning inter-state water allocation. The functions
of an RBO should include assessing water availability,
preparing comprehensive plans for the operational
development of surface and groundwater systems, and
promoting measures for prevention of water logging,
water conservation, and ensuring water quality. The
need for RBOs for inter-state water allocation and
decision-making has been extensively discussed at the
government, non-government, and political levels
in the country. However, with the exception of the
Brahmaputra and Barak Board and the Betwa River
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Board, such basin authorities have not been realized.
These boards were set up by the MoWR in 1980 for
planning and for the integrated implementation of
measures for the control of floods and bank erosion
in the Brahmaputra Valley." A few basin authorities,
such as the Narmada Control Authority and the Upper
Yamuna River Board are involved in the operation of the
water system, but are not considered full-fledged basin
authorities. While the Brahmaputra and Barak boards
have comprehensive functions encompassing a whole
range of inter-state and basin management functions,
other river basin authorities, such as the Narmada
Control Authority have limited functions relating only
to the construction of a project. These boards were set
up at the initiative of MoWR with not much support
from states causing inefficiencies in their operations. If
such boards are created with the support of the state,
their functions will become more effective (see Box 1.1
for details about the Brahmaputra Board).

Recently, the Krishna Water Distribution Tribunal
IT suggested that a Krishna Basin Authority should be
created along the lines of the Murray-Darling Basin
Authority in Australia for the integrated management
of the water resource (see Box 1.2).? The authority is
proposed to be constituted by the Government of
India and will be headed by a panel of experts repre-
senting environment, irrigation, agriculture, ground-
water, geology, health, and ecology to protect the river
basin area for its long-term sustainable productivity

and ecology.

National Water Policy

The National Water Policy (NWP) was first formulated
and adopted in September 1987 and later updated in
2002. It covers a comprehensive plan for India, and
if adopted at a basin level, it can add value to water
development programmes. We now discuss some of the

highlights of this policy.

Box 1.1
The Brahmaputra Board

The Brahmaputra-Barak Basin

* One of the largest rivers in the world with a specific yield of 85 ha m/km? or 850 millimetre next to the Amazon river

(87 ha m/km? or 870 millimetre).

* The basin extends over an area of 592,000 km? and falls in Tibet, India, Bhutan, Bangladesh, and Myanmar.
¢ 'The seven riparian states are Arunachal Pradesh, Assam, Meghalaya, Manipur Mizoram, Nagaland, and Tripura.

¢ The system serves a population of 50 million in India.

*  Out of the total water potential of 585 km? within India, only 42 km? is available for beneficial use due to topographical

constraints.

* Due to high yield, the basin is highly prone to floods with very low storage capacity of 2.3 km?®. Almost 50 km? of storage

is under construction or consideration for development.

* In 1980, the Brahmaputra Board was set up under the Brahmaputra Board Act, 1980 to prepare a master plan for the
control of floods in the Brahmaputra Valley giving due regard to the overall development and utilization of the water

resources.

¢ Institutions involved in the Brahmaputra Barak Basin are the board, state representatives, the Central Water Commission,
Central Electrical Authority, Geological Survey of India, and the Indian Meteorological Department.

Main Functions

The Board became effective in 1982. Its main functions are:

* Preparing a plan for flood control and utilization of water resources for various uses.
* Preparing a detailed report and estimates for proposed projects.
* Construction, maintenance, and operation of multi-purpose projects with the approval of the central government.

Source: Brahmaputra Board. Available at: http://brahmaputraboard.gov.in/organisation.htm

' Brahmaputra Board. Available at: http://brahmaputraboard.gov.in/organisation.htm last accessed on 20 September 2011.
*Murray—Darling Basin Authority. Available at: http://www.mdba.gov.au/last accessed on 20 September 2011.
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Box 1.2
The Murray-Darling Basin Authority

The Murray-Darling Basin

Possesses 23 river valleys covering 1 million square km, covering 14 per cent of Australia.

The riparian five states and territories are New South Wales, Victoria, the Australian Capital Territory, Queensland, and
South Australia.

Provides one-third of Australia’s food supply. It serves a population of 2 million inside the basin and 1.2 million outside the
basin.

The total average annual rainfall in the basin is 5,306 km? 94 per cent evaporates or transpires through plants, and
2 per cent drains into the ground, leaving only 4 per cent as runoff.

The total volume of water storage capacity in the basin is around 350 km®.

First Murray-Darling Basin Commission was established in January 1988 under the Murray-Darling Basin Agreement to
efficiently manage and equitably distribute River Murray water resources.

The Water Amendment Act, 2008 (amendment to the Water Act, 2007) was introduced to transfer authority from the
Murray-Darling Basin Commission to the Murray-Darling Basin Authority (MDBA), creating an independent, expert-
based body that would manage the Basin holistically for the first time.

Institutions involved are MDBA, basin states, the Australian Government Minister for Sustainability, Environment, Water,
Population, and Communities.

Main Roles and Responsibilities

Since 2008, MDBA has been planning the integrated management of water resources of the Murray-Darling Basin. The
Murray-Darling Basin Authority is an integral element of the Commonwealth Government’s programme ‘Water for the
Future’ which has four priorities: (i) tackling climate change, (ii) supporting healthy rivers, (iii) using water wisely, and
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(iv) securing water supplies.

In addition to the commission’s former functions, the Authority’s role includes:

 Preparing the Basin plan for adoption by the Minister for Sustainability, Environment, Water, Population, and

Communities.
* Implementing and enforcing the Basin plan.

* Advising the minister on the accreditation of state water resource plans.
* Developing a water rights information service which facilitates water trading across the Murray-Darling Basin.

*  Measuring and monitoring water resources in the Basin.
* Gathering information and undertaking research.

* Educating and engaging the community in the management of the Basin’s resources.

Source: Murray—Darling Basin Authority. Available at: http://www.mdba.gov.au/

Information Systems

National Water Policy supports the development of a
standardized national information system. MoWR’s
efforts towards developing a Water Resources Informa-
tion System (WRIS), are a welcome development where
central and state level information can be integrated
to look at water issues from a river basin perspective.
Efforts are being made under the Hydrology Project
IT to standardize databases and data are being used for
proper planning and management practices. The infor-
mation system can be further modernized with the use
of satellite based telemetry and Light Detection and

Ranging (LIDAR) based surveys. Though the use of
satellite based telemetry and LIDAR is expensive, their
benefits would outweigh the costs.

Water Resources Planning

NWP recognizes a drainage basin as the basic unit of
planning, development, and management of the water
resource and calls for appropriate measures to optimize
the utilization of the water resource. Under Hydrology
Project II, and other projects, efforts are being made to
develop a decision support system for certain aspects
within sub-basins in the states.
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Groundwater Development

The development of groundwater is affected by policies
and strategies from multiple sectors, including power
and agriculture. Improved access to electricity in the
eastern parts of India and incentives that have moti-
vated head enders in canal irrigated area to use ground-
water in place of canal water have contributed to
substantial groundwater development, leading to over-
exploitation of groundwater in many regions. Some
states, such as Gujarat, are implementing regulations to
counter the overexploitation of groundwater.

A typical way by which overexploitation is addressed
is by constructing groundwater recharge structures.
However, this strategy needs careful evaluation. If
overexploited areas in the upstream are supplemented
with recharge structures, it may affect water availability
(even for priority use, such as drinking) in the down-
stream projects. In closed or water-stressed river basins,
water recharge structures should be implemented only
after a proper analysis of the upstream and downstream
implications and their effectiveness, particularly in
southern India where infiltration potential for ground-
water recharge is low.

Participatory Approaches to Water Resources
Management

NWP recognizes the need for legal and institutional
changes at various levels and participatory water re-
source management. Some reforms like establishing
water users associations (WUAs) have been undertaken
but their outcomes appear to be highly variable across
the states (see Chapter 9). WUAs will need to be
further strengthened and empowered. This may even
require changes in the legislature. Currently, a majority
of water-related schemes are introduced through gram
panchayats and not WUAs. Clarity of roles and respon-
sibilities between these two local bodies will strengthen
implementation processes. Apart from WUAs for canal
irrigation, water user groups of water bodies, such as
tanks and groundwater also need appropriate policy
frameworks for a more holistic management of water
development processes within the basins.

Irrigation Projects

Managing irrigation water is necessary to conserve
water in a sector that constitutes 85 per cent of the
water demand and a large part of this demand is due

to inefficient use. There are good examples of well-run
irrigation projects. A case in point is the Parambikulam-
Aliyar Project (PAP) in Tamil Nadu. This project has a
planned operation system which encompasses a system
of rotation of alternate canal system for alternate
seasons, with opportunities for conjunctive use, fixed
schedule, a gravity-based pipe conveyance system, and
a drip irrigation system.

Water Quality

Water quality has become a major concern from a
river basin perspective as upstream pollution has a
downstream impact. Greater emphasis on the use
of clean technologies and adopting context-specific
technological options at different points along the waste
streams is the way forward. In order to achieve this,
from a regulation perspective, economic instruments
(taxes and incentives), which are aimed at resource
conservation, waste minimization, and reuse of wastes,
would be necessary.

Monitoring of Projects

Ongoing and outcome monitoring is the key to mea-
suring the success of projects and should be empha-
sized in all water development programmes. Modern
technologies, such as management information systems
to monitor the progress in implementation, mobile
based technology, a global positioning system (GPS)
based cameras, and satellite based imageries should
be promoted to monitor the impact on land use. The
reliability of data and quick assessment ability can help
in good decision-making which is based on evidence.

Private Sector Participation

Although public-private partnerships (PPPs) for
developing the water resource have been promulgated,
the outcomes have not been as expected. This may be
due to the fact that irrigation projects require large
capital investments and given the low water charges,
these may not appeal to a private investor (discussed in
Chapter 14). An approach for promoting PPPs could
be initiating collaboration by outsourcing services,
such as irrigation system operations and maintenance,
implementing efficient water management techniques,
and agricultural extension projects with agreed output
criteria for improved efficiency of the systems that
clearly define irrigated areas and crop productivity.
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These projects could be of a small size. An appropriate
unit for the size is the command area, which can be
easily monitored.

Research and Development

Research and development offers an array of tools and
techniques for water resource modelling on a basin
scale (discussed in Chapter 2). Opportunities that
are available for developing models suitable for India
with national and international collaboration should
be explored as sophisticated modelling at a hydro-
logical unit is necessary for integrated water resource
management.

CONCLUSION

Given that India is likely to face severe water shortages
in the future, measures to tap the water resource with
prudent conservation measures will be required. Water
shortages are likely to be exacerbated in some basins
more than in the others due to pressures of demand,
inadequate storage, deteriorating water quality, and
rising disputes in inter-state water allocation.
Integrated water management strategies that look
at water in a holistic manner are required. In its pres-
ent state of governance, water is managed by various

local, state, and central agencies. It is necessary to
re-look at the management of this vital resource. The
natural boundary of surface water is its hydrological
boundary—the river basin. There are tremendous
opportunities for improving water availability and se-
curity from a basin perspective, provided the resource
is managed in a holistic and integrated manner at this
level. To achieve integrated water resource manage-
ment, administrative set ups, such RBOs consisting
of multi-disciplinary units, are required for planning
and implementation. The National Water Policy,
2002 encompasses vital initiatives for water resource
management. However, their implementation requires
strategic innovations to meet future demands. Modern-
izing information systems, having innovative resource
planning, implementation, and monitoring of strate-
gies, and focused evaluation systems using modern
and advanced techniques supplemented by efhcient
governance mechanisms are the way forward. River
basin level water development strategies will require
revisiting policies and politics that affect the use of
water which are sectoral. The sectoral nature of water
use creates strategy silos such as energy, agriculture,
remote sensing centres, and environment without giv-
ing due consideration to their inter-linkages.
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Implications of Climate Change for
Water Resources Management

P.P. Mujumdar

INTRODUCTION

Adequate scientific evidence (for example, Intergov-
ernmental Panel on Climate Change 2007) exists
that confirms the global climate is changing. Three
prominent visible signals of climate change are: (i)
increase in global average temperature, (ii) change in
regional precipitation patterns, and (iii) rise in sea lev-
els. Projections based on climate models indicate that
on a global scale, temperatures will keep rising over the
next century, causing rise in sea levels and change in
circulation patterns that affect precipitation. In terms
of impacts affecting normal human life, the biggest
impact will be on water—with respect to both water
availability and extremes of floods and droughts.
Although global scale projections indicate a possible
increase in the mean precipitation over India, consid-
erable spatial variation in the regional precipitation
patterns will result in some regions within the country
receiving lower rainfall in the future. The three promi-
nent signals of climate change convert into signals of
regional scale hydrologic change in terms of modifica-
tions in water availability, changes in agricultural water
demand, hydrologic extremes of floods and droughts,
changes in water quality, salinity intrusion in coastal
aquifers, modification in groundwater recharge, and
other related phenomena. Increase in atmospheric
temperature, for example, is likely to have a direct
impact on the runoff in snow-fed rivers and on the
evaporative demands of crops and vegetation apart

from the indirect impacts on all other phenomena of
interest in hydrology and water resources management.
Climate change, in conjunction with other changes
occurring in the country such as rapid urbanization
and industrial growth, has serious implications for
policy and infrastructure growth in water and other
related sectors.

To understand the regional implications of climate
change on water policy and infrastructure, it is neces-
sary to first obtain regional projections on temperature,
precipitation, streamflow, and other relevant variables
and then use these in the impact models to work out
the specific impacts of the projections. Then, implica-
tions for infrastructure assets and their operations can
be worked out. A common methodology for assessing
the regional hydrologic impacts of climate change is
to use climate projections provided by the General
Circulation Models (GCMs) for specified greenhouse
gas emission scenarios in conjunction with process-
based hydrologic models (see Box 2.1) to generate
the corresponding hydrologic projections. The scaling
problem that arises because of the large spatial scales
at which GCMs operate (compared to those required
in most distributed hydrologic models), is commonly
addressed by downscaling the GCM simulations to
smaller scales at which impacts are needed. This com-
monly used procedure of impact assessment is burdened
with a large amount of uncertainty due to the choice
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Box 2.1
GCMs and Hydrologic Models

The GCMs also commonly known as Global Climate Models are the most credible tools available today for projecting the future
climate. The GCMs operate on a global scale. They are computer-driven models used for weather forecasting, understanding
climate, and projecting climate change. They use quantitative methods to simulate the interactions of the atmosphere, oceans,
land surface, and ice. The most frequently used models in the study of climate change are the ones relating air temperature
to emissions of carbon dioxide. These models predict an upward trend in the surface temperature, on a global scale. A GCM
uses a large number of mathematical equations to describe physical, chemical, and biological processes such as wind, vapour
movement, atmospheric circulation, ocean currents, and plant growth. A GCM relates the interactions among the various
processes. For example, it relates how the wind patterns affect the transport of atmospheric moisture from one region to
another, how ocean currents affect the amount of heat in the atmosphere, and how plant growth affects the amount of carbon
dioxide in the atmosphere, and so on. The models help us to understand how climate works and how it is changing. A typical
climate model projection used in the impact studies is that of global temperatures over the next century. The GCMs project an
increasing trend in the global average temperature over the next century, with some estimates even showing an increase of more
than 4°C, with respect to the temperature during 1980-99 (for example, see IPCC 2007). Such projections of temperature
and other climate variables provided by the GCMs are used to obtain projections of other variables of interest (but are not well
simulated by the GCMs), such as precipitation and evapotranspiration, in the impact studies.

The Hydrologic Models simulate the hydrology much as the climate models simulate the climate. The hydrologic models are
concerned with natural processes dealing with water such as the flow of water in a stream, evaporation and evapotranspiration,
groundwater recharge, soil moisture, sediment transport, chemical transport, growth of microorganisms in water bodies etc.
Hydrologic models operate at a river basin or a watershed scale. They play a significant role in understanding and addressing
a range of problems dealing with water resources at these scales. These problems could be, for example, availability of water
in a basin (its distribution with space and time), quality of water, inundation of land due to flood waters, consumptive use of
water by vegetation and crops, extent of backing up of water due to the construction of a dam and other structures, sediment
deposition and bank erosion, and so on. The inputs required by hydrologic models depend on the purpose for which the model
is built. A river flow simulation model, for example, will need inputs such as precipitation, catchment characteristics such
as the soil type, slope of the catchment, type of vegetation, type of land use, temperature, solar radiation, and groundwater
contribution etc. The typical output from such a model will include the river flow at a location during a period (such as a day,
a week, or a month) and evapotranspiration during the same period.

In climate change impact studies, the projections provided by the GCMs are typically used as inputs to the hydrologic
models to obtain the projections for the hydrologic variables of interest.

Source: Author’s own.
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of GCMs and emission scenarios, small samples of
historical data against which the models are calibrated,
downscaling methods used, and several other sources.
Development of procedures and methodologies to ad-
dress such uncertainties is an important current area
of research. Vulnerability assessment, adaptation, and
policy issues form the logical extensions to provide
water resources managers and infrastructure developers
with options for adaptive responses.

In this chapter, climate change issues specifically
related to water availability and water quality are
discussed, and an overview of implications for water
resources management policies is provided. An accepted
working definition of sustainability of water resources
systems is given and some commonly used measures of

sustainability are introduced. The procedure for climate
change impact assessment is then explained. Recent
studies carried out in India and elsewhere on impact
assessment and development of adaptive policies, along
with implications for urban water infrastructure are
reviewed.

SusTAINABLE WATER RESOURCES
MANAGEMENT

Figure 2.1 shows a typical water resources system. A
surface water reservoir created by a dam construction
across a river serves the purpose of hydropower
generation, irrigation, municipal and industrial water
supply, and flood control, apart from other minor
purposes such as recreation and navigation. The physical
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infrastructure associated with the reservoir includes the
structure of the dam itself with its large structural and
instrumental paraphernalia, such as the spillway gates,
the canal and pipe networks with regulators, siphons,
and cross drainage works etc. for supply of water for
irrigation and municipal and industrial purposes, as
well as penstocks, turbines, and other hardware in the
power house for generation of power. The downstream
structural components of a reservoir often consist of
embankments for flood protection, pump houses and
intake structures for lift irrigation schemes, and water
supply systems for municipal and industrial supply. The
surface water system is hydrologically complemented
by the groundwater system. The structural components
of groundwater usage typically consist of bore wells,
tube wells, dug wells, and pumping systems. As may be
seen from Figure 2.1, there is a continuous hydrologic
interplay among the various components of the system.
The inflow to the reservoir that actually determines
the water available for use is governed by rainfall (or,
broadly, precipitation) in the catchment area. The
downstream flow in the river is governed by the release
of water from the reservoir and the flow resulting from
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rainfall in the catchment downstream of the reservoir.
The groundwater reservoir (aquifer, in a general sense)
also contributes to the river flow through what is
termed as the ‘base flow’. Groundwater recharge takes
place through rainfall and water used for irrigation,
both from surface water and groundwater sources. The
dischargers shown in Figure 2.1 are effluent dischargers.
These may consist of industries and municipalities that
use the assimilative capacity of the river to discharge
wastes in conformity with the regulations stipulated
by the pollution control boards. The non-point source
of pollution of the river waters is mainly storm runoff
that gathers pollutants (for example, pesticides and
fertilizers) from agricultural lands on its way to the
river. The water quality in the river, downstream of
the reservoir, is thus governed by the release from the
reservoir, the intermediate catchment flow, and the
effluent discharges which constitute the point and non-
point sources of pollution.

Structural measures for water resources development
almost always involve a large number of conflicts with
the surrounding environs. Such conflicts include, but
are not limited to, those related to ecological dam-
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ages due not only to submersion of forest areas rich in
biodiversity but also due to irreversible alterations in
habitat environs, displacements of large human popu-
lations, water quality, siltation, soil erosion, ability to
meet future demands, structural and functional failures
of the systems, and so on. In addition, uncertainty
due to changes likely to occur in the future (such as
climate change and land use pattern) poses the question
of sustainability of water resources systems. Defining
and measuring the sustainability of a water resources
system is a major challenge. A working definition for
sustainable water resources systems is given by Loucks
(2000), which defines: ‘Sustainable water resource sys-
tems as those designed and managed to fully contribute
to the objectives of society, now and in the future,
while maintaining their ecological, environmental, and
hydrological integrity’.

Three measures commonly used to examine the sus-
tainability of a water resources system are: (i) reliability,
which is a measure of the ability of the system to meet
demands—both in terms of quantity and quality of
water, (ii) resiliency, which is a measure of the ability
of the system to recover from failure, once a failure oc-
curs, and (iii) vulnerability, which is a measure of the

Climate change projections
(precipitation, temperature,
radiation, humidity)

Downscaling

loss or damage incurred because of a failure. The failure
periods in a water resources system may be defined
variously as, those periods in which the supply is less
than the demand, or the quality of water is less than
that expected, and so on. Resiliency indicates the time
it takes to come out of a failure state. We would prefer
systems with high reliability and high resiliency but
with low vulnerability. These measures are determined
by mathematical simulation of the water resources
system (for example, Mujumdar and Vedula 1992) for
specified operating policies of the system. All the three
measures are directly impacted by climate change in as
much as they depend on water availability, demands,
and water quality among other criteria. In examining
the sustainability of a water resources system, therefore,
it is necessary to project availability of water, possible
deterioration of water quality, and modifications in
occurrence of floods and droughts under climate
change scenarios.

ProjJeECTIONS OF WATER AVAILABILITY
UNDER CLIMATE CHANGE SCENARIOS

Figure 2.2 describes the general procedure used to
assess climate change impacts on water resources at the
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Ficure 2.2 Block Diagram Showing the Procedure for Climate Change Impact Assessment

Source: Author’s own.
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river basin scale. Climate projections for pre-specified
scenarios of greenhouse gas emissions in the atmosphere
are obtained from the GCMs. The projections are next
brought down to the spatial scales of interest. For exam-
ple, if we are interested in precipitation at a sub-division
scale, the projections on climate variables influencing
precipitation, provided by the GCMs—which are at
scales typically of the order of about 250 km by 250
km are ‘downscaled’ to sub-division scales and used for
obtaining projections for future precipitation. These
projections are used as inputs to run hydrologic models
that are calibrated with historically observed hydrologic
variables (for example, streamflow, evapo-transpiration,
and soil moisture etc.). Other inputs used relate to land
use patterns, soil type, and catchment characteristics
etc., which are not likely to be influenced by climate
change. This step of running the hydrologic models
with future projected variables influenced by climate
change produces projections of streamflow and other

variables of interest, and provides an estimate of what
the future streamflow is likely to be in comparison with
the historical flows; thus quantifying the future water
availability in the river basin, under climate change sce-
narios. The time windows used for such assessment are,
typically, the years 2020s and 2040s. Such assessments
should be used for long-term planning and infrastruc-
tural decisions.
Figure 2.3 shows the flow duration curves projected
for the Mahanadi river in East-Central India, using
several GCMs. The flow duration curves specify the
flow that may be exceeded at a given level of probability,
and are used in hydrologic designs of dams, culverts,
bridges, and stormwater drainage networks etc. The dark
blue curve in the figure is the flow duration curve with
the historical data. Other curves show projected flow
duration under climate change scenarios. The mid-level
flows (for example, flows that are exceeded 4070 per
centof the time) govern the performance of the system in
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terms of the water supply for irrigation and hydropower
generation. With many projections indicating a likely
decrease in the mid-level flows (see insets in Figure 2.3)
it is important that the water use polices are designed
to take care of the likely deficit in the coming decades.
This projected decrease in streamflow is because of the
likely decrease in precipitation in the region. However,
as seen from the figure, the direction of change in
the streamflow projected by different models may be
different; that is, some models project an increase while
others project a decrease in the streamflow. Addressing
such uncertainties to provide policy makers with
options of adaptive responses is a challenging task. Raje
and Mujumdar (2010) provide examples of adaptive
reservoir operating policies for hydropower generation.
They use the flow duration curves shown in Figure 2.3
and develop reservoir operating policies for the Hirakud
reservoir to best maintain the reliability of hydropower
generation at the current level, considering trade-offs
between hydropower, irrigation, and flood control.
This work is still at the research stage and needs to
mature to a level where it may be transferred for actual
implementation, because of the large uncertainties

involved in assessment of the climate change impacts.
However, it is clear that water management policies
need to be adjusted to take into account the possible
decreases in inflow to the Hirakud reservoir.

CLIMATE CHANGE IMPACTS ON
River WATER QuALITY

Figure 2.4 shows an example of impact of climate
change on river water quality. This example relates to
the case study of the Tunga-Bhadra river in Karnataka,
discussed by Rehana and Mujumdar (2011). Historical
data analysis shows evidence of decrease in the
streamflow over the last few years in the river, along
with an increase in the temperature in the region.
The checkpoints referred to in the figure are locations
along the stream at which the river water quality is
measured or estimated. Hypothetical climate change
scenarios are used to construct the graphs. The water
quality (which, in this case is measured by dissolved
oxygen [DO] concentration) at a location in a stream
is primarily affected by the upstream activities in terms
of pollutant discharge, streamflow and air and water
temperatures. Given the same level of effluent discharge
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upstream of a location, the lower the streamflow, the
lower will be the DO level at that location, because of
lower dilution effects. Similarly, higher temperature, in
general, implies a lower water quality in terms of DO
concentration. The hypothetical scenarios presented
in Figure 2.4 are combinations of: (i) 1° and 2° rise
in air temperature, and (ii) 10 per cent and 20 per
cent reduction in streamflows. The graphs on the left
show the response of water quality for a 1° rise in
temperature; points along the given line correspond to
different levels of reduction in streamflow (0 per cent,
10 per cent, and 20 per cent). Similarly, the graphs on
the right show the response of water quality for a 2° rise
in air temperature. A line corresponds to a particular
checkpoint, as given in the legend. These results were
obtained by simulating the water quality in the stream,
taking into account the non-point and point source
pollution due to industrial and municipal effluents at
various locations along the stream (for details of the
case study and the methodology used see Rehana and
Mujumdar 2011). The results from the study suggest
that all the hypothetical climate change scenarios
would cause impairment in water quality. It was found
that there is a significant decrease in DO levels due to
the impact of climate change on temperature and flows,
even when discharges were at the safe permissible levels
set by pollution control agencies (PCAs). The need to
improve PCA standards and develop adaptation policies
for dischargers to take climate change into account
is examined through a fuzzy waste load allocation
model developed earlier. Such studies are useful tools
for revising the standards for effluent discharges in
the streams. The pollution control standards may be
designed to take cognizance of the extreme projected
situations, or, given the uncertainties, may be designed
on the basis of the intermediate scenarios.

ImprLICATIONS OF CLIMATE CHANGE ON
URBAN WATER INFRASTRUCTURE

Climate change presents a significant challenge to the
urban water management agencies. The urban water
infrastructure, consisting of water supply systems and
sewage networks, stormwater drainage systems, pump-
ing systems, detention tanks, groundwater pumping,
and recycling of wastewater, is vulnerable to stresses
caused by climate change. Most cities in India depend
on surface water sources for municipal water supply,

although locally a large number of city residents rely
also on groundwater. The first level of impact of climate
change on urban water supply is through the depletion
of surface and groundwater sources, because of reduc-
tion in streamflows and reduction in recharge due to
rainfall. An indirect effect of climate change is an in-
crease in water demand, because of rise in temperatures,
for the same given population. Increasing intensities of
rainfall along with unplanned development of cities ex-
acerbate the already critical problem of urban flooding.
It is essential that the water administrators as well as
companies in charge of municipal and industrial water
supply and stormwater drainage account for climate
change impacts in planning for infrastructure invest-
ments. The science of developing adaptive policies to
offset climate change impacts is, however, still young
across the world and issues related to infrastructure
adaptation have begun to be addressed only recently.
In the Indian context no comprehensive study is yet
available on implications of climate change on urban
infrastructure.

Brugge and Graaf (2010) and Graaf and Brugge
(2010) recently investigated how urban water man-
agement organizations in Rotterdam, Netherlands,
developed climate change adaptation strategies that are
sensitive to water issues. A key factor in the strategies
was the recognition that additional water retention in
urban areas could only be realized if this aspect was
taken in the urban renewal programme. Their study in-
dicated that the Rotterdam management organizations
realized a successful water policy innovation, but that
institutional mechanisms necessary for implementa-
tion of this innovation are still missing. Jollands et al.
(2007) report a study of the impact of climate change
on infrastructure services in Hamilton city, New
Zealand and conclude that many of Hamilton’s infra-
structure systems demonstrated greater responsiveness
to population changes than to climate change. The
Hamilton city case study considered by them is the first
of a series of case studies (to be) taken up by Climate’s
Long-term Impact on New Zealand Infrastructure
(CLINZI). Such large projects that address all aspects
of urban infrastructure services with climate change as
an important component are needed in the Indian con-
text. Semadeni-Davies et al. (2008) assess the potential
impacts of climate change and continued urbaniza-
tion on waste and stormwater flows in Helseingborg,



Implications of Climate Change for Water Resources Management 25

Sweden with present conditions and projections pro-
vided by two climate change scenarios and three pro-
gressive urbanization storylines. They report that city
growth and projected increase in precipitation are set to
worsen the current drainage problem in the city.
Infrastructure to manage/mitigate urban flooding
consists of storm water drains, pumping systems,
and detention/retention tanks. Hydrologic designs of
these components are based on the design intensities
of rainfall, which are obtained from the intensity-
duration-frequency (IDF) relationships for a given
location. The IDF relationships are derived with the
historical, observed rainfall, generally using an extreme
value distribution for maximum rainfall intensity. It is
expected that climate change will alter the frequency of
occurrence of extreme rainfall events and we are likely
to experience more frequent high intensity rainfall in
cities. To account for climate change effects in hydrologic
designs for urban flooding, it has now become necessary
to examine the possible change in IDF relationships in
the future and to use revised intensities of rainfall, both
for checking adequacy of the existing systems and for
making new designs. Changes in rainfall intensity have
two consequences for drainage infrastructure design: (i)
the flow for which a structure is designed is no longer
constant over time, and (ii) the level of service provided
by drainage infrastructure will also gradually decrease
over time, as storm sewers will flood more frequently
(Arisz and Burrell 2006). Bruce (2002) suggests that the
costs of expanding drainage capacities must be weighed
against the projected costs of more frequent flooding,
with return periods of severe rainfall events projected to
be cut in half. Watt et al. (2003) recommend designing
drainage infrastructure based on modelling a design
storm determined using available climatic records
and then increasing the magnitude of the design
storm by 15 per cent to accommodate the effects of
climate change. This is equivalent to recommending
that infrastructure should be designed and built with
hydraulic capacities appropriate for the end of its
service life rather than hydraulic capacities appropriate
for present-day requirements, but at costs that have
to be incurred before the increased hydraulic capacity
is fully needed. However, the oversized infrastructure
would provide greater capacity to handle extreme flood
flows, whether or not such flood events are associated
with climatic change. Kirshen et al. (2008) analyse the

interdependencies of the impacts of climate change and
adaptation strategies upon infrastructure systems in the
Metro Boston urban area in north-eastern USA. They
find that taking anticipatory actions well before 2050
results in less total adaptation and impact costs to the
region than taking no actions.

Mailhot et al. (2007) assess a possible change in the
IDF relationship for Southern Quebec, Canada. They
conclude that the return periods of events of 2-hour
and 6-hour durations will likely halve in future climate.
That is, the average no. of years between the occurrence
of rainfall intensities corresponding to 2-hour (and
6-hour) duration will be halved, implying more fre-
quent occurrences of these events. They suggest that
annual extreme rainfall events may result from more
convective (and thus more localized) weather systems
in Quebec. There are no such studies available for
Indian cities at present. The author’s team is now work-
ing on developing IDF relationships for Bengaluru city,
accounting for climate change effects.

This brief review suggests that the design and opera-
tion of urban water infrastructure needs to take into
account the climate change impacts, while planning
for future. Action now as adaptation to climate change
is likely to save costs compared to non-action. The re-
cently released National Guidelines for Urban flooding
(National Disaster Management Authority [NDMA]
2010) list out several issues in urban flooding in
India, and refer to the recent flooding in Hyderabad in
2000, Ahmedabad in 2001, Delhi in 2000 and 2003,
Chennai in 2004, Mumbai in 2005, Surat in 2006,
Kolkata in 2007, and Guwahati and Delhi in 2010.
Poor land use planning with old and aging stormwater
drainage infrastructure of grossly inadequate carrying
capacity along with increased intensities of rainfall are
the main causes for the frequent urban flooding wit-
nessed in India in recent years. Corrective actions must
account for the possible increases in rainfall intensities
in the years to come, due to climate change.

ADAPTATION TO CLIMATE CHANGE:
Povricy IssuEs

Climate change is expected to produce water stresses
in several parts of the country. The water management
policies—both at the large river basin scales and at the
local administrative levels—must account for uncer-
tainties due to climate change, and, include the worst
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possible scenarios projected by climate models in their
plans. In England, the water companies have recently
released their draft Water Resources Management plans
that set out how each company intends to maintain a
balance between supply and demand over the next 25
years. Chaltron and Arnell (2011), who have reviewed
these plans, state that whilst the magnitude of climate
change appears to justify its explicit consideration, it
is rare that adaptation options are planned solely in
response to climate change but as a suite of options to
provide a resilient supply to a range of pressures, such
as the pressures on supply-demand balance, which oc-
cur even without climate change.

In India, water is primarily governed by the gov-
ernment. There is increasing acknowledgment by the
government of the importance of climate change issues
in water resources management in the country. The
National Water Mission proposed in the National Ac-
tion Plan on Climate Change listing out the following
priority actions: focus on ensuring integrated water
resources management to conserve water; minimizing
wastage and ensuring equitable distribution across
and within states; developing a framework to optimize
water use in line with provisions of the National
Water Policy; recycling of wastewater to meet a large
part of water needs in urban areas; adoption of new
and appropriate technologies such as low temperature;
desalination for coastal cities; basin level management
strategies in consultation with states; enhanced storage;
rain water harvesting; equitable and efficient manage-
ment structures; and optimizing efficiency of existing
irrigation systems (rehabilitation, expansion along
with increase in storage capacity, incentives for water
neutral or water-positive technologies, re-charging
of underground water sources, adoption of efhcient
large-scale irrigation programmes). These constitute a
comprehensive list of actions planned. The challenge
is to implement the actions at the local level. Vulner-
abilities of local communities to water stresses caused,
among other factors, by climate change, need to be
assessed. An example of the vulnerability assessment
is provided by Kelkar et al. (2008). They present a
participatory approach to investigate vulnerability and
adaptive capacity to climate variability and water stress
in the Lakhwar watershed in Uttarakhand. Modelling
results were shared by them with the communities in
two villages to stimulate discussions on possible future

changes and adaptive interventions. Similar studies
are needed in other vulnerable regions, with a specific
focus on rural areas to put adaptive responses in place.
To institutionalize the assessment of vulnerability, a
bottom—up rather than a top-down approach may be
necessary, where the village panchayats are empowered
with information and knowledge tools (such as, for ex-
ample, Geographic Information Systems with relevant
databases and inbuilt climate change projections ), to
provide information to the district administration set
ups and further to the state level and so on. Given the
current level of technology and the economic capability
in the country, this is a very achievable goal.

The following issues and actions are of importance
in evolving climate-resistant water management policies
at local administrative levels:

*  Heterogeneities in space and time are significantly
important in the national context, with respect
to water. Most parts of the country receive
precipitation in the form of rainfall over a period of
about four months; the spatial distribution of the
rainfall is also highly non-uniform. Any larger level
policy intervention must take such heterogeneities
into account.

* Rapid urbanization will continue for the next
three to four decades. Many towns and cities will
struggle to meet water demands even for domestic
purposes unless specific policy and administrative
mechanisms are put in place. Climate change is
only likely to increase such stresses. In this context,
wastewater recycling and desalination technologies
gain importance. Diversion of flood waters for
groundwater recharge must also be practised by
the municipal corporations. Legal regulation of
groundwater use will soon be a necessity.

*  The current level of hydropower generation in the
country is quite low compared to the potential.
Being a clean form of energy (in terms of carbon
emission), hydropower is proposed to be increased
from the current level of 7 million tons of oil
equivalent (mtoes) to 43 mtoes in the National
Action Plan for Climate Change. Such actions
require prioritization in the National Water Policy.

*  Even with a stabilized urban population by around
2040s,aconsiderablefractionoftherural population
will still depend on agriculture, as a means of
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livelihood. Unlike in most developed countries,
agriculture in India (and other similar countries)
is characterized by small farmers (farmers with
small land holdings, typically less than 2 hectares)
most of whom depend on rainfall for agriculture.
For food security and long-term sustainability of
agriculture—and ensuring enhanced quality of
rural life—irrigated agriculture needs to be given
importance, with technologies and non-structural
measures put in place to increase efficiency of water
use. Alternatively, decentralized irrigation systems
including watershed development, rainwater
harvesting, development of village tanks and water
bodies, need to be encouraged as an insurance
against the uncertainties due to climate change.

The challenge is to bring in institutional reforms
and collaborations to achieve these. There are far too
many institutions dealing with various aspects of water,
as related to climate change: the India Meteorological
Department (IMD) that is primarily the custodian
of all meteorological data, the CWC, in charge of
the hydrologic data, apart from being an approving
authority for major water resources projects, the state
water departments, governmentand private hydropower
corporations, state and Central PCAs, agricultural
departments, irrigation departments, city development
agencies, municipal bodies, the private water industry,
and so on. Bringing them together to evolve integrated
adaptive responses to climate change is necessary.

CONCLUSION

Climate change is expected to cause water stresses in
several regions of the country, and is likely to exacerbate

the already critical water situation in most river basins.
While the climate change projections derived from
climate models are useful at large regional scales, the
impacts need to be assessed at local scales. The water
management agencies and policy makers must use
projections provided by climate models in assessing
local impacts to take into account the uncertainties,
while planning for the future.

The following specific adaptation options are relevant
in the water sector, to combat the adverse effects of
climate change: (i) demand management to suit the
supply, by choosing appropriate cropping patterns and
technologies to reduce water consumption in industry;
(ii) increasing efficiency of water usage, particularly in
the irrigation sector where the current efficiencies are
very low; (iii) structural measures of increasing reservoir
storage; (iv) non-structural measures of developing
and operationalizing adaptive reservoir operating rule
curves, taking into account the likely mismatch between
supply and demand; (v) out-of-the-box solutions to use
the flood waters as a resource, say through diverting
flood waters to potential groundwater recharge zones;
(vi) large scale recycling of wastewater; and (vii)
desalination of sea water to meet the municipal needs.

In addition, the standards of effluent discharge
into streams and water bodies may need to account
for climate change effects, and where necessary must
be revised. The hydrologic designs dealing with floods
(for example, stormwater drains, flood embankments
etc.) should take into consideration the likely changes
in the frequency of floods of a given magnitude. These
actions will necessitate significant interventions in the
institutional mechanisms.
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INTRODUCTION

The huge system of the Ganges, the Brahmaputra,
and the Meghna (GBM) basins, second only to that
of Amazon, is made up of the catchment areas of
1.75 million km? stretching across five countries:
Bangladesh, Bhutan, China, India, and Nepal (Ahmad
et al. 2001). While Bangladesh and India share all the
three river basins, China shares only the Brahmaputra
and the Ganges basins, Nepal only the Ganges basin,
and Bhutan, only the Brahmaputra basin (see Figure
3.1 and Table 3.1). The three basins are distinctly dif-
ferent in characteristics; the three rivers originate and
travel through different physiographic units, and have
geographically distinct catchment zones with dissimilar
valleys and drainage networks (Khan 2005).

Water is the single most important natural resource
of the basin countries; the three river systems contrib-
ute an annual discharge of 1350 billion cubic metres
(BCM), of which the Ganges contributes about 500
BCM, the Brahmaputra 700 BCM, and the Meghna
150 BCM (Ahmad et al. 2001). The three major rivers
have always played pivotal roles in shaping the suste-
nance of life, living, and the environment. However,
the countries sharing the GBM basins are beset by a

number of water management problems due to gross
inequalities in the temporal and spatial distribution of
water, mainly floods, droughts, and dry season water
scarcity. This poses a threat to infrastructure and prop-
erties, irrigated agriculture, navigation, and ecosystem
sustenance. Management of water resources in the
region becomes all the more challenging because of the
huge population, the anticipated population growth,
and the prevailing poverty situation. About 10 per cent
of the world’s population lives in this region, represent-
ing only 1.2 per cent of the world’s land mass (Biswas
2008).

The development and management of the GBM
basins have been subject to a number of geopolitical
constraints in spite of having huge potential for being
a great example of regional cooperation (Brichieri-
Colombi and Bradnock 2003). Country-specific man-
agement options have led to water disputes, which are
ranked amongst the most well-known trans-boundary
water conflicts in the world. Attempts to solve these
disputes have been bilateral in nature, for example, the
Ganges Water Treaty between India and Bangladesh,
and the Mahakali Treaty between India and Nepal.
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TaBLe 3.1 Catchment Areas of the GBM Basins

Country Ganges basin Brahmaputra basin Meghna basin

Basin area Percentage of Basin area Percentage of Basin area Percentage of

(1000 km?) total area (1000 km?) total area (1000 km?) total area
China 33 3 293 50
Nepal 140 13
Bhutan 45 8
India 861 80 195 34 49 58
Bangladesh 46 4 47 8 36 42
Total 1,080 100 580 100 85 100

Sonrce: Rangachari and Verghese (2001); Pun (2004).

These are regarded by many as creating a climate of
goodwill and mutual confidence, and offering a window
of opportunity for water-based collaborative develop-
ment endeavours in the region (Rahaman 2009). The
close and friendly ties between Bhutan and India have
created a win—win situation for both countries in the
hydropower sector. Besides, some bilateral cooperation
is in place, through exchange of data for the purpose

of flood forecasting and warning, between India and
Bhutan, India and Nepal, and India and Bangladesh.
However, while so much more could have been done,
achievements in terms of sharing, development, and
management of water resources of these rivers as well as
sharing and exchange of information and data through
mutual cooperation have not been encouraging thus
far (Biswas 2008; Khan 2005).The recent plans of river
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linking and construction of Tipaimukh dam, without
consensus among riparian countries, have generated
considerable concerns in Bangladesh and also widely in
India. It is important to recognize that water resources
must be developed and managed in a rational, efficient
and equitable way, so that it can act as the engine to
promote socio-economic development, shaping the
future of millions of people living in this region (Biswas
and Uitto 2001). A number of studies and syntheses
of information have demonstrated that trans-boundary
cooperation in integrated water management in the
GBM basins can offer these countries greater benefits
than those that can be achieved through isolated
national efforts (Ahmad and Ahmed 2003; Ahmad
et al. 2001; Gyawali 2001).

WATER RESOURCES MANAGEMENT
Issues INn GBM Basins

There are a number of common water resource man-
agement issues for all countries in the GBM basins. The
river systems exhibit wide variations between peak and
lean flows as the major part of the basins belongs to the
monsoon region, where 80 to 90 per cent of annual
rainfall is concentrated in 4-5 months of the South-
West monsoon. While excessive precipitation in these
months is the main reason for recurrent floods, which
cause damage to life, property, and infrastructure, the
unequal temporal distribution of rainfall creates the
problem of low water availability during the dry season
and unequal spatial distribution creates water stressed
conditions in some parts of the basin. Future climate
change impacts may aggravate this situation further.
The GBM river systems carry up to one and a half
billion tons of sediments per year that originate in the
foothills of the Himalayas (Ahmad and Ahmed 2003;
Biswas 2008). The high rate of sedimentation of the
major rivers and their tributaries has been affecting
not only the carrying capacity of the rivers but has also
drastically reduced their retention capacity, thus often
compounding the adverse effects of floods.

Major water management problems in Nepal in-
clude floods in hill valleys due to sudden cloud bursts
over several days, floods in the mountains induced by
glaciers, termed glacier lake outburst floods (GLOF)
(Bangladesh—Nepal Joint Study Team 1989; Ahmad

etal. 2001), and overbank monsoon flooding from

rivers, mainly Sapta-Kosi, Gandaki, Karnali, and
Mabhakali, causing immense damage in the zerai area
of Nepal (and also in adjacent areas of India). Besides,
frequent rockslides and landslides aggravate the flood-
ing and river erosion problems. Unreliable river flows
coupled with inefficient management have been affect-
ing the performance of irrigation systems and indus-
trial pollution has been leading to deteriorating water
quality.

In India, floods affect, on an average, about 7.5
million hectares of area per year (Ministry of Water
Resources [MoWR] 2002). Of the total estimated
flood prone area in India, 68 per cent lies in the GBM
states, mostly in Assam, West Bengal, Bihar, and Uttar
Pradesh. The Ganges in northern India, which receives
water from its northern tributaries originating in the
Himalayas, has a high flood damage potential, espe-
cially in Uttar Pradesh and Bihar. The unequal spatial
distribution of rainfall means that the flows in many
of the rivers in north-western, western, and southern
parts are considerably less than the Himalayan parts,
rendering the areas water stressed. One-sixth area of the
country is drought-prone (MoWR 2002). Other water
management problems in India include degrading water
quality mainly due to industrial and domestic wastes
(Adhikari et al. 2000), and arsenic contamination of
groundwater in many parts of the northern states, par-
ticularly West Bengal.

Bangladesh, being the lowest riparian with only 7
per cent of the country lying in the GBM basins and
with extensive floodplain topography bears the major
brunt of widespread flooding. About 91 per cent
of flood flows in Bangladesh enter from upstream
catchments in India through 54 border rivers (Rashid
1991); the entire volume of the GBM river systems,
about 142,000 cubic meters per second at peak periods
(Rahman et al. 1990), discharges into the Bay of
Bengal through a single outlet at the Lower Meghna in
Bangladesh. Besides, the country is beset by flash floods
in the northern and north-eastern hilly streams, and
tidal floods and occasional cyclonic storm-surge floods
in the coastal region. The country suffers from moderate
to severe droughts spreading over 10 districts; very low
dry season water availability in the southwest region
due to upstream withdrawal of water at Farakka, and
associated increased salinity intrusion and threatened
agriculture and ecosystem including the Sundarbans;
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river erosion (including riverbank, char, and coastal
erosion) along about 75 rivers; degrading water
quality due to industrialization in urban areas along
major rivers; and widespread arsenic contamination of
groundwater (Chowdhury et al. 1997; Water Resources
Planning Organization [WARPO] 2001).

In Bhutan, the water management problems include
mounting pressure on the water resources due to com-
peting demands from different users, seasonal and local
imbalances of flows, localized and seasonal water short-
ages for drinking and agricultural purposes, and rising
fluctuation between lean season and monsoon season
flows, leading to sub-optimal utilization of generating
capacity of hydropower plants, and GLOFs. Besides,
increasing sediment loads in rivers are affecting the
expected output and economic life of the hydropower
plants, as well as causing floods and landslides (Bhutan
Water Partnership 2003).

PoLiciEs AND PLANS

Water resources management in any country is gener-
ally governed by its policy directions, which are mani-
fested in its national water policy document. National
water policies provide the basis for formulating water
management strategies and national water management
plans. An examination of the national water policies of
the GBM countries is imperative since it would shed
light on the position of these countries with respect to
regional cooperation.

The Indian Water Policy (MoWR 2002) envisions
the river basin as a hydrological unit for water resources
development and management and river basin organi-
zations are given utmost importance in the context of
planning for development and management of projects
in a river basin as a whole or sub-basins, wherever
necessary. The policy places emphasis on improving
efficiency of water use through traditional water conser-
vation practices such as rainwater harvesting, including
roof-top harvesting. The policy also highlights the need
for non-traditional practices, for example, inter-basin
water transfers, artificial recharge of groundwater, and
desalination of brackish or sea water.

The National Water Policy of Bangladesh (MoWR
1999) articulates the need to undertake essential steps
for realizing basin-wide planning for development
of the resources of rivers entering its borders. The
endeavours will include: agreements with co-riparian

countries for sharing the waters of international rivers;
establishment of a system for exchange of information
and data on relevant aspects of hydrology, morphology,
water pollution, and ecology; joint assessment of the
international rivers for better understanding of the
potentials of the overall basins; and harnessing, develop-
ing, and sharing the water resources to mitigate floods
and augment flows of water during the dry season. The
policy gives directions on comprehensive development
and management of the main rivers through a system
of barrages and other structural and non-structural
measures, and development of water resources of the
major rivers for multipurpose use.

The Water Resources Strategy (WRS) of 2002 and
the National Water Plan (NWP) (WECS 2006) of 2005
of Nepal ask for river basins to be treated as fundamen-
tal planning entities. Both the Strategy and the Plan
emphasize, among others, cost-effective hydropower
development for domestic use and export, enhanced
water-related information systems, regional/bilateral
cooperation framework/norms for substantial mutual
benefits, and appropriate institutional mechanisms for
water resources management. Sharing of water resources
benefitsamong the riparian countries on equitable basis,
establishment and enhancement in cooperation with
neighbouring countries in data exchange and informa-
tion systems, encouragement of joint investigation into
GLOF with China, and promotion of international
cooperation for flood forecasting and warning system,
are underscored in the policy for mutual benefits.

The National Water Policy of 2003 of Bhutan
(Bhutan Water Partnership 2003) also considers water
resources management to be based on natural river
basins, and hence highlights the need for appropriate
institutional structures at the basin level. The policy
recognizes the tremendous potential of hydropower for
socio-economic development as well as its potential for
earning revenues from exports. As articulated in the
policy, trans-boundary water issues are to be dealt with
in accordance with international law and conventions
to which Bhutan is a signatory and taking into consid-
eration the integrity of the rivers as well as the legitimate
water needs of riparian states. Cooperation in informa-
tion sharing and exchange, appropriate technology in
water resources development and management, flood
warning, and disaster management are to be initiated
at the national, regional, and global levels.
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While the water policies/strategic plans of the co-
riparian countries draw heavily upon the concept of
integrated water resources management, and articulate
the need for basin-wide management of water resources,
there are obvious differences in each country’s stance on
a number of issues. The Indian Water Policy does not
touch upon regional cooperation with other riparian
countries or sharing the basins for mutual benefits. Shar-
ing or distribution of water is discussed when it comes
down to allocation among states that share a particular
basin. Regional cooperation received foremost recogni-
tion in the water policy of Bangladesh, with exchange
and sharing of information and data, and joint assess-
ment of the basins’ potentials being among the major
objectives outlined in the policy. Nepal too recognizes
the potential for sharing water resources ‘benefits’ on
equitable terms, and seeks to enhance regional coopera-
tion in sharing and exchange of data, and improving
disaster forecasting and warning systems. The water
policy of Bhutan expresses similar pledges with regards
to regional cooperation.

History ofF REGIONAL COOPERATION

There has been a history of conflicts in the GBM basins,
but there has also been a history of attempts (bilateral
in nature) to resolve these conflicts. This shows that,
in spite of a significant number of conflicting issues in
the region, compounded by the geopolitical complex-
ity (for example, imbalance in hegemony or economic
power among the countries), the countries did at least
show interest in cooperation to resolve issues.

Nepal-India Water Cooperation

The water sharing disputes between Nepal and India
date back to early twentieth century, and attempts to
resolve the issues started with the Sarda Barrage Agree-
ment in 1920, followed by several agreements through
1950s (Kosi river agreement in 1954; Gandak agree-
ment in 1959). However, the story of success was far
from being smooth; and the agreements were viewed
by Nepalese people as favouring India (Uprety 2000;
Salman and Uprety 2002; Biswas 2008). More recently,
a number of Water Resources Development projects
have been executed by India in cooperation with Nepal
on rivers common to both the countries and a number
of projects are also under negotiation with Nepal. The
Mahakali Treaty has been signed, and negotiations are

continuing for two important projects, Pancheshwar
Multi-purpose Project on river Mahakali (Sarda in
India) and Sapta-Kosi High Dam on Kosi River and
Sun Kosi Storage cum Diversion Scheme.

Mahakali Treaty and the Pancheswar Project
The Mahakali Treaty signed between India and Nepal

in January 1996 includes three components: the Sarada
Barrage, the Tanakpur Barrage, and the Pancheshwar
Project. While the first two projects have already been
executed by Indiaat Mahakali on the Indo-Nepal Border,
the Pancheshwar Project involves new construction of
a 315 metre high dam called the Pancheshwar on the
Mahakali. The project is expected to generate 6480
MW of power for supply to India’s northern power
grid and to also provide the Gangetic plains with
large volumes of regulated waters for irrigation. The
provisions of the treaty constitute that India is willing
to join hands with Nepal in the development of water
resources for the common benefit for her people, and
according to the principles of equity (Uprety 2006). The
Treaty incorporated some principles to accommodate
the divergent needs and interests of both riparian
countries.

Implementation of the treaty has faced a great deal of
difficulty. The treaty was met with resistance in Nepal,
and was ultimately passed with specific strictures or
conditions. Disputes still exist on the issues of defining
consumptive use of the countries and fixing the selling
price of Nepal’s excess share of electricity to India. In
addition, the treaty enactment is also contingent on the
completion of the Detailed Project Report (DPR) for
the Pancheshwar Project. A separate commission was
formed for this project, and it was only in 2010 that
the environmental impact assessment was prepared.
During the second meeting of the Joint Standing
Technical Committee (JSTC) held on 30-31 March
2010, it was decided to prepare a definite work plan
along with the cost estimates to undertake the identified
field works within two months so that decisions could be
taken regarding funding (Central Electricity Authority
[CEA] 2011).

Sapta-Kosi High Dam Project and Sun Kosi

Storage cum Diversion Scheme

For Sapta-Kosi High Dam Project and Sun Kosi Storage
cum Diversion Scheme, the Government of Nepal
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submitted an inception report in 1992. Crucial issues
were discussed in the meeting of the Indo-Nepal Joint
Team of Experts held in 1997. A Joint Project Team
was formed for assessing the work load and preparing
the estimates for investigations. The administrative
approval and expenditure sanction have been conveyed
by India for carrying out field investigations, studies
and preparation of DPR of the Sapta-Kosi High Dam
Multipurpose Project and Sun Kosi Storage cum
Diversion Scheme jointly with Nepal by February 2013
(CEA 2011).

Bangladesh—India Water Cooperation

The major issues to be resolved between Bangladesh
and India are the ones of sharing water of the common
rivers. The major dispute has been on the sharing of the
Ganges water during the lean period since the Indian
plan for construction of Farakka barrage has been
implemented.

Ganges Water Treaty

In 1961, the Indian government decided to construct
a barrage across the Ganges river at Farakka, 11 miles
upstream from the border with East Pakistan (later
Bangladesh), to divert water to the Hooghly river to
solve the siltation problems at the Calcutta port. The
Pakistan government protested with an argument that
adequate amount of flow did not exist in the Ganges
to meet the water demands of both countries and that
flow diversion from the main channel of the Ganges
would result in adverse impact on the agriculture, ecol-
ogy, and economy of East Pakistan (Crow et al. 1995).
Construction of the barrage with a diversion capac-
ity of 40,000 cubic feet per second of flow was com-
pleted in 1975, after the independence of Bangladesh
in 1971, and a new phase of negotiations (1971-7)
focussed on dry season flow division. During this period,
a 40-day interim agreement for water sharing was also

attempted. During the next phase of discussions
(1977-82), a five-year water sharing agreement was
signed between the two countries with an understand-
ing of augmenting the Ganges flows at Farakka. A
joint committee, Joint River Commission (JRC), was
established under the agreement clause, which would
be responsible for observing and recording at Farakka,
the daily flows below Farakka Barrage and in the feeder
canal in India, as well as Hardinge Bridge point in
Bangladesh, and for implementing the water sharing
arrangements and examining any difhculty arising out
of the implementation of the sharing arrangement and
of the operation of the Farakka Barrage. A mechanism
was provided for the settlement of disputes. The agree-
ment also instructed the JRC to look into a long-term
solution of the dry season flow augmentation of the
Ganges water. The flow augmentation proposal from
the Bangladesh side included the construction of stor-
age reservoirs in Nepal to harness the monsoon flows
upstream, which would also facilitate hydropower gen-
eration. The proposal from India included import of
water from the Brahmaputra through a 209-mile long
link canal connecting the proposed Jogighopa barrage
across the Brahmaputrain Assam and the Farakkabarrage
(Asafuddowlah and Khondker 1994). A memoran-
dum of understanding (MoU) was signed in 1982 to
extend the 1977 agreement excluding the ‘guarantee
clause’,' which finally expired in 1988 after two similar
extensions. Negotiations for a permanent water shar-
ing agreement continued in the subsequent years
while both the countries focused more on the national
river development initiatives including river linking
projects and barrages on the Teesta, Ganges, and the
Brahmaputra. After a period (1989-96) without any
agreement, the Ganges Water Treaty was signed be-
tween the two governments in 1996 to share the dry
season flow of the Ganges and to seck ways for flow
augmentation.

'In the 1977 agreement, the Ganges water sharing at Farakka from the 1 January to 31 May every year was based on 75 per cent
availability calculated from the recorded flows of the Ganges at Farakka from 1948 to 1973. The actually available flow was divided
on a 10-day basis between Bangladesh and India in an overall ratio of about 60 per cent for Bangladesh and about 40 per cent
for India. If during a particular 10-day period the flow at Farakka came down to such a level that the actual share of Bangladesh
would be lower than 80 per cent of the share calculated in the agreement for that 10-day period, this minimum flow would be
released to Bangladesh during that 10-day period. Thus this clause guaranteed Bangladesh a minimum of 80 per cent of its share
during each period whatever low the flow of the Ganges during that period. This is widely known as the 80 per cent ‘guarantee

clause’.
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Although the main purpose of water diversion at
Farakka was to improve siltation and navigation prob-
lems at the Calcutta port, Crow et al. (1995) indicate
that the efficacy of the project was technically doubt-
ful due to uncertainties in assessment of the flow and
sedimentation processes in the lower Hooghly. Sir
Arthurs Cotton’s concerns in 1853 regarding the
consequences of large-scale water diversion from the
Ganges were not considered during implementation of
the project. It was rather a political decision to proceed
with the project.

The Ganges Treaty did improve the flow into
Bangladesh, but it was lower than the flow that was
available during earlier agreement periods, and lower
by a considerable extent, for example, 40 per cent of
natural state during March and April, as analysed by
Chowdhury (2005) and Chowdhury and Datta (2004).
A recent concern is that Bangladesh is getting lower
volume of water than it should get as per the Treaty.
One of the reasons is the decrease in flows arriving at
Farakka because of upstream water uses (Chowdhury
2005). Although it seems unlikely that the flows to be
received as per the Treaty would solve the water crisis in
the dry season in the southwest region and recover its
lost resources, it has ushered in a new era of cooperation
between Bangladesh and India. This 30-year long
Treaty has provided Bangladesh an opportunity for
environmental restoration of the Ganges Dependent

Area (GDA) (WARPO 2002).

Negotiations for Other Trans-boundary Rivers

India and Bangladesh share 54 rivers, however, the
Ganges Treaty is the only water sharing agreement that
exists today between Bangladesh and India. Article IX
of the Ganges Treaty stipulated that, guided by the
principle of equity, fairness, and no harm to either
party, both Bangladesh and India would conclude water
sharing treaties/agreements with regard to other trans-
boundary or common rivers. The Joint Committee
formed after the signing of the Treaty to implement this
had prioritized seven rivers at the initial stage, viz. the
Teesta, Dharla, Dudhkumar, Manu, Khowai, Gumti,
and Muhuri rivers. Later the JRC recognized that the
long-term sharing of waters for the Feni river should
also be examined along with the other seven rivers.
Recent media reports in both Bangladesh and India
suggest that sharing agreements for Teesta and Feni

rivers have been drafted, which might be signed by the
end of 2011.

Bhutan—India Water Cooperation

The regional cooperation between India and Bhutan
has worked very well, with India, which has a power
shortage, providing both technical and financial as-
sistance to develop numerous hydropower projects in
Bhutan. India benefits from Bhutan’s hydroelectric
energy resource to meet a part of its huge power de-
mand while Bhutan benefits from the revenues earned
from the export of power. The hydropower cooperation
between Bhutan and India started with the signing
of the Jaldhaka agreement in 1961. The development
of first major hydroelectric project started in 1974
when a bilateral agreement was signed between India
and Bhutan for the construction of the 336 MW
Chukhahydel project across river Wangchu in Western
Bhutan for meeting internal power demand and export-
ing the surplus electricity to India (Biswas 2008). The
project was commissioned in 1986-88. A number of
mini and medium sized hydropower projects followed in
later years. The Tala hydroelectric project of 1020 MW
installed capacity and 860 metres gross head has been
recently completed (Tshering and Tamang 2004).

The cooperation between Bhutan and India has
also been with respect to the establishment of hydro-
meteorological and flood forecasting network on riv-
ers common to India and Bhutan. A scheme titled
‘Comprehensive Scheme for Establishment of Hydro-
meteorological and Flood Forecasting Network on
Rivers Common to India and Bhutan’ is in operation.
The network consists of 35 hydro-meteorological/
meteorological stations located in Bhutan and be-
ing maintained by the Royal Government of Bhutan
with funding from India. The data received from these
stations are utilized in India by the Central Water Com-
mission for formulation of flood forecasts. A Joint Expert
Team (JET) consisting of officials from the Government
of India and Royal Government of Bhutan continu-
ously reviews the progress and other requirements of the
scheme (National Portal of India 2011).

WATER MANAGEMENT INTERVENTIONS
AND REGIONAL IMPLICATIONS

Water management interventions in the GBM basins
have already altered the natural flow distributions and
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have largely challenged the opportunities for trans-
boundary and regional water sharing. The following
sub-sections summarize the major water management
interventions and their regional implications.

Ganges Water Diversion

Ganges water diversion at Farakka has caused adverse
impacts in the Ganges dependent areas in the lowest
riparian country Bangladesh (see Hoque et al. 1996;
Crow et al. 1995; Asafuddowlah and Khondker 1994;
Richardson 1994; Simons 1994; and Abbas 1984).
Crow et al. (1995) present a detailed cause-and-
effect diagram to explain the short and long-term
consequences of flow diversion. The more direct conse-
quences include changes in the hydraulic, hydrological,
and morphological characteristics of the Ganges and
its distributaries, resulting in a drastic decline in the
river stage. This, in turn, has caused excessive siltation
in the rivers, formation of new charlands, and reduc-
tion in conveyance capacity. The off take of the Gorai,
the main distributary of the Ganges in Bangladesh, is
blocked in the dry season due to siltation. Apart from
adversely affecting navigational and industrial water
availability, the reduced dry season flow has also caused
water shortage for irrigation. One of the largest irri-
gation projects in Bangladesh, the Ganges—Kobadak
Project, was shut down several times due to the drop in
water levels. The decline in dry season river water level
has also caused lowering of the groundwater level and
affected the year-round water balance. Reduction in
river flow has caused the salinity front (both surface and
groundwater) to move further inland, resulting in crop
damage, water shortage for drinking and industries,
and adverse health effects. Reduced river flow and
increased salinity have caused changes in the hydro-
ecological condition in the lower reaches of the Ganges
and its distributaries. Consequently, there have been
major adverse impacts on the ecosystems, fisheries,
forestry, and livelihoods.

River Linking Project in India

The National River Linking Project (NRLP) of India
aims at transferring water from the Ganges and
Brahmaputra basins to the water deficit areas of western
and southern India. The overall goals of the NRLP are
to increase irrigation potential, increase hydropower
production, and control floods. Through this project

the National Water Development Agency (NWDA)
envisages achievement of food security and self-
sufficiency by increasing area of arable land, increase
in electricity production, and reduction of reliance
on coal as an energy source, as well as moderation of
floods, especially in the Ganges basin. The Himalayan
component of the NRLP, consisting of 14 links, will
have storage reservoirs on the main Ganges and the
Brahmaputra rivers and their principal tributaries in
India, Nepal, and Bhutan. Links of this component will
transfer surplus flows of the Kosi, Gandak, and Ghagra
to the west, and augment flows of the Ganges. Inter-
linking of the Ganges and Yamuna are anticipated to
transfer the surplus flow to the drought prone areas of
Haryana, Rajasthan, and Gujarat. The component is
also expected to provide irrigation benefits to large areas
in south Uttar Pradesh and south Bihar (Sarma 2003).
Detailed information on the links compiled from
different sources (for example, Government of Bihar
[GoB] 2003; NWDA 2005) can be found in SANDRP
(2007). The peninsular component of the NRLP will
consist of 16 links proposed by the NWDA.

The NRLP has faced a lot of review and scrutiny
within India. Most ‘donor’ states have posed against
the project although the conflict between ‘donor’ and
‘receiv