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This report tries to capture the relevant issues for Indian Water Sector in the context 
of changing climate. The report briefly reviews international situation in the context 

of the four pillars of climate change response that are used in international climate change 
framework: Adaptation, Mitigation, Technology and Economic/financial issues. It takes a 
look at the official programmes and projects of governments in water sector. It includes 
some local options and success stories in water and agriculture in India in the context of 
changing climate.

Major relevant sectors here include agriculture, urban and rural water users, industrial 
water users and usually the last mentioned, if at all, the environment or nature. Stock 
taking needs to involve rainfall and snowfall, surface water and ground water, existing 
water infrastructure and how all this will be affected due to climate change. 

The report focuses on: 
•	 Analysis	 of	 the	 state	 of	 water	 sector	 in	 India:	 Trying	 to	 understand	 the	 blessings,	

resources and their state in India’s water sector, how the different sections of people 
are getting their water and how just, equitable and sustainable these systems are. 

•	 What	have	been	 the	dominant	plans,	programmes	 and	policies	driving	 this	 sector?	

•	 Challenges	 facing	 the	 dominant	 global	 and	 business	 as	 usual	 national	 development	
paradigm.

•	 Need	 for	 taking	 the	 issues	 to	 the	 grassroots,	 including	 raising	 awareness	 and	 spread	
good examples of resilience (adaptation) to climate change within local communities. 

•	 Need	 for	 including	 traditional	 knowledge,	 traditional	 techniques,	 crops	 (e.g.	 millets)	
where appropriate

•	 The	 need	 for	 options	 assessment	 studies	 in	 order	 to	 respond	 to	 big	 infrastructure	
plans.

The documentation of case studies is in the context of climate change adaptation and 
ecological resilience. The report tries to highlight the potential of options in scaling up and 
providing solutions to climate adaptation, sustainable and democratic water management, 
biodiversity conservation and poverty alleviation.

Rainfall It is clear that rainfall pattern in India is changing significantly and a major 
reason for the changing pattern is climate change. The frequency and magnitude of high 
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rainfall events is increasing. Number of rainy days is decreasing. This indicates increased 
frequency and severity of floods. The onset of monsoon and the gap between rainfall 
events is becoming irregular.

This is having huge impacts for all farmers, but particularly for the rainfed farmers. By 
way of adaptation strategies in this situation, we need to make local rainwater harvesting and 
ground water recharge central and top priority in our water resources policy, programmes 
and practices. Secondly, we need to incentivise changes in our cropping patterns, cropping 
methods (e.g. system of rice intensification and system of crop intensification), seeds and 
other agriculture practices that have better coping capacity. SRI crops help farmers to 
cope with the longer dry or wet spells that are likely in climate change scenario. Thirdly, 
we need to make our forecasting of rains more accurate and make this key information 
available to farmers, decision makers and people. Fourthly, we need to incentivise practices 
that can lead to increase in carbon content in the soils. This will ensure that soils are 
able to retain moisture for longer periods, so that when there is longer gap between 
two rain events, the crops have greater chance of survival. We also need to review our 
reservoir operations to make them climate friendly and also make them more transparent, 
accountable and participatory to reduce the flood disaster potential in the changing climate. 
Lastly, governments and the world need to put in place a much more credible system of 
compensating the farmers who suffer the impacts of climate change and in whose creation 
they have made the least contribution.

Glaciers Himalayan glaciers are already melting, the extent is different. We still do 
not have clear picture of the extent of loss in area and volume in different areas, but the 
research provides some indicators of how the different basins are going to be affected. 
However, there are still a lot of variables and unknowns and even available information is 
not all in public domain. Our knowledge base is poor. We still do not know the full extent 
of volumes of snow in different forms in the Himalayas in different regions and how each 
of these are changing and what impact we may have in future. It is estimated that glaciers 
may disappear by the end of the current century in most places, but rainfall would have 
increased by then. The summer flows would thus reduce significantly nearer to the glacier 
and snow bound zones, but monsoon flows may increase, depending on how we treat the 
Himalayan catchments. It is true that this would mean some reduction of storage space 
that nature has provided in these areas, but the extent is a big unknown. 

The answer is not in building big storage dams to compensate these losses. That would 
be like cutting the nose to spite the face. Building such projects would actually increase the 
problems as such projects destroy the forests, rivers, biodiversity and also emit methane 
in tropical and sub tropical climates. Destruction of all these resources would reduce the 
adaptation capacity of the communities near the glaciers and society in general. 

Better option would be to learn lessons from what is being done by Chewang Norphel 
and others in Ladakh: Create small localized storages that will serve the local communities 
and that can also be maintained by them. Potential of such options needs to be assessed 
and realised across the region. And protect forests, rivers and biodiversity on priority. Most 
importantly, take urgent steps to slow and stop the global warming trend though credible 
mitigation measures. Exercising right to pollute as the developing country governments 
are doing would be more like what Gandhi said: An eye for eye would make everyone 
blind. In stead, pressure needs to be brought on the developed countries to bring down 
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their emissions urgently by amounts necessary to stop global temperature to go beyond 
1.5 degrees C. And in the meantime, we are killing the goose by building large number of 
hydro projects in these same vulnerable areas, destroying the forests, rivers, biodiversity, 
and in general destroying coping capacities. We should stop doing that. 

Groundwater Groundwater is India’s current water lifeline and is likely to remain 
for many coming years. In the context of climate change, groundwater demand, use and 
recharge will all be affected, leading to further depletion of groundwater levels. This 
will affect water, food and energy security. Urgent action is required to protect existing 
groundwater recharge systems, to create more groundwater recharge systems (which can 
basically be achieved by harvesting rainwater where it falls in the first place), to reduce 
groundwater use by adopting appropriate cropping patterns, cropping methods, use pattern 
(through proper policies that allow only appropriate water use activities, depending on 
water availability) and most importantly, bottom up regulatory system. Groundwater 
conservation is particularly critical in climate change context as groundwater can be helpful 
in adapting to climate change.

Rivers, floodplains, Wetlands and water bodies Rivers, protected floodplains, wetlands 
and water bodies can help the vulnerable communities and environment to cope with the 
climate change in many different ways. The services these resources provide are huge, 
though not recognised by the decision makers or properly accounted for. The Groundwater 
recharge that they facilitate is particularly important in India where groundwater is country’s 
water lifeline. They are huge assets in the climate change context and all efforts needs to be 
made to protect them. Environment flows are relevant and need urgent attention even from 
existing dams in this context. We are doing very little today, and if we do not make sincere 
and urgent efforts in this direction, our capacity and particularly that of the vulnerable 
sections of the society to adopt to the climate change would significantly reduce.

Big Projects Large hydro projects and reservoirs are being sold by some as climate 
solutions. However, this seems like misguided advocacy, used by the vested interest lobby. 
Unless and until it is creditably established that the potential benefits from existing large 
dams have been exhausted and that all local and underground storage options (including 
the option of increasing the capacity of the soil to hold moisture through increased carbon 
content in the soils through greater use of organic fertilisers) have been exhausted, there 
should be no question of any new project being considered. Even operation of existing 
projects and size of the under construction project may be reviewed to make them more 
compatible in the climate change context. There is a huge untapped potential in all these 
options and this is available without any extra costs in terms of social or environmental 
impacts and much lower economic costs compared to new projects. 

Agriculture It is high time we do course correction to bring focus of our water 
and agriculture policies onto Rainfed Farming. It is likely to yield better economic, 
hydrologic, sustainable, equitable and climate friendly results and foodgrains production. 
It can also help sustain our groundwater lifeline. Organic agriculture, cropping methods 
like the System of Rice Intensification, System of Wheat Intensification, System of Crop 
Intensification, Sustainable Sugar Initiative, etc contribute less to climate change in every 
way and importantly for a country like India, generates more employment, conserve water 
and increase production. These options also help on both adaptation and mitigation front. 
However, there are no policy or financial incentives for these, nor are these initiatives 
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part of NAPCC or National Mission for Sustainable Agriculture. We need to change this 
urgently. Devising ways of providing carbon credits for these initiatives is also needed. 
Using the vast grazing lands in India to take up the chauka system development pioneered 
by Laxman Singh and his team in Laporia and surrounding villages in Jaipur district in 
Rajasthan would go a long way. We also need to start understanding the implications 
of virtual water concept and dis-incentivise export of water from water scarce areas and 
nations through export of water intensive products like sugar and rice. It is clear there is 
a huge potential, if we are seriously interested.

Positive cases of local Adaptation The message seems simple enough: where possible, 
revive old ponds, build new ones and allow and help the villagers to manage it on their 
own. Create such systems where they do not exist and where possible. The schemes under 
the Mahatma Gandhi National Rural Employment Guarantee Act can be used for this, but 
would succeed only when credible social audit mechanism is in place.

urban Water Sector Urban centers first need to exhaust the options of reducing 
huge transmission and distribution losses (most cities have more than 45% losses on 
this account), rainwater harvesting, groundwater recharge, protection of existing local 
water bodies, relocation of non essential water intensive activities (e.g. soft drinks or 
water bottling plants), banning water wasteful activities in deficit areas (activities like golf 
courses), treatment and recycle of wastewater, demand side management and participatory 
& democratic governance. 

Decentralized waster water treatment facilities should be the norm. The decentralized 
systems would also be less energy intensive, less cost intensive, more efficient and is actually 
likely to lead to more recycling of the treated water. If bottom up participatory governance 
is put in place, all these objectives would be easier to achieve. Without achieving these 
objectives, the urban centres should not be allowed to be given any water from outside the 
areas. Legal action in any case should follow when a city is unable to treat the wastewater 
it generates as also if other norms are violated. There could be incentives when each of 
these norms is achieved and disincentives when they are not.

un-clean Development mechanism Clean Development Mechanism projects, 
administered by the United National Framework Convention on Climate Change, are 
supposed to help developed countries in achieving their emission reduction targets by 
helping developing countries achieve emission reduction and getting credit for the same 
by funding projects in these countries. The fundamental problem with this mechanism is 
its market driven nature in which the local communities have absolutely no role to play, 
receive no benefits from the projects or credits while receiving full blown impacts. They 
are also not sustainable development projects in almost 99% of cases. 32% of the projects 
registered with UNFCCC’s CDM Executive Board come from India. Unfortunately, the 
government only sees them as free gifts and is not bothered if the projects indeed qualify 
to be CDM projects from climate point of view, from environment impacts point of view, 
from social impacts point of view, from technology transfer point of view or from equity 
point of view. There is an urgent need to address the unhealthy nexus between project 
proponents, funding agencies like World Bank which promotes these projects for carbon 
credits, developed country agencies like the Swedish Energy Agency and the UNFCCC 
which ignores valid and serious concerns raised by communities and local organisations.
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CASE StuDIES In the case study on Forests and Agricultural plantations, Dr. Latha 
Anatha and S. Unnikrishnan observe that yields of tea, coffee and cardamom from high 
altitude plantations in ecologically rich Western Ghats have been falling in the recent 
years and planters and farmers are linking this to the changing regional climate; increasing 
drought, lowering soil and atmospheric moisture, degradation of the surrounding forests, 
changing rainfall pattern and intensity, drying up of forest streams after the rains and drier 
soils. A study in Karapparra catchment in Chalakudy basin indicates that these impacts 
have resulted in severely reduced production. In the last 15 years major companies have 
indicated that coffee yield has declined from 400 kg/ acre to 140 kg/acre. The authors 
provide some useful recommendations and adaptation strategies than can help sustain 
production, while reducing the impacts.

Shripad Dharmadhikary points out in his case study that organic farming offers very 
important advantages to India not only from the point of view of food and water security 
but it terms of emission reductions too. It helps in making one of the most vulnerable 
sectors resilient and offers protection from increased variability. However, in order to 
provide a level playing field to organic farming and promoting it, measures like creating 
awareness, providing knowledge, information and guidelines to farmers to prepare their 
own inputs and for other techniques of organic farming, and to provide market support 
will be needed. All of these will require significant support from the Government, including 
financial support. Organic Farming is arguably one of the best climate adaptation options 
with multiple benefits on social, environmental and economic fronts. 

Recommendations Climate change offers a unique opportunity to revisit our water 
resources in terms of understanding, planning and management. It also provides an 
opportunity to learn lessons from past approaches to development and management in a 
credible way. The purpose for a revamped water policy, plans and practices in changing 
climate could be that of equitable, sustainable, participatory, decentralised, democratic and 
transparent approach to water management; an approach based on sound knowledge and 
data to make decisions. Further, this approach would need to include a protection strategy 
for the rivers, forests, wetlands, water bodies, biodiversity, critical ecological habitats and 
groundwater reserves, as well as demand side management measures, along with a definition 
of the clear linkages between these domains. In Water scarce situations, all demands cannot 
be sacrosanct, and we also need to prioritise the just use of water. The final chapter gives 
a list of recommendations in this context.
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The Debate on climate change is mostly happening at international and national levels, 
largely at macro level. However, both water related issues and climate change affect 

everyone. The lack of an organic link to the micro level that prevails in climate change 
debate would put serious limitations in terms of appropriateness, diversity and scale of 
solutions. This also implies limitations in terms of need for democratic, participatory 
processes. There is a need for attention to the micro level situations, needs, diversity, 
options and solutions. This is particularly relevant in case of water and agriculture sectors 
in a country like India. 

Outline This brief report tries to capture the relevant issues for Indian Water Sector in 
the context of changing climate. The report also attempts to review international situation 
in the context of the four pillars of climate change response that are used in international 
climate change framework: Adaptation, Mitigation, Technology and Economic/financial 
issues. It takes a look at the official programmes and projects of governments in water 
sector. And lastly it includes some local options and success stories in water and agriculture 
in India in the context of changing climate.

Major relevant sectors here include agriculture, urban and rural water users, industrial 
water users and usually the last mentioned, if at all, the environment or nature. Stock 
taking needs to involve rainfall and snowfall, surface water and ground water, existing 
water infrastructure and how all this will be affected due to climate change. 

The report focuses on: 

•	 Analysis	 of	 the	 state	 of	 water	 sector	 in	 India:	 Trying	 to	 understand	 the	 blessings,	
resources and their state in India’s water sector, how the different sections of people 
are getting their water and how just, equitable and sustainable these systems are. 

•	 What	have	been	 the	dominant	plans,	programmes	 and	policies	driving	 this	 sector?	

•	 Challenges	 facing	 the	 dominant	 global	 and	 business	 as	 usual	 national	 development	
paradigm.

•	 Need	 for	 taking	 the	 issues	 to	 the	 grassroots,	 including	 raising	 awareness	 and	 spread	
good examples of resilience (adaptation) to climate change within local communities. 

Introduction
1
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2  Dams, Rivers & People, April May 2011, page 23: http://www.sandrp.in/drp/April%20May%202011.pdf

•	 Need	 for	 including	 traditional	 knowledge,	 traditional	 techniques,	 crops	 (e.g.	 millets)	
where appropriate

•	 The	need	for	options	assessment	studies	in	order	to	respond	to	big	infrastructure	plans.

The documentation of case studies will be in the context of climate change adaptation 
and ecological resilience. The report will try to highlight the potential of options in 
scaling up and providing solutions to climate adaptation, sustainable and democratic water 
management, biodiversity conservation and poverty alleviation. 

Vulnerable sections: Adequate vulnera-
bility assessment is the key requirement 
to know the possible impact of climate 
change and to formulate and implement 
adaptation strategies and policies. Inequality 
and vulnerability are closely related (see Box 
1). Some of the sections of Indian population 
that are most vulnerable to the impact 
of climate change in the context of water 
and agriculture include: farmers dependent 
on rainfed agriculture, coastal populations, 
communities from Himalayas, Eastern & 
Western Ghats, Fisher-folks, Adivasis, 
Dalits, Rural populations, Urban Poor and 
Women. Any action plan (like the National 
Action Plan for Climate Change (NAPCC) 
or the State Action Plans for Climate Change 
(SAPCC)) should begin with identification 
of the poor and the vulnerable sections and 
the focus of the plan should be to ensure that 
these sections are able to cope with the impact 
of climate change. This is unfortunately not 
true for India’s NAPCC or SAPCCs.

Agriculture is one of the most vulnerable 
sectors in the climate change context as it is 
inherently sensitive to climate variability and 
climate change will leave its impacts on Indian 
agriculture in various direct and indirect 
ways. This obviously means an impact on the 
lives and livelihoods of millions of Indians. 
Majority of these populations tends to be 
located geographically in vulnerable areas, 

such as flood plains, coastal areas, hills & mountainous regions or regions with nutrient-
poor soils. The poor are less capable to respond and cope with climate change challenges 
due to limited social, institutional and financial capacity.

Box 1
Inequality & Climate Vulnerability Linked
A stark illustration of the link between inequality 
and vulnerability to climate change was the contrast 
between an Adivasi plot of land and the adjacent paddy 
rice field in Chapai Nawabganj district - a drought 
affected area northwest of Dhaka, Bangladesh. The 
Adivasi spinach plot was drip irrigated by plastic 
bottles suspended overhead - a low-cost approach to 
drip irrigation that was making the most of a limited 
amount of rainwater collected from nearby ponds. In 
contrast, next door was a field of paddy rice - lush and 
green with at least a foot of water on the field. The 
contrast points to need to focus on the policies that 
govern control of, and access to, water resources. The 
rich are better placed to win competitive leases to use 
ponds and to access groundwater. Achieving change 
at scale requires a more policy-oriented approach that 
tackles some of the root causes of inequality. 

We also need a better understanding of how 
interventions to improve access to water impact the 
wider ecosystem. When planning community level 
initiatives, development agencies have struggled to 
understand water systems at the ecosystem level. 
Collaboration between those familiar with ecosystem-
wide impacts and those undertaking development 
projects could be beneficial. We need to build on what 
has already been learned about facilitating processes 
that ensure equitable and sustainable entitlements to 
resources across a whole ecosystem. Having funding 
available for climate change adaptation at the local 
level is important. Greater community organisation 
and involving these organisations in local govt 
decision-making were vital first steps to improving 
accountability. This could help encourage a more pro-
poor approach to natural resource management.2
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Rainfed farmers About 80 million ha out of net sown area of around 141 million ha 
or about 55% of the net sown area in the country is rainfed. Around 40 million hectares 
is flood-prone. The poorest people are likely to be hardest hit by the impacts of climate 
variability and change because they rely heavily on climate-sensitive sectors such as rainfed 
agriculture and fisheries. Most of the tribal areas of the country are also rainfed.
Coastal areas: The coastal areas support a large concentration of poor farmers and fisher-
folk who will face the worst impacts of climate change in terms of sea level rises, storms, 
major rainfall variations, floods, decline in fisheries, etc. 

for example, the climate change is affecting Indian Sundarbans in a major way. the 
statistics are revealing:

•	 Sea	surface	temperature	(SST)	in	the	Sundarbans	is	 increasing	at	the	rate	of	0.5OC	per	
decade; globally, the rate is 0.06OC per decade. Higher SST is leading to sea level rise 
and adverse impact on the fish stocks.

•	 Sea	 level	 is	 rising	 in	 this	 region	 at	 a	 rate	 higher	 than	 the	 global	 average.	 In	 the	 past	
25 years, sea level has risen at a rate of 8 mm/year – more than double the global 
average. This is leading to land loss as well as increasing soil salinity. The Indian part 
of Sundarbans has been losing land at 5.5 sq km/year over the past 10 years.

•	 The	 frequency	 of	 severe	 cyclone	 in	 the	 region	 has	 increased	 by	 26	 per	 cent	 over	 the	
past century.3

Himalayas The Indian Himalayas represent 10 hilly states including parts of Assam 
and West Bengal covering about 3.8% of country’s total population and a land area of 
5.3 lakh km2, comprising 16.2% of India’s geographical area. The mountain ranges are 
mostly inhabited by ethnic tribes who are extremely resource poor and have meagre loss 
bearing ability. Therefore, any shift in climate is bound to have paramount influence on 
the livelihood and biodiversity of the region. The major ongoing and planned onslaught 
of big hydro projects, big dams and related infrastructure is already deteriorating adverse 
impacts on these populations. When such projects are justified in the name of climate 
friendly actions, the injustice for these populations is multiplied many fold. 

Eastern and Western Ghats These are bio diverse areas that are ecologically fragile, 
prone to soil erosion, land slides and so on. Here again there is a big concentration of tribal 
populations dependent on natural resources and relatively poor soils. Ironically, the same 
region faces onslaught of dams and hydro projects, mining and large scale infrastructure 
projects increasing its vulnerability in coping and adapting to climate change.

Adivasis About 8% of India’s population is tribals, spread across the forests and 
mountain areas. These very areas are also the focus of big dams, mining and such ecologically 
and socially disrupting projects. It has been well established that tribals are the largest 
proportion of dam displaced population in India. The adivasis basically depend on natural 
resources on which they do not have documented rights. So these original dwellers (that 
is the meaning of word Adivasi) are always considered illegal encroachers, making them 
most vulnerable to climate change because of their direct dependence on natural resources. 

3 http://www.cseindia.org/node/3621, accessed on Dec 30, 2011
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Then when projects that adversely affect them are taken up in the name of climate action, 
they are further affected.

fisherfolk The fisheries sector employs about 14.5 million people across India. Indian 
fishery sector has observed a growth with an annual fish production of over 7.6 million 
ton during 2008-09 from around 0.75 million ton in 1950-51. The contribution of inland 
fishery sector has increased from 0.218 million ton during 1950-51 to 4.6 million ton in 
2008-09. Because of the extremely low tolerance of fish to changing temperatures, fisheries 
sector is most vulnerable to climate change. Drought, coupled with increase in temperature 
results in poor fish breeding and death of fish spawns, fry and fingerlings. Changes in the 
rainfall and flow pattern also affect fisheries severely. 

Assessment of India’s Water Sector in Changing Climate There have been some 
attempts at modelling India’s water sector in Changing Climate (by the Central Water 
Commission, as part of National Water Mission under India’s National Action Plan on 
Climate Change4, International Water Management Institute, Planning Commission, state 
climate action plans, academics5, Corporate bodies, Indian National Network on Climate 
Change and others) to predict the future scenarios. 

For any such attempt to succeed, one needs to have a clear picture of the situation that 
prevails, along with the various human interventions and uses of water. Without this the 
predicted scenarios are not likely to be very accurate. However, we do not have such a 
picture of prevailing situation in water sector. Accurate basin wise figures of water flows and 
water use are not available. Most of the available water flow data are not in public domain, 
since the government considers them state secrets. Another limitation of available river 
flows data is that they are not virgin flow data. The flows are hugely affected by the man 
made interventions like dams, diversions, hydropower projects, groundwater abstractions 
on massive scale and so on. Each of these will be separately impacted by climate change 
and what we see as rivers flows will be the cumulative impact of it all. 

Moreover, the situation in India’s water sector is changing pretty rapidly. India’s 
economy, water use pattern, cropping patterns, urbanisation, rapid building of infrastructure, 
rapidly increasing micro scale water extraction (groundwater) and increasing per capita uses 
are all inflicting rapid changes in water resources situation in most basins. In such a dynamic 
situation, the models have to make heroic assumptions. Such assumptions make the whole 
exercise of predictions relatively unreliable since both land use and man made changes in 
rivers are occurring at rapid rate. Moreover, most models only work at macro level, say 
sub basin level at the lowest size and not further lower, again making the predictions that 
much less useful for the farmers at the micro or local level. 

Here it may be noted that figures of evapotranspiration (ET) are dependent not only 
on the weather parameters, but also on the soil moisture levels. Now soil moisture levels 
also depend on the carbon content in the soil, higher this content, greater is the capacity 
of the soil to retain moisture, that too for longer periods. But most estimates of ET figures 
do not take this factor into account.

4 For NAPCC document, see: http://pmindia.nic.in/climate_change.htm, similarly, many states have developed 
state action plans, e.g. Rajasthan: http://210.212.96.131/rpcb/ReportsAndPaper/ClimateChange_15_12_2011.
PDF

5 e.g. Gosain AK et al, Climate change impact assessment of water Resources of India, Current Science, Aug 
10, 2011
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Climate change impacts on water sector: It is imperative that dealing with water sector 
in the changing climate should lead to sustainable development. Secondly, without a right 
based approach work in water sector is likely to lead to further deprivations for those who 
do not have access .Thirdly, the access to water has to be seen along with access to food, 
energy, environment and livelihood.

India’s first 4X4 climate assessment report On Nov 16, 2010, India’s Union Minister 
of State for Environment and Forests released what he called country’s first 4X4 climate 
assessment report6. It is called 4X4 since it covers four climate vulnerable regions and 
looks at four key sectors. As the minister said in his foreword to the report, “This report 
provides an assessment of impact of climate change in 2030s on four key sectors of the 
Indian economy, namely Agriculture, Water, Natural Ecosystems & Biodiversity and 
Health in four climate sensitive regions of India, namely the Himalayan region, the Western 
Ghats, the Coastal Area and the North-East Region. It is for the first time that such a 
comprehensive, long term assessment has been undertaken based on rigorous scientific 
analysis. It is also for the first time that an assessment has been made for the 2030s (all 
previous assessments were for the 2070s and beyond).” The report has been put together 
by Indian Network for Climate Change Assessment, which was launched by the Union 
Ministry for Environment and Forests on Oct 14, 2009. The network brings together over 
120 institutions and over 220 scientists from across the country to undertake scientific 
assessments of different aspects of climate change.

the Himalayan region While describing this region in section 2.3.1, the report makes a 
strange statement, “The Himalayas have major hydroelectric potential, but the development 
of hydroelectric resources requires outside capital investment.” This is indeed very strange 
because the report does not even take note of the likely impact of such projects on the 
parameters it is studying, nor does it take note of the kind of impacts such projects would 
have on the climate itself. The hydropower projects in the Himalayan region are aiding 
the climate change impacts and more such projects will accelerate these impacts. These 
projects are also taking away the water, food and livelihood security of the most vulnerable 
sections of the population that depend on natural resources. The report does not take note 
of these crucial issues.

Key findings of the study The Western Ghats, a hill-region running parallel to the 
west coast in peninsular India and traversing six states, will be impacted greatly by a rise 
in temperature by as much as 4.5° C. It is recognized as a global biodiversity hotspot. 

Intense Precipitation: Rainfall & snowfall are projected to increase and intensify in 
India, adding 5-10 annual days of extreme events in all four regions by 2030. The country 
will have 3-7 per cent overall increase in summer monsoon rainfall in the 2030s with respect 
to 1970s. On a seasonal scale though, except for the Himalayan region, all other regions 
are likely to record lower rainfall in winter as well as pre-summer period.

Extreme rainfall events have shown an increase since the 1980s across the country. The 
study covered precipitation analysis of 165 stations across the four regions and found that 
many places had shown an increase of 40-370 per cent increase in intensity since the 1980s. 
For example, Amini Devi in Lakshadweep islands recorded 170 cm of rain on a single 

6 See report at: http://moef.nic.in/downloads/public-information/fin-rpt-incca.pdf
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day on May 6, 2004, as opposed to the previous one-day extreme rainfall event that had 
recorded only 25 cm. In parts of Western Ghats and north-eastern India, one-day rainfall 
of 50 cm and above has been recorded. The study noted that the intensity of rainfall has 
been rising in the period 1980-2010 and the pattern will intensity by the 2030s.

Sea level Rise As per the study of the tide gauge records of the north Indian Ocean 
for more than 40 years, conducted by the National Institute of Oceanography, it is 
observed that the sea-level rose by 1.06-1.75 millimetres per year in the past century.7 
Overall, the Sea level in India has been increasing by 1.3 mm/year, which is consistent 
with IPCC projections and is anticipated to continue to rise; cyclones will intensify, while 
the number of cyclones decline. Sea-level rise will impact several areas on the country’s 
east coast. Three most vulnerable coastal areas studied for inundation due to sea-level rise 
were Paradip, Nagapatinam and Kochi. The study showed if the sea-level rises by one 
metre, it will inundate up to 478 square km coastal area around Paradip, 169 sq km around 
Kochi and 4.2 square km surrounding Nagapatinam which is known for storm surges and 
tsunami in 2004.

As many experts, including from the mainstream like Dr MS Swaminathan has noted, 
Mangroves can protect coastal areas from storms, tsunamis, as was also evident from 
experience of December 2004 Tsunami that South Indian coastal areas faced.

floods & Droughts All four regions are expected to experience a 10-30 percent increase 
in the magnitude of flooding from the existing levels; droughts are expected in most of the 
regions with the Himalayan region experiencing moderate to extreme drought severity.

Crop Production Rice, corn, and sorghum yields will fluctuate in India. While a few 
areas are projected to see a modest (4 percent) increase in rice yields, others will see sharp 
declines (as high as 50 percent) in rice, corn, and sorghum yields.

The warmer atmosphere will be good for irrigated rice, as it tends to increase with 
carbon dioxide fertilisation, says the report. However, rainfed agriculture, which provides 
livelihood for the majority of India’s farmers, will suffer, and there will be more stress on 
livestock and on milk productivity.

livestock Cattle, pigs, goats and other livestock are all predicted to be highly vulnerable 
and stressed, including reduced milk production, as a result of increased temperatures, 
especially in the months of May and June.

fisheries - Sardine and mackerel populations are likely to shift populations northward 
and some populations may increase overall yield.

“The west coast might have more mackerel, the eastern coastline faces severe marine 
pollution,” says Arjilli Dasu, executive secretary of the Vishakhapatnam-based District 
Fishermen’s Youth Welfare Association. “The eastern coast has no ecological conservation 
measures, such as mangrove regeneration, in place. We expect, at the current conditions, 
that the sea will ingress at least 10 to 15 metres into the villages by 2020 itself.”

forests/Biodiversity All four regions are vulnerable to climate change in the short 
term, with changes ranging from 8-56 percent in vegetation cover.8

Adaptation It is rare that adaptation measures are planned solely in response to 
climate change but as a combination of options to provide a resilient supply to a range of 

7 http://pib.nic.in/newsite/erelease.aspx?relid=78613	dated	Dec	13,	 2011
8 Dams, Rivers & People, Oct Nov 2010, page 14-15: www.sandrp.in/drp/DRP_Oct_Nov-2010.pdf
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factors. As in case of climate change in general, water sector in particular too, vulnerability 
will need to be assessed in a bottom up approach. An interesting example of this could 
be seen in the assessment of vulnerability done for two villages in Lakhwar watershed 
in Uttarakhand9. The Paper by TERI (The Energy Resource Institute) researchers says: 
“Highly water stressed micro watersheds were identified by modelling surface runoff, soil 
moisture development, lateral runoff, and groundwater recharge. The modelling results 
were shared with communities in two villages, and timeline exercises were carried out 
to allow them to trace past developments that have impacted their lives and livelihoods, 
and stimulate discussion about future changes and possible adaptation interventions.” The 
paper concludes, “It is difficult to reconcile a situation where there is severe lack of water 
and near abandonment of farming as a livelihood, with the National Water Policy (2002) 
which lays emphasis on the sale of water, and the right of the government or gram sabhas 
to sell excess water.”

Adaptation measures should not only be developed for individual sectors but a more 
integrated approach is necessary. 

•	 Hard measures
	 •	 Adopting	operation	of	 existing	 resources	 in	 the	 context	of	 climate	 change
	 •	 Protection	of	key	existing	resources	 like	 local	water	systems,	wetlands,	 lakes,	 tanks,	

forests, etc. 
	 •	 Soil	 and	water	 conservation,	 increasing	 soil	 carbon	content
	 •	 Prioritising	 the	 developmental	 options	 keeping	 in	mind	 the	 needs	 of	 those	who	do	

not have access and who are vulnerable. 

•	 Soft measures
	 •	 Monitoring,	 forecasting,	 measuring,	 analysing	 and	 providing	 data	 about	 rainfall,	

snowfall, stream flows, groundwater levels, water quality, soil moisture, floods, 
droughts, storms, cloud bursts, glacial floods. Helping the community to develop 
coping mechanisms, providing back up arrangements

How the government deals with CC impacts on water India’s National Action 
Plan for Climate Change, formulated by Prime Minister’s Advisory Council on Climate 
Change was released on June 29, 2008.10 It is supposed to provide a road map for India in 
the context of climate change, to be implemented for the period upto March 2017. It has 
eight missions: Water, Sustainable agriculture, Energy Efficiency, Solar, Sustainable Habitat, 
Sustainable Himalayan Ecosystem, Green India and the Strategic Knowledge Mission. 
Almost all missions would involve and impact water sector in one way or another. 

The water sector in the NAPCC, like the other sectors of NAPCC, broadly follows 
a business as usual approach. There are some welcome statements about increasing water 
use efficiency, recycling urban waste water, protecting wetlands, etc, but these have been 
declared intentions for about two decades without significant serious action. It talks about 

9 http://water.columbia.edu/sitefiles/file/pub/White%20Papers/Kapil%202008%20Vulnerability.pdf
10 For a detailed critique of NAPCC, see: http://www.sandrp.in/CRTITUQE_ON_INDIAs_CLIMATE_

PLAN-There_is_Little_Hope_Here_Feb_2009.pdf
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“regulatory mechanisms with differential entitlements and pricing”, which can possibly 
create more problems than solutions for the poor. Strangely, it mentions low temperature 
desalination as the only “new and appropriate technologies”. The NAPCC mentions that 
National Water Policy will be revisited, but only “in consultation with states” and only to 
“ensure basin level management strategies”. It advocates “special effort to increase storage 
capacity”. This fortunately includes a mention of underground storages, but in absence 
of clear plans, programmes, resources and implementation mechanisms, it could end up 
paying lip service to underground storages and instead continue the current overwhelmingly 
dominant strategy of storages through BIG DAMS. 

The NAPCC has nothing to say about the best options available for different agro-
geo climatic situations, about a credible participatory process to arrive at appropriate 
National Water Mission (NWM), about learning from the rather abysmal and deteriorating 
performance of past big projects, about prioritising the best options for fulfilling water 
needs of already water scarce and vulnerable people and areas, about right based approach 
for the basic needs of the people and so on.

National Water mission The nodal ministry for the National Water Mission (NWM) 
under the NAPCC is the Union Ministry for Water Resources. NWM goals, to be achieved 
by 2017 are: 

•	 Comprehensive	 water	 data	 base	 in	 public	 domain	 and	 assessment	 of	 the	 impact	 of	
climate change on water resource; 

•	 Promotion	 of	 citizen	 and	 state	 actions	 for	 water	 conservation,	 augmentation	 and	
preservation; 

•	 Focused	 attention	on	vulnerable	 areas	 including	over-exploited	 areas;	

•	 Increasing	water	use	 efficiency	by	20%;	 and	

•	 Promotion	of	basin	 level	 integrated	water	 resources	management.	

Contradicting these intentions, the process of formulating the NWM was completely 
non transparent and non participatory even though many including SANDRP, had 
written to the Ministry of Water Resources in early 2009, suggesting such an approach. 
SANDRP’s critique of the National Action Plan, including the Water Mission, was sent to 
all the members of the PM’s council on water mission and all the members of the various 
committees constituted for the water mission with suggestions to go forward. The NWM 
was finally cleared 28 months later in May 2011, giving sufficient time for the ministry to 
conduct a participatory process for formulation of the mission. 

The government’s press release in May 2011, declaring that the Cabinet has cleared the 
NWM said, “it is essential to make available all data on water in the public domain”, but a 
week after that press release, at a hearing before the Central Information Commission (in a 
case by SANDRP), the Union Ministry of Water Resources, the nodal ministry for NWM 
refused to share the report, minutes and agenda notes of meeting on large hydropower 
projects in the North East India. It is clear that Union Ministry of Water Resources have 
rather far to go.

ADB aid for NWm The Asian Development Bank (ADB) is providing Technical 
Assistance (TA) to Ministry of Water Resources, GoI in three distinct areas of concern viz. 
(a) alterations of winter snow-pack dynamics from climate change (Selected basin: Sutlej); 
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(b) basin/sub-basin where groundwater is major water resource (Betwa sub basin); and (c) 
low lying coastal areas where sea level rise will have impacts on surface and groundwater 
(Cauvery delta). The TA is supposed to produce outputs Preparing strategic framework for 
IWRM (Integrated Water Resources Management) to address climate uncertainty, assessing 
the potential for improving water-use efficiency and Road map for effective institutions, 
specialist training, and awareness.

ADB Report on Himachal climate adaptation water strategy The Chief Secretary 
of Himachal Pradesh has released ADB report on “Climate Change Adaptation Water 
Resources Strategy for Himachal Pradesh”.11 She said that this study has been done 
by ADB under technical cooperation programme with the Department of Agriculture, 
Himachal Pradesh which started in Sept 2009. The strategy examines the present institutional 
arrangements for water resources management and assesses the requirement for institutional 
development, strengthening and necessary reform measures to support the development 
of sustainable water resource management. It was revealed that Analysis of temperature 
trends in the Himalayas and vicinities shows that temperature increases are greater in the 
uplands than the lowlands. It is noteworthy, however, that the ADB is involved in funding 
large hydropower projects in Himachal Pradesh, which are actually destroying the water 
resources and also accelerating the climate change impacts with destruction of forests, 
rivers and other natural resources12. Credibility of ADB efforts on climate change, under 
the circumstances, will remain suspect. 

Green India mission misses crucial lessons The National Mission for a Green India, 
acknowledges the “influence that the forestry sector has on environmental amelioration 
through climate mitigation, food security, water security, biodiversity conservation and 
livelihood security of forest-dependent communities”. One of three basic objectives of the 
mission includes, “Enhance the functions and resilience of ecosystems, including increased 
water infiltration, groundwater recharge, stream and spring flows, biodiversity values and 
forest benefits (fuel wood, fodder, timber and non-timber forest produce, among other 
things) to local communities.” The mission document makes many promises but does not 
spell out how they will be achieved. One of its biggest weaknesses is the complete absence 
of a strategy to prevent the loss of standing forests. While the MoEF formulates greening 
programmes, the Government of India is busy de-greening India. Between 1999 and 2007, 
about 50,000 ha of forest land, some of it with good standing forests was diverted annually 
to non-forest use. Communities have been involved in various plantation and protection 
activities but the decision-making has not been shared, and often the promised benefits 
have not reached the people, resulting in low stakes and sustainability. A Joint statement 
from forest movements clearly concluded: “This Mission, in its current form, will lead to 
increased land grabbing, violation of people’s rights, environmental destruction, and loss of 
common lands and livelihoods based on them, without in any way genuinely responding 
to the burning problem of climate change.”13

false solutions Many of the proposals put forward as solutions in the context of climate 
change have proven to be far from really solutions. Some prominent examples in this 

11 Dams, Rivers & People, June July 2010, page 17: http://www.sandrp.in/drp/DRP_June_July_2010.pdf
12 See, for example: http://www.sandrp.in/hydropower/Report_Adb_Financed_HEPs_HP%20210511.pdf
13 Dams, Rivers & People, June July 2010, page 16-17: http://www.sandrp.in/drp/DRP_June_July_2010.pdf
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context include the Clean Development Mechanism (CDM) projects, big hydro projects, 
large dams, nuclear power projects, genetically modified seeds, among others. All these 
figure prominently in India’s NAPCC too. 

CDm projects Clean Development Mechanism projects, administered by the United 
National Framework Convention on Climate Change, are supposed to help developed 
countries in achieving their emission reduction targets by helping developing countries 
achieve emission reduction and getting credit for the same by funding projects in these 
countries. The fundamental problem with this mechanism is its market driven nature in 
which the communities where the projects are taken up, have absolutely no role to play, 
receive no benefits from the projects or credits, they only get the adverse impacts. They 
are also not sustainable development projects in overwhelming, almost 99% of cases.14 The 
recent report commissioned by European Commission has also concluded that large hydro 
projects contribute little to sustainable development.15

The NAPCC notes that 32% of the projects 
registered with UNFCCC’s CDM Executive Board 
come from India and 28.3% of the Certified 
Emission Reductions (CERs) issued came from 
India. However, the trouble with CDM projects 
in India is that the government only sees them as 
free gifts and is not bothered if the projects indeed 
qualify to be CDM projects from climate point 
of view, from environment impacts point of view, 
from social impacts point of view, from technology 
transfer point of view or from equity point of view. 
SANDRP had asked the Ministry of Environment 
and Forests, the Designated National Entity of 
India under the UNFCCC under India’s Right to 
Information Act as to how many of the applications 

for CDM projects the ministry had rejected and on what grounds. The answer from the 
Ministry was that they have not kept any record for such rejections! In reality, to the best 
of our information they have rejected none. (The cartoon above has been taken from the 
November 2007 issue of the eco-ethic newsletter.)

SANDRP has been monitoring and commenting16 on some of the CDM hydro projects 
during the validation process that the UNFCCC allows. SANDRP’s experience has been 
very frustrating. We have found that none of the hydro projects deserve to get CDM credits, 
for they all are business as usual projects (no additionally), they all adversely affect the local 
people, they all adversely affect the environment, the local people get no benefit from the 
project, they have no role in the CDM project cycle, the Project Design Documents of most of 
the hydro CDM projects are full of dishonest and unsubstantiated statements, the developers 
are doing nothing special on technology, social impact or environment impacts aspects. We 
have also found that even after making strong comments based on official documents, the 

14 See, for example: www.firstpeoplesfirst.in/admin/pdf/116The%20Indian%20CDM%20(2).pdf
15 Nov Dec 2011 issue (page 18-19) of Dams, Rivers and People, http://sandrp.in/drp/DRP_Nov_Dec_2011.pdf
16 For details see: http://www.sandrp.in/hydropower/ 
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UNFCCC process is completely non responsive as the only thing the designated operating 
agency and the developer has to do is to file some replies to the comments made. UNFCCC 
has no credible process to ensure that the replies are credible or truthful.

A classic case in this regard is the 192 MW Allain Duhangan hydropower project in 
Himachal Pradesh17. A recent shocking case is the World Bank funded 412 MW Rampur 
Hydro Power project in Himachal Pradesh.18 It is disturbing to note that the Swedish 
Energy Agency is a partner in this fraudulent case. 

In their paper19 Clean Development Dams in Himachal Pradesh, India, authors 
Alexander Erlewin and Marcus Nuller have assessed the effectiveness of large CDM 
hydro-projects in Himachal Pradesh. The report concludes that the CDM dams in the 
Himachal Himalaya fall short of achieving the goals of the CDM. Most projects are not in a 
position to compensate for emissions because they would have been built even without 
CDM support. “It is arguable whether CDM dams contribute to sustainable mountain 
development, because the consequences of their construction are the same as for many 
other ordinary large dams, that is, environmental damage and conflicts that arise from 
the reallocation of land and water resources. Our results suggest that the promotion of 
large hydropower projects through the CDM in its current form is a highly ambivalent 
strategy. Shortcomings in the regulatory framework of the CDM may be undermining 
the environmental and social integrity of the CDM at both the global and local levels.” 
At the same time, Study on the Integrity of the Clean Development Mechanism commissioned 
by the European Commission states20 that the EC should consider barring international 
offset credits from large-scale hydropower projects from the EU emissions trading scheme 
(ETS) as ‘results show that these categories of projects do little to contribute to sustainable 
development and social equity.’ In fact in words of climate expert Barbara Haya “the CDM 
is blindly subsidising the destruction of rivers” and subsequently abetting climate change.

large Hydro Vested interest lobbies like the International Hydropower Association 
are seeing opportunity in climate change to push large hydropower projects as solutions. 
Some Indian academic organisations like the Indian Institute of Technology, Roorkee are 
also using this opportunity to push such false solutions21. The World Bank and Indian 
government have also joined this chorus. Fortunately, a European Union study has recently 
(Dec 2011) demanded that large hydro should be excluded from EU’s emission reduction 
plans, the decision of EU on this study is awaited. 

Considering the serious adverse environmental impacts of large hydro projects, projects 
on the rivers, forests, biodiversity and livelihoods, they cannot be considered climate 
friendly. This is particularly relevant when all the adverse impacts are faced by the most 
vulnerable sections of the populations and when all the benefits go to the urban areas, 
mostly to elites and when all the profits go to the corporates. It is the exclusive focus on 
carbon that is leading to the lop-sided advocacy to consider large hydro as a solution in 
the climate context. In fact, in the climate change context, the destruction caused by such 
projects, whether storage based or run of the river projects, resulting in reduced coping 

17 For details see: http://www.sandrp.in/hydropower/Allain_Duhangan.pdf
18 For Details see: http://sandrp.in/hydropower/Scam_UNFCCC_registers_Rampur_hydro.pdf
19 http://www.bioone.org/doi/full/10.1659/MRD-JOURNAL-D-11-00054.1
20 www.ec.europa.eu/clima/policies/ets/linking/studies_en.htm
21 See, for example: www.hydroworld.com/index/display/news_display.1562848853.html accessed on Dec 15, 

2011
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capacity of the society to face impacts of climate change, should be sufficient to disqualify 
them from being considered as solutions in climate change context. This is also true for 
other large dam proposals. In tropical and even sub tropical climates, these projects are 
also known to emit methane, thus adding o the green house gas emissions. 

the Governance Options A key issue that needs to be addressed in water sector is to make 
the governance in the sector (see Box 2 below) more democratic: more transparent, participatory 

and accountable. As the report of the 
World Commission on Dams22 released by 
Nelson Mandela in Nov 2000 after a most 
inclusive, open and most credible process 
of assessing development effectiveness of 
dams across the world showed, it is 
through participatory planning and 
decision making process for water and 
energy development and management 
that most appropriate, just and publicly 
acceptable decisions can be arrived at.

Overview of this Report After an 
overview of the situation in water sector in 
the climate change context and what is being 
done about it, Chapter 2 describes how 
Rainfall is affected by changing climate. 
Chapter 3 looks similarly at Himalayan 
Glaciers, Chapter 5 at Rivers, floodplains, 
wetland and water bodies. India’s huge 
existing water infrastructure is reviewed 
in Chapter 6 to see what problems and 
prospects they pose in changing climate. 
Chapter 7 looks at the important sector 
of Agriculture to consider the options 
available. Next chapter provides examples 
of some positive local water adaptation 
cases. India’s rapid urbanisation is bound 
to constrain water resources and chapter 
9 attempts a quick review of this in 
the context of climate change. Chapter 
10 contains a case study on Organic 
farming and Chapter 11 one on agriculture 
plantation setting in forested areas of 
Western Ghats in Kerala. The report ends 
with a concluding note in Chapter 12.

Box 2

Indo German Report on Adaptation 
in Rural Areas of India23

To bring about effective adaptation to climate change in 
water resources management, greater attention must be 
paid to shaping and strengthening policies, mechanisms 
and structures of water governance at the local, national 
and regional level. This requires particular attention 
to: availability and communication of information; 
participation of all stakeholders involved, including 
local capacities for collective action and organisational 
capabilities of water users; sectoral integration and inter-
sectoral coordination.

Interestingly, the Indo German joint study focusing 
on adaptation for rural areas of India says, “Due to 
the uncertain effects of climate change, identifying 
effective interventions is particularly challenging. Climate 
projections are often inconsistent and lack accuracy 
– especially at the regional and local level. This has 
guided climate adaptation research towards new – 
adaptive – approaches in water management that enable 
water managers to cope with future uncertainties. The 
concept of Adaptive Water Management aims at more 
institutional flexibility and provides stakeholders with a 
central role in an iterative social learning process. Hence 
adaptive management is about flexibility, about adjusting 
water management strategies so that they become more 
resilient under a wide range of future conditions. Various 
methods, such as forecasting, risk mapping and insurance 
systems, especially for drought and flood events, have 
been established to help develop such strategies. Wider 
stakeholder involvement and transparency are also 
required to enhance political support for sharing the 
burden and possible benefits of the impacts of climate 
change. Adaptive Water Management, an approach 
derived from the field of industrial operation theory, is 
rarely mentioned explicitly in Indian policy documents.”

Unfortunately, whatever few measures that the study 
mentions like water policy document, is of little effective 
relevance since there is little attempt at implementing the 
water policy measures. 

22 www.dams.org 
23 Adaptation to Climate Change with a Focus on Rural Areas and India, a joint report by GIZ, Federal 

Republic of Germany and Ministry of Environment and Forests, Govt of India, December 2011, see: http://
www2.gtz.de/dokumente/bib-2011/giz2011-0479en-climate-change-rural-india.pdf
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India’s primary source of freshwater is the monsoon and unfortunately, there is increasing 
evidence that the monsoon is getting affected due to the global warming and also due to 

the Atmospheric Brown Clouds.24 At least 55% of India’s net sown area of 141 m ha is 
rainfed. For most of farmers in rainfed areas, annual monsoon crop is the only source of 
livelihood. For them, it is not just the quantum of rainfall, but timely onset of monsoon 
and regular pattern of rainfall through the monsoon which is crucial for the success of their 
annual crops. Climate change is already altering these parameters with increasing frequency 
and spread, jeopardizing the livelihoods of millions of people for no fault of theirs. Even 
in case of irrigated areas, the sources of irrigation majorly depend on annual replenishment 
through monsoon rainfall. Thus, the variation that climate change is bringing in rainfall 
quantum and patterns is affecting irrigated areas too.

India needs to firstly improve its monsoon prediction capabilities, considering the crucial 
role monsoon plays for the people, their livelihoods and economy. A National Mission 
on Monsoon Prediction is being launched for this25. This five year project will cost the 
nation Rs 350 crores and it is hoped that it will enable better prediction of medium range 
forecast for 15 days on the one hand and monthly, seasonal and inter seasonal predictions 
on the other with the help of United Kingdom and United States. 

Union Minister for Earth Sciences, Government of India, in response to a question in 
Lok Sabha on March 10, 2010 about the impact of climate change on India’s South West 
Monsoon said that the major findings of various studies are as under:

i) The south-west monsoon rainfall over the country has decreased by nearly 4.7% during 
the period 1965-2006 as compared to the earlier period (1931-1964).

ii) Heavy rain events (>10 cm/day) over central India are increasing at about 1%/year 
while weak and moderate events (1-5cm/day) are decreasing at about the same rate 
over the past 50 years.26

RAINFALL
2

24 The Times of India, November 15, 2008, ‘Haze behind melting glaciers in Himalayas’
25 http://www.thehindu.com/news/national/article2775307.ece
26 Dams, Rivers & People, Feb March 2010, page 9: http://www.sandrp.in/drp/DRP_Feb_March-2010.pdf
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According to the projections of changes in temperature and rainfall in Indian 
subcontinent based on Global Climate Model, “The increase in annual mean precipitation 
is projected to be 7 - 10% by 2080s. Winter precipitation may decrease by 5 - 25%. An 
increase of 10 - 15% is projected in area average monsoon rainfall. Over northwest India, 
during monsoon season an increase of about 30% or more is suggested by 2050s. The 
western semiarid margins of India could receive higher than normal rainfall in the warmer 
atmosphere. It is likely that date of onset of summer monsoon over India could become 
more variable in future. All climate models simulate an enhanced hydrological cycle and 
increases in annual mean rainfall over South Asia”.27

The working group report on water resources for the 11th five year plan has said, “An 
increase in mean temperatures would increase the energy flux for evapo-transpiration. The 
increased potential evapo-transpiration in the forests could trigger major changes in the 
environment, and in the farms it would result in an increased crop water requirement. The 
changes in seasonal temperatures could change the crop seasons.”28

According to Dr PV Joseph, former Director of the India Meteorological Department, 
“A new finding is that the sea surface temperature of the equatorial Central Indian Ocean 
has had a phenomenal increase of about 1.5 decrees Celsius during the last 50 years, this 
might weaken the monsoon heat engine”. He went on to say that due to this, the monsoon 
rainfall in Kerala over the last 100 years have shown falling trend.29

The National Institute of Hydrology has studied changes in rainfall and relative humidity 
in different river basins in the northwest and central India. In this study seasonal and annual 
trend of changes in rainfall, rainy days, heaviest rain and relative humidity have been studied 
over the last century for nine different river basins in the northwest and central India. 
Majority of river basins have shown increasing trend both in annual rainfall and relative 
humidity. The magnitude of increased rainfall for considered river basins varied from 2 to 
19% of mean per 100 years. Maximum increase in rainfall is observed in the Indus (lower) 
followed by the Tapi river basin. Broadly, a regional pattern of changes in rainfall trend 
(% of mean/100 years) over the last century has been noted. A summary of the results of 
different seasons for different river basins has been given in Table 1.30

Seasonal analysis shows maximum increase in rainfall in the post-monsoon season 
followed by the pre-monsoon season. Most of the river basins have experienced decreasing 
trend in annual rainy days with maximum decrease in the Mahanadi basin. The heaviest 
rain of the year has increased by 9 to 27 mm, being maximum increase for Brahamani & 
Subaranrekha river basin. A combination of increase in heaviest rainfall and reduction in 
the number of rainy days suggest the possibility of increasing severity of floods. Eastern 
India has been experiencing unusual rainfall deficits in recent years (see Box 3 for example). 
Such information can be very useful for the planning, development and management of 
water resources.

27 MWR June 2008, p 44
28 MWR June 2008, p 32-33
29 The Hindu, January 21, 2009, Warming ocean alters monsoon
30 From India Country Paper on Water Security, by Central Water Commission (June 2011) presented at the 

Climate Summit for a Living Himalayas, November 2011, Bhutan, see: http://www.bhutanclimatesummit.
org.bt/main/countryPaper.php, accessed on December 13, 2011
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Table 1. Trends and magnitude of changes in rainfall (% mean/100 years), rainy days 
(% mean/100 years) and heaviest rain (mm/100 years) for different river basins

# River Basins Rainfall No of Rainy days Heavy 
Rain

S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S5

1 Indus (lower) 3.51 22.53 13.93 46.91 19.03 -16.71 14.64 0.57 11.58 5.96 22.16

2 Ganga 0.25 10.07 1.74 13.68 3.16 -16.82 2.02 -2.31 6.8 -3.49 9.31

3 Brahmani & 
Subarnarekha

-19.31 19.76 2.32 10.57 3.4 -29.59 9.53 -3096 -3.94 -5.8 27.03

4 Mahanadi -9.33 -0.27 -5.31 10.63 -4.7 -22.34 2.67 -5.34 -9.96 -9.83 16.6

5 Tapi -24.26 -12.21 11.11 0.13 9.62 -34.01 -10.44 -0.66 0.26 -1.01 18.16

6 Narmada 2.74 -9.58 8.18 -8.04 6.92 -9.52 -17.54 -1.05 -5.8 -1.89 18.47

7 Mahi 63.05 -63.58 6.29 61.86 6.98 -18.63 -66.0 -2.37 59.97 -2.45 11.81

8 Sabarmati 42.6 -22.44 0.09 93.61 2.07 10.93 -57.91 -4.5 41.08 -0.76 15.11

9 Luni & others -10.49 2.58 -1.12 86.52 4.94 -39.49 -15.44 -3.4 57.44 -5.42 15.05

All NW & C 
basins

-2.02 5.54 2.87 31.28 5.18 -21.86 -3.29 -5.3 14.93 -3.23 14.17

Note: S1: Winter; S2: Pre monsoon; S3: Monsoon; S4: Post monsoon; S5: Annual

The findings of a study by IITM (Indian Institute of Tropical Meteorology) for impact 
of climate change on water resources including annual rainfall as well as annual flows in 
the three basins (Ganga, Krishna, Godavari) are given in the Table 2.31

Table 2

River Basins Baseline (1961-1990) Future (2071-2100)

Annual Rainfall, cm Annual flow, BCM Annual Rainfall, cm Annual flow, BCM

Krishna 91 60 112 67

Godavari 166 98 201 116

Ganga 134 482 150 543

Studies link floods to Climate Change Man-made greenhouse gas emissions are linked 
to more frequent heavy rainfall, two studies published have found, portraying a clearer 
human fingerprint after a spate of floods around the world. The two new papers pin an 
increase in heavy rainfall in the second half of the last century directly on climate change, 
as well as one particular extreme flood in Britain. 

A Canadian study published in the journal Nature analyzed a general increase in 
heavy rainfall globally from 1951-1999, and matched those observations with climate 

31 MWR, June 2008 p 46
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simulations, where the effects of man-
made greenhouse gas emissions were 
included, said co-author Xuebin Zhang, 
from Environment Canada, a government 
agency. Studies show that likelihood of 
extreme precipitation on any given day 
rose by around 7% over the last half 
of the 20th century at least for the land 
mass of the northern hemisphere for 
which sufficient figures were available. 
The principal finding of the new study is 
“that this 7% is well outside the bounds 
of natural variability”. 

A separate paper, also published in 
Nature, went a step further and forged 
a link between climate change and a 
particular extreme flood in Britain in 
2000, the wettest autumn since record 
keeping began there in 1766. The authors 
found that the flood was more likely 
when greenhouse gases were included in 
simulations than without. “In two out of 
three cases we found around a doubling 
of risk,” said co-author Myles Allen from 
Oxford University. Extreme weather 
caused devastating floods in Pakistan 
and China in 2010, which was tied as 

the warmest year since records began and heavy rains in Australia late in 2010 and early 
2011 disrupted coal mines and damaged transport infrastructure.33 Box 4 below elaborates 
on possible links between climate change and the unusual flood disaster in the dry desert 
of Ladakh in August 2010.

Changing pattern of Snowfall in Himachal Pradesh The decadal average precipitation 
from December to March has declined from 283.9 mm (1991-92 to 2000-01) to 235.1 mm 
(2001-02 to 2010-11) and the percentage of snowfall to total precipitation has also come 
down from 39 to 30. More importantly, the pattern of snowfall is also changing.

The research paper by SC Bhan and Manmohan Singh published in the Journal of 
Agro-meteorology reveals that in Himachal Pradesh quantum of snow has come down and 
most of the precipitation has been in the form of rain. The total precipitation has declined 
from 28.3 mm to 25.8 mm in December but snowfall decreased drastically from 9.9 mm 
to 1.4 mm. Similarly, the precipitation (snow) declined from 85.9 mm to 54.9 (49.5 mm 
to 26.1 mm) in January, from 87.2 mm to 82 mm (8.2 mm to 5.3 mm) in February and 
from 82.5 mm to 72.4 mm (8.2 mm to 5.3 mm) in March.

Box 3

Jharkhand: Extreme Rain Deficit

Jharkhand faced acute water crisis in summer of 2011 
because of two consecutive drought years and extreme 
rain deficit. Villagers dependent on open wells for drinking 
water are finding their wells dry. In Ranchi city, with 
140% groundwater draft, water supply to the 1.4 million 
population is restricted to between 15-30 minutes every 
alternate day because the three reservoirs that supply 
water to the city have very little reserves. Rain deficit in 
Jharkhand in 2010 was 41 per cent as against two per 
cent in the rest of the country. Against the normal rainfall 
of 1,100 mm the state receives, some districts received 
merely 500 mm rain. According an NGO study, drinking 
water availability in three districts of the state was to be 
exhausted by mid-February 2011. Jharkhand’s water table 
has declined by an average three meters between 2009 
and 2010, from 17 m to 20 m. According to the Directorate 
of Groundwater decline in water table level was in 
centimeters till eight years ago. This is a serious issue as 
Jharkhand has porous, rocky aquifers which go dry with 
over exploitation. Rain deficit has hit agriculture badly 
and at 2.2 million tonnes agricultural produce this year, 
the state has produced less than half of its requirement. 
More and more extreme weather events are expected as 
a result of climate change and in the absence of a long 
term strategy to cope with Climate change, stop gap 
measures will have a limited success. The state needs to 
demand compensation for the losses it is suffering from 
those responsible for the climate change.32

32 “Dams, Rivers & People”, March 2011, p 13: http://www.sandrp.in/drp/DRP_March_2011.pdf
33 “Dams, Rivers & People”, March 2011 p 13-14: http://www.sandrp.in/drp/DRP_March_2011.pdf
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Flood risk increased The Indian Meteorological Department has come out with a 
Research Report on “Changes in extreme rainfall events and flood risks in India during 
the last century” which states that noticeable changes have occurred in the extreme rainfall 
events that happened in the past century over India. Trend analysis of frequency of rain 
days, and heavy rainfall days shows significant decreasing trends over central and many 
parts of north India and increasing trends over peninsular India. According to the report, 
the desert areas of the country have experienced increased number of wet days. The flood 
risk has increased significantly over India and the minimum temperature in the 2050s is 
expected to rise by 4°C all over India, with a further rise in temperature in the southern 
peninsula.35

The average date of beginning of snowfall was found to be January 1 (latest January 
20) and the average cessation of the season February 21(latest March 26). The average 
number days with snow in the season has come down to 8.2, with a maximum of 3.0 days 
in February. The highest number 20 days was recorded in the 1994-95 season. The snow 
season has shrunk as is evident from the fact that the average duration between the first 
and last snowfall has come down from 58.6 days (1991-2000) to 44.4 days (2001-2011). 
The change in the weather pattern will affect the river flows36.

Box 4 
Flood Disaster in Leh due to Climate Change

Based on an analysis of weather data from the last five years in Leh, Ladakh, scientists at Leh-based Defence 
Institute for High Altitude Research (DIHAR) have attributed the Aug 2010 cloudburst in the region to prolonged 
winters which may be due to climate change.

“After going through the sequence of events of the 
weather that led to the cloudburst in early hours of 
August 6, it has been reinforced that the catastrophe 
was due to prolonged winters being witnessed in 
the region,” sources in DIHAR said. The analysis by 
the research institute under the Defence Ministry 
was done to look into the reasons that triggered the 
cloudburst in Ladakh which is usually considered 
unnatural because it is a rain shadow area. At a 
recent meeting on “Evaluation of climate change in 
Ladakh sector and causes of Cloud Burst in Leh,” 
the scientists led by DIHAR director Sashi Bala had 
analysed the weather data of the last five years in 
terms of monthly temperature, rainfall, humidity and 

snowfall. The study indicated that increased temperature and hot summers in the plains lead to increased evaporation 
and subsequent cloud formation in the hills. “This in turn, led to increased duration of snowfall in Ladakh when 
compared to previous years.” The region was witnessing unusual phenomenon of bright sunshine in the June and 
July months causing melting of snow and high relative humidity (72%) as compared to previous years (50%). The 
low temperature and high relative humidity lead to formation of dense low clouds in the valley. 

The cloudburst, which led to flash floods and mudslides, claimed about 180 lives and injured about 400 people, 
besides causing widespread damage to public and private property.34 

34 Dams, Rivers & People, Aug Sept 2011, p 14: http://www.sandrp.in/drp/DRP_Aug_Sept_2010.pdf
35 www.indiawaterportal.org/node/17898
36 Snow season shrinking at alarming pace The Tribune Dec 14, ’11 www.tribuneindia.com/2011/20111214/

himachal.htm#1
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Implications It is clear from even this sketchy picture that rainfall pattern in India is 
changing significantly and a major reason for the changing pattern is climate change. The 
frequency and magnitude of high rainfall events is increasing. Number of rainy days is 
decreasing. This indicates increased frequency and severity of floods. The onset of monsoon 
and the gap between rainfall events is becoming irregular.

This is having huge impacts for all farmers, but particularly for the rainfed farmers. By 
way of adaptation strategies in this situation, we need to make local rainwater harvesting and 
ground water recharge central and top priority in our water resources policy, programmes 
and practices. Secondly, we need to incentivise changes in our cropping patterns, cropping 
methods (e.g. system of rice intensification and system of crop intensification), seeds and 
other agriculture practices that have better coping capacity. SRI crops help farmers to 
cope with the longer dry or wet spells that are likely in climate change scenario. Thirdly, 
we need to make our forecasting of rains more accurate and make this key information 
available to farmers. Fourthly, we need to incentivise practices that can lead to increase in 
carbon content in the soils. This will ensure that soils are able to retain moisture for longer 
periods, so that when there is longer gap between two rain events, the crops have greater 
chance of survival. We also need to review our reservoir operations to make them climate 
friendly and also make them more transparent, accountable and participatory to reduce the 
flood potential in the changing climate. Lastly, governments and the world need to put in 
place a much more credible system of compensating the farmers who suffer the impacts 
of climate change, in whose creation they have made the least contribution. 
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The Himalayan region, called the “Water 
Tower of Asia”, supports 9575 glaciers 

in India alone having an area of about 18054 
km2 and a volume of about 1291 km3. Vast 
area under permanent snow cover and glaciers 
(about 17% of Indian Himalayan Region), and 
about 30-40% under seasonal snow cover, form 
a unique water reservoir38. At the same time, 
this region is facing the most severe threat from 
climate change, the rate of change of temperature at an altitude above 3000 meters is 3 
times higher than the rate at sea level and average temperature rise in Himalayas in the 
last century is higher than the global average of 0.74 degree Celsius.

All the major north Indian rivers owe their origin to thousands of glaciers and the 
snow mass in the Himalayas. The Geological Survey of India has started glaciological 
studies in 1840 and studies involving demarcation of the glacier snout were undertaken 
since beginning of the last century. Compilation of glacier inventory was initiated in 1977 
after the constitution of the world glacier inventory body at Zurich.

The Himalaya is a large mountain system, influencing the interaction between climate, 
hydrology and environment. The total spread of Himalayas between latitude 25° and 35° N 
and longitude 60° to 105° E covers an area of 84.4 lakh km2. The distribution of the areas 
at different altitudes is as under: Above 5400 m: 5.6 lakh km2; 3000-5400 m: 32.8 km2; 
1500-3000 m: 46 lakh km2. Indian part of the Himalayas above 1060 m covers an area of 
3.5 lakh km2 out of which 1.9 lakh km2 forms a part of Jammu & Kashmir, Uttarakhand 
& Himachal Pradesh and the rest is covered by eastern Himalayas. Distribution of glaciers 
depends on the altitude, orientation, slope and climatic zone in which they fall.

The main river basins fed by glaciers are the Indus, which rises near Mansarovar in 
Tibet; the Ganga that originates from Gangotri glacier in Uttarakhand; and the Brahmaputra, 
which also starts its journey from Mansarovar in Tibet but eastwards. During lean season, 

HIMALAYAN GLACIERS
3

“All samples will contain H2O. But the oxygen in 
snow gains mass as snow becomes glacier ice. 
The changes are reflected in different numbers 
of neutrons, which become signatures used 
to identify glacier water in rivers... the initial 
indications from limited data suggest glaciers 
supply about 5 percent of the water in the 
Ganges and 30 percent of the Indus, which 
sustains Pakistan…”37

37 http://www.denverpost.com/news/ci_19571609, accessed on December 19, 2011
38 Governance for Sustaining Himalayan Ecosystem G-SHE GUIDELINES & BEST PRACTICES Sept 2009, 

Ministry of Environment and Forests, see: http://gbpihed.gov.in/G-SHE_Book.pdf, accessed on Dec 15, 
2011
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river flows in these basins largely depend on the glacier melt which is vital for all kind 
of human and environmental activities. The temperature rise is going to affect the natural 
process of glaciation and de-glaciation and thus the human and environmental activities.39 

Specifically about the Himalayan glaciers, the IPCC has retracted its earlier prediction that 
they could disappear before 2035. But there is no doubt that Himalayan glaciers are melting, 
decreasing in area and volume, though the extent varies as we travel from East to West.

One of the key lacunae in data and analysis related to glaciers, snowfall and snow 
mass in India is that the available inadequate data does not include the depth of the snow 
cover over snow covered areas including glaciers and how this thickness of snow cover is 
changing. It is claimed40 that using an airborne LiDAR (light detection and ranging) using 
lasers can help map the depth of snow cover and detect the movement of glaciers. The 
Defence Research and Development Organisation (DRDO) through its Snow and Avalanche 
Studies Establishment (SASE) plans to start such mapping for Jammu and Kashmir and 
Himachal Pradesh to begin with, but it will take a while before such data is available in 

Table 3. Basin-wise areas and volumes of Indian glaciers

Basin No. of Glaciers Area (sq km) Volume (cubic km)

Indus Ravi 172 192.74 8.04

Chenab 1278 3058.99 206.15

Jhelum 133 94.18 3.30

Beas 277 599.06 36.94

Sutlej 926 1250.86 60.99

Indus 1796 2165.46 104.60

Shyok 2658 7105.66 601.71

Kishanganga 222 174.28 5.93

Gilgit 535 8240 ND

Basin Total 7997 14723.63 1027.66

Ganga Yamuna 52 144.47 12.21

Bhagirathi 238 755.43 67.02

Alaknanda 407 854.59 90.72

Ghagra 271 729.42 43.77

Basin Total 968 2483.91 213.72

Brahmaputra Teesta 449 705.54 39.61

Arunachal 161 223.37 9.96

Basin Total 610 928.91 49.57

Grand Total 9575 18054.05 1290.95

(Source: Preliminary Consolidated Report on Effects of Climate Change on Water Resources, Ministry of Water 
Resources, June 2008)

Note: The area total (and sub total for the Indus basin) does not include the Gilgit glacier area, the volume of the 
Gilgit basin glaciers is also not given in the above document.

 

39 MWR, June 2008, page 3
40 http://www.tribuneindia.com/2011/20110706/nation.htm#11, “DRDO to undertake laser mapping of 

Himalayas Exercise would help in identifying hazardous zones, availability”
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public domain. DRDO and SASE have not been known to make such information in public 
domain in the past, even though one of the objective of SASE41 is “to accelerate the pace 
of socio-economic growth of the inaccessible snowbound hill regions”. Socio-economic 
development in these areas cannot increase if the crucial information collected by SASE, 
DRDO and others about natural resources is not made public.

The Abu Dhabi Dialogue Group, working through SAWI (South Asia Water Initiative),42 
funded by the World Bank (and also Norway, UK and Australia) and assisted by the 
ICIMOD, and constituting the Himalayan countries of Afghanistan, Bangladesh, Bhutan, 
China, India, Nepal and Pakistan sharing the rivers starting from the Greater Himalaya 
also agrees, “The lack of data is so serious that there is a blank spot, meaning no data at 
all, in reports of the intergovernmental panel on climate change about glacier melting in 
the Himalayan region.” This is because there is limited density of hydro-meteorological 
stations, lack of regional cooperation in observation network design and management and 
absence of any pooling of data, knowledge and research. Given the scale of uncertainty and 
unprecedented risks posed to the livelihoods and prospects of such a large proportion of 
the world’s population, the absence of cooperation on the rivers of Himalayas poses a very 
serious challenge.43 The Group is expected to meet early 2012 to adopt a joint initiative 
concerning the impact of melting of the Himalayan glaciers. The participating countries 
have agreed to have a regional hydro-meteorological system to overcome shortage of reliable 
data and its sharing mechanism. 

Michele Koppes, a glaciologist from the University of British Columbia in Vancouver, 
Canada has said, “We know far less about the Himalayan ice masses than any other ice mass 
on earth, despite their influence on the three billion-plus people who live downstream from 
them. The true measure of glacier health is not the position of the snout but whether the 
glacier is losing mass through thinning—and it is its mass that determines what the storage 
capacity of fresh water may be and how it will contribute to downstream water supply. The 
variation in glacier size, shape and debris cover across the mountain range also dictates that 
no one glacier will truly be representative of what is happening across the whole region. 
Instead, what is desperately needed is a concerted effort to measure change at a number 
of glaciers around the region, across political boundaries, where the data collected can be 
standardized and shared so that a full picture of the fate of the Himalayan glaciers can be 
understood by all the countries affected.”

Snow & glacier melt in the Sutlej River at Bhakra Stream flow in the Himalayan 
Rivers is generated from rainfall, snow and ice. Snow and glacier melt runoff contributes 
substantially to the annual flows of these rivers and its estimation is required for the 
planning, development and management of the water resources of this region. The average 
contribution of snow and glacier melt runoff in the annual flows of the Sutlej River at Bhakra 
Dam has been determined in a study. The study by Pratap Singh and SK Jain published 
in the Hydrological Sciences in February 2002 has found that the average contribution of 

41 http://www.drdo.gov.in/drdo/labs/SASE/English/index.jsp?pg=homebody.jsp,	 last	 accessed	 on	 July	 7,	
2011

42 Fore	 details	 see:	 www.un.org/climatechange/projectsearch/proj_details.asp?projID=182&ck=aVmfG453KH
SJI81

43 Meeting planned on Himalayan rivers, The Dawn, Dec 28, 2011 www.dawn.com/2011/12/28/meeting-
planned-on-himalayan-rivers.html
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snow and glacier runoff in the annual flow of the Sutlej River at Bhakra Dam is about 
59%, the remaining 41% being from rain. 

Generally, the snowmelt contribution starts from March 
and lasts until June/July, depending upon the snowpack 
water equivalent accumulated in the preceding winter season 
and the prevailing temperatures in the summer season. As 
the summer season progresses, the snowmelt contribution 
increases continuously and exceeds the rainfall component. 
Thus in the pre-monsoon season (April-June), a major part 
of the stream flow is generated from seasonal snow. During the monsoon season (July-
Sept), flow is augmented by monsoon rains, producing higher discharges in the river. 
Generally, high discharges and floods are observed in the months of July and August and 
these are essentially due to heavy rain in the lower part of the basin. Usually, seasonal 
snow accumulated on glaciers during the winter season is ablated by the end of May/
June and glaciers start contributing to stream flow thereafter. Glaciers contribute to their 
maximum in the months of July and August. As such, glacier melt runoff contribution 
lasts till Sept/ Oct. In the post-monsoon season, stream flow is believed to be partly from 
the glaciers and some occasional rain events. Based on data for the period Oct 1986-Sept 
1996, the study found quarterly distribution of annual flows of Sutlej River at Bhakra as 
given in Table 4.

The average snow and glacier 
contribution in the annual flows 
of the Chenab River at Akhnoor 
was estimated to be 50% and 
for the Ganga at Devprayag 
was about

Table 4

Quarter Average runoff, mm % of annual flow

Oct-Dec 55 9.9

Jan-Mar 38.1 6.9

Apr-June 150.9 26.8

July-Sept 317.4 56.4

Year (Oct-Sep) 561.4 100

The snow covered part on Sutlej basin within India during a year (data used: 1986-1993) 
was on an average maximum at 65% (14498 km2) in March (range of maximum: 58-72%) 
and minimum at 20.3% (4528 km2) in Sept (range of minimum: 12-35%) as a proportion 
to the total area within India.

The study notes, “At present such attempts have been made for specific sites for only 
two basins (the Chenab and Ganga basins). The average snow and glacier contribution in 
the annual flows of the Chenab River at Akhnoor was estimated to be 50% and that for 
the Ganga at Devprayag was about 30%”.44

understanding melt water contribution for Himalayan Rivers Snow and glacial melt 
are important hydrologic process in the Himalayan basins and changes in temperature and 
precipitation are expected to seriously affect the melt characteristics. Melt water is extremely 

44 http://iahs.info/hsj/470/hysj_47_01_0093.pdf, accessed on Dec 19, 2011
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important in the Indus basin and important for the Brahmaputra basin, but plays a modest 
role for the Ganges. A huge difference also exists between basins in the extent to which 
climate change is predicted to affect water availability and food security. The Brahmaputra 
and Indus basins are most susceptible to reduction of flow.

Table 5. Characteristics of Three Major Rivers in India

Indus Ganges Brahmaputra

Total area (sq km) 1,005,786 990,316 525,797

Total population (thousand) 209,619 477,937 62,421

Annual basin precipitation (mm) 423 1,035 1,071

Upstream area (%) 40 14 68

Glaciated area (%) 2.2 1.0 3.1

Annual upstream precipitation (%) 36 11 40

Annual downstream precipitation (%) 64 89 60

Irrigated area (sq km) 144,900 156,300 5,989

Net irrigation water demand (mm) 908 716 480

A report by three researchers from 
Netherlands, published in Science (June 11, 
2010), says upstream snow and ice reserves 
of these basins, important in sustaining 
seasonal water availability, are likely to 
be affected by climate change. Walter W. 
Immerzeel (Future Water), Ludovicus P. 
H. van Beek (Department of Physical 
Geography, Utrecht University) and Marc 
F.P. Bierkens say that the relevance of 
snow and glacial melt for Asian river basin 
hydrology remains largely unknown. Same 
is true as to how climate change could affect the downstream water supply and food 
security.

The scientists examined the role of hydrological process in the upstream areas, which 
they defined as all areas higher than 2000 m above sea level, on the water supply of the 

five major Himalayan basins. These basins, which provide 
water to over 1.4 billion people, vary considerably in their 
characteristics. The Yangtze has the largest population of the 
five basins, whereas the Ganges is the most densely populated. 
The Indus and the Brahmaputra basins have extensive 
upstream areas (i.e. above 2000 m) and larger glaciated areas 
than the Yangtze and Yellow river basins. The Ganges, the 
Brahmaputra, and the Yangtze basins are wetter than the 
Yellow and Indus basins. The Indus, Ganges and Yangtze 

In total, the paper estimates 
that the food security of 4.5% 
of the total population will 
be threatened as a result of 
reduced water availability. The 
need for prioritizing adaptation 
options and increasing water 
productivity therefore becomes 
ever more eminent.
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basins support large scale irrigation systems with high net irrigation water demand, but in 
the Indus the difference between basin precipitation and net irrigation demand in highest. 
The scientists investigated three related components of these river basins (a) the current 
importance of melt water in overall river basin hydrology; (b) observed cryospheric changes; 
(c) the effects of climate change on the water supply.

Another study reports that during the summer months 
as much as 70% of the summer flow in the Ganges and 
50–60% of the flow in other major rivers is generated by 
melt water. However, references are only given to melt 
water studies in high mountain sub-catchments located in 
the upstream parts of the Indus and Ganges basin, such 
as the Sutlej and Chenab rivers. In these upstream sub-
catchments river flow is indeed predominantly governed 
by melt water, but these results should not be projected 
to the catchment as a whole. 

The great size of the basins that they analyze allow them to use melt parameters 
calculated for whole basins, rather than a different set of melt parameters for each different 
glacier, because each basin contains many glaciers of all types.

Results from the NMI (Normalized Melt Index) analysis indicate that for the present day 
climate, melt water plays an important 
role in the Indus and Brahmaputra 
river basins. This is most evident in 
Indus: Discharge generated by snow 
and glacial melt is 151% of the total 
discharge naturally generated in the 
downstream areas. In the Brahmaputra 
basin this amounts to 27%. The 
contribution of snow and glacier water 
to the Ganges (10%), Yangtze (8%), and 
Yellow (8%) rivers is limited owing to 
comparatively large downstream areas, 
limited upstream precipitation, smaller 

glacier areas, and/or wet monsoon-dominated downstream climates. In the Indus and Ganges 
basins, about 40% of the melt water originates from glaciers, whereas in the other basins 
the glacial melt contribution is much less. 

This study says that there is a general decrease in the ice volumes, although regional 
anomalies exist and, as regional quantification of the trend is lacking, the uncertainty about 
the	 trend	 is	 substantial.	 They	 identified	 a	 negative	 trend	 of	 −0.22	 +/-	 0.05	m/	 year	 only	
in	 the	Ganges	 basin.	A	positive	 trend	of	 0.19	+/-	 0.02	m/year	was	 observed	 in	 the	 Indus	
basin, while in the other basins no discernable trends were identified.

The research shows a substantial variation in changes in future water supply. The 
best-guess glacier scenario resulted in a modelled decrease mean upstream water-supply 
from upper Indus (-8.4%), the Ganges (-17.6%), Brahmaputra (-19.6%), and Yangtze 
rivers (-5.2%). Although these changes are considerable, they are less than the decrease 
in melt water production would suggest, because this reduction is partly compensated 

The best-guess glacier scenario 
resulted in a modelled decrease 
mean upstream water-supply from 
upper Indus (-8.4%), the Ganges 
(-17.6%) & Brahmaputra (-19.6%). 
These changes are considerable, 
but they are less than the decrease 
in melt water production would 
suggest, as the reduction is partly 
compensated for by increased 
mean upstream rainfall.
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for	 by	 increased	 mean	 upstream	 rainfall	 (Indus	 +25%,	
Ganges	+8%,	Brahmaputra	+25%,	Yangtze	+5%,	Yellow	
+14%).	Results	 should	 be	 treated	with	 caution,	 however,	
because most climate models have difficulty stimulating 
mean monsoon and inter annual precipitation variation. 
So the researchers say although considerable cryospheric 
changes are to be expected, their impact will be less than anticipated. Regardless of 
compensating effects of increased rainfall in the two basins with the largest NMI, the 
Indus and Brahmaputra, summer and late spring discharges are eventually expected to be 
reduced consistently and considerably around 2046 to 2065 after a period with increased 
flows due to accelerated glacial melt. The effects in the Indus and Brahmaputra basins 
are likely to be severe owing to be large population and the high dependence of irrigated 
agriculture and melt water.

These anticipated changes will also have considerable effects on food security. By relating 
changes in upstream water availability to net irrigation requirements, observed crop yields, 
caloric values of the crops, and required human energy consumption, one can estimate 
the change in the number of people that can be fed. The results (based on a best guess of 
2050 glacier area) show a sizable difference between the five basins. Estimates range from 
a	 decrease	 of	 −34.5	 +/-	 6.5	 million	 people	 that	 can	 be	 fed	 in	 the	 Brahmaputra	 basin	 to	
−26.3	+/-	3.0	m	in	the	Indus	basin,	−7.1	+/-	1.3	m	in	the	Yangtze	basin,	&	−2.4	+/-	0.2	m	
in	 the	Ganges	basin,	 and	 an	 increase	of	 3.0	+/-	 0.6	m	 in	 the	Yellow	River	basin.	 In	 total,	
it estimates that the food security of 4.5% of the total population will be threatened as a 
result of reduced water availability. The need for prioritizing adaptation options and further 
increasing water productivity is therefore ever more eminent.45

HImAlAyAN GlACIERS ARE RECEDING: uNDP In its 2007-08 developmental 
report the United Nations Development Report has highlighted the effect of climate change 
on different regions of the world covering all the aspects including water availability, rising 
sea level, flooding, biodiversity, human health, etc. The report has indicated that seven of 
Asia’s great river systems will experience an increase in flow over the short term, followed 
by decline due to reduction in the glacier melt. The report has said this about India: 

•	 The	 flow	of	 the	 Indus,	which	 receives	 nearly	 90%	of	 its	water	 from	upper	mountain	
catchments, could decline by as much as 70% by 2080. (This is likely to be for the 
flow in non monsoon months.) 

•	 The	Ganges	could	lose	two-thirds	of	its	September-July46 flow, causing water shortages 
for over 500 million people and one-third of India’s irrigated land area.

•	 Projections	 for	 the	Brahmaputra	point	 to	 reduced	 flows	of	between	14-20%	by	2050.

The UNDP report has suggested the prevention, mitigation and adaptation strategies 
and recommended, among other steps, putting climate change adaptation at the centre of the 
post-2012 Kyoto framework. That does not seem to happen as the news from the COP17 

It was found that the average 
contribution of snow and glacier 
runoff in the annual flow of the 
Sutlej River at Bhakra Dam is 
about 59%, 41% being from rain.

45 Dams, Rivers & People, Aug Sept 2010, page 16-17: http://www.sandrp.in/drp/DRP_Aug_Sept_2010.pdf
46 This is corrected text; original document gave this for July-Sept, but is likely to be a typo, since max 

contribution during July Sept is from monsoon.
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at Durban (Dec 2011) reveal. On the contrary, in the name of pushing low carbon water 
infrastructure, the vested interests lobby like the International Hydropower Association 
was seen to be using the COP17 to push their perpetual agenda of pushing for more large 
hydro projects.47

Geological Survey of India The studies carried out by the Geological Survey of India 
(GSI)48 also reveal that the glaciers are receding. The causative factors are stated to be 
subnormal snowfall, higher temperature during summer, less severe winter or a combination 
of all them. Even in Himalayan region, the rate of recession in different climatic zones is 
found to be variable in different years. This variable rate of recession can be attributed to 
several factors like micro as well as macroclimate, size of the glacier, nature of nourishment, 
etc. According to GSI, the observed retreat in the Indus basin glaciers is varying from 2.5 
m/year to 40 m/year. The average annual retreat of the majority of the glaciers is about 
0.30% of their total length.49 The glaciers in the Ganga basin are retreating at the rate of 
3.0 to 48.8 m/year. The largest glacier in the Ganga basin is the Gangotri glacier with the 
glacier area of 286 sq. km and it is receding at the rate of 18.8 m per year for the study 
period between 1935 and 1996.50

Studies of GSI, Space Application Centre and other organisations suggest that glaciers 
are receding at inconsistent rates viz., Dokriani (17.5 m/year), Milam 13.3 (m/year), Pindari 
23.5 (m/year), and Zemu (13.2 m/year)18.

ICImOD According to the report “The Melting Himalayas” by the International 
Centre for Integrated Mountain Development in Kathmandu, “Many Himalayan glaciers 
are retreating faster than the world average and are thinning by 0.3–1 m/year. The rate of 
retreat for the Gangotri glacier over the last three decades was more than three times the 
rate during the preceding 200 years. Most glaciers studied in Nepal are undergoing rapid 
deglaciation…in the last half-century, 82 percent of the glaciers in western China have 
retreated. On the Tibetan plateau the glacial area has decreased by 4.5% over the last 20 
years and by 7% over the last 40 years… One concludes that with a 2°C increase by 2050, 
35% of the present glaciers will disappear and runoff will increase, peaking between 2030 
and 2050… Flow for the most glaciated sub-catchments (glaciation greater than or equal 
to 50 percent) will attain peaks of 150 and 170% of initial flow around 2050 and 2070 in 
the west and the east respectively before declining until the respective glaciers disappear 
in 2086 and 2109.”51

ISRO Indian Space Research Organisation (ISRO) study52, commissioned by the Union 
Ministry of Environment and Forests reveals that 75% of Himalayan glaciers are on the 
retreat, with the average shrinkage being 3.75 km during the 15 years under study. Using 
the satellite images taken by Resourcesat-1 during 1989-2004, the ISRO study looked at 
2,190 glaciers. 

The study included the basins of the Indus, Ganga and Brahmaputra, as well as parts 

47 See,	 e.g.:	 http://www.waterpowermagazine.com/story.asp?sectioncode=130&storyCode=2061335,	 accessed	
on Dec 13 2011

48 http://moef.nic.in/downloads/public-information/MoEF%20Discussion%20Paper%20_him.pdf
49 MWR, June 2008, page 59
50 http://www.pib.nic.in/newsite/erelease.aspx, Dec 19, 2011, Ministry of Env and Forests, Govt of India
51 Dharmadhikary Shripad, Mountains of Concrete, International Rivers 2008, page 32
52 http://moef.nic.in/downloads/public-information/Snow-Glacier.pdf dated May 2010
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of China, Nepal, Bhutan and Pakistan. Some of the striking 
examples include the Suru basin (in Ladakh region of 
Kashmir), a tributary of the Indus River, where the loss 
in glacier cover has reached nearly 17%. Fourteen smaller 
glaciers in Suru Valley have already vanished. Discharge of 
river Lidder, which feeds into Jhelum has increased sharply. 
One of the reasons for this is the retreating Kalohoi glacier. 
The Kolahoi glacier could “completely disappear within 
the next ten years,” according to a team of Kashmir University scientists who visited the 
area in August 2008. The glacier has abnormally shrunk—from 13 sq kms to 11.5 sq kms 
in the past 40 years and is receding at 10 ft a year.53

According to Dr Shakeel Ramshoo, convener of the Climate Change Research working 
group of Kashmir University, the Kolahai glacier has been melting at the rate of about 80 sq 
m per year over the last three decades since 1976 and has shrunk from 13.87 sq km to 11.24 
sq km. Situated at an altitude of 3600 m, the Kolahai is the source of water for Lidder and 
Sindh, two major fresh water streams in the Jhelum basin. Dr Ramshoo says that the melting 
is due to the climate change, “The increase in the Kashmir temperature has been 1° C, which 
is much more than the 0.72°C rise in global temperature over the past century. The result 
is less snowfall and less formation of glaciers.” Evidence collected at Rathong glacier in W 
Sikkim indicates that climate change is causing the Himalayan glaciers to shrink.54

Some of the most significant data about glacier melt is from a satellite based study by 
the Space Application Centre, Ahmedabad are given in Table 6 and 7. 

Table 6

Basin No of Glaciers Area (sq km) Volume (cubic km)

1962 2001-04 Loss% 1962 2001-04 % loss

Chenab 359 1414 1110 21 157.6 105.03 33.3

Parbati 88 488 379 22 58.5 43 26.5

Baspa 19 173 140 19 19.1 14.7 23

Total 466 2077 1628 21 235.2 162.73 30.8

Table 7

Area (sq km) No in 1962 Glacier area in km2 Change (%)

1962 2004

<1 127 68 42 38

1-5 159 382 269 29

5-10 48 329 240 27

>10 25 635 559 12

Total 359 1414 1110 21

More than the length or area of 
the glaciers; it is the volume of 
the glaciers that is crucial from 
the point of view of downstream 
river flows. An analysis of how the 
volume of the glaciers is changing 
in the climate change context 
would be most important.

53 http://southasia.oneworld.net/todaysheadlines/climate-change-threatening-kashmirs-glaciers, June 11, 2011, 
http://www.indiawaterreview.in/Story/Specials/threefourths-of-himalayan-glaciers-retreating/254/3 May 17, 
2011

54 Dams, Rivers & People, Dec 2009-Jan 2010, page 6: http://www.sandrp.in/drp/DRP_Dec_2009-Jan_2010.
pdf
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The data for the Chenab, Parbati and Baspa basins, are given in the Table 6 and 7. It is 
interesting to note that while the glaciers in all the three basins have experienced area and 
volume reduction between 1962 and 2001-04, the % volume reduction in all cases is higher 
than % area reduction. Since volume reduction indicates reduction in volume of water held, 
this study shows that area reduction % under estimate the loss due to glacier melt.

The Table 7 from the same study regarding disintegrated analysis across various area 
sizes of glaciers in Chenab basin indicates that glaciers in all area sizes have experienced 
reduction in area. However, % reduction in area is the highest for the smallest area class 
and lowest for the highest area class. It is also clear from Table 7 that 80% of the glaciers 
are smaller than 5 sq km area and only 7% have area larger than 10 sq km.55

How debris affect Himalayan Glaciers More than 50% of the glaciers in the Karakoram 
region of the northwest Himalayas are stable or are advancing, the scientists have reported 
in Nature Geoscience journal. Dirk Scherler and Manfred Strecker from Potsdam University, 
Germany and Bodo Bookhagen from the University of California Santa Barbara used 
remote sensing images to track frontal changes and surface velocities of glaciers in the 
greater Himalaya between 2000 and 2008. They studied 286 glaciers between the Hindu 
Kush on the Afghan-Pakistan border to Bhutan.

The research paper argues that the variations are a result of differences in the debris 
cover enjoyed by different glaciers – a factor that has so far been neglected while studying 
the impact of climate change on glaciers. The scientists found that more than 65% of all 
Himalayan glaciers studied were retreating. However, the glaciers in the Tibetan plateau, 
where debris cover is largely absent, are retreating fastest. The glaciers in the western 
Himalayan Mountains experience the highest retreat rates of up to 8 m per year. Glaciers 
in the central Himalaya region are relatively better covered by debris & typically have 
stable fronts. 

Bookhagen explained the difference between debris and coverage by soot, and dust 
on glaciers. “The debris cover has the opposite effect of soot and dust on glaciers. Debris 
coverage thickness above 2 cm, ‘shields’ the glacier and prevents melting. This is the case 
for many Himalayan glaciers that are surrounded by towering mountains that almost 
continuously shed pebbles, debris, and rocks onto the glacier.” Thus the glaciers in the 
steep Himalayas are also affected by debris, in addition to temperature and precipitation 
and have less predictable and non-uniform response.56

Glacial Lakes a serious threat Climate change is leading to retreating and melting glaciers, 
which affect not only the hydrology, but pose a serious danger in terms of glacial lakes 
that may burst. United Nations Development Fund documentary highlighting the danger 
of climate change to 1.3 billion people living in downstream valley has stated that there are 
now 20,000 lakes in the Himalayan belt from Pakistan in the west to Burma in the east. 
Some of these lakes pose danger to habitations as there is a risk of overflowing.

In 2005, Pareechu Lake in China had burst causing flash flood in the downstream 
Sutlej basin in Himachal Pradesh in India. At least 32 events of glacial lake overflows have 
been recorded in the Himalayan region, many of them causing huge losses.57 The GLOF 

55 Dams, Rivers & People, Oct Nov 2009, page 14-16: http://www.sandrp.in/drp/DRP_Oct_Nov-2009.pdf
56 Dams, Rivers & People, Feb 2011 page 17-18: http://www.sandrp.in/drp/DRP_Feb_2011.PDF
57 http://www.hindustantimes.com/StoryPage/Print/723119.aspx July 11, 2011
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is considered as the number one threat of climate change to the tiny Himalayan country, 
Bhutan. The glacial floods in 1994 claimed about 20 human lives and destroyed villages 
and farmlands along the Punatsangchu basin when the Lugye Tsho Lake gave way. Now 
Bhutan’s biggest glacial lake, Thorthhormi is fast filling up and already, three Bhutanese 
youth have lost their lives while on their way to lower the water level at Thorthormi.58

Box 5

Artificial Glaciers to Survive Global Warming in Cold Deserts of Jammu & Kashmir

Snow water harvesting in this region has traditionally played a significant role in the sustenance of farming 
communities. As glaciers disappear in Ladakh, the rain shadow of the Himalayas; one man is helping farmers 
irrigate their fields by storing water in an innovative way. The village of Stakmo is reached by a dusty road that 
winds through the barren Ladakhi landscape. The slopes surrounding the village were cloaked with three glaciers 
30 years ago, but villagers say that over the past decade the glaciers have vanished, leaving nothing but bare rock. 
Without water, the villagers’ crops have failed. The snow line here has risen 150 m, and glaciers have retreated 
by upto 10 kms.

Retired local engineer Chewang Norphel, Ladakh’s “glacier man”, has been working on a method to create artificial 
glaciers. He approached the villagers at Stakmo and offered his help. Norphel began by constructing stone walls 
in the slopes above the village to divert the runoff from winter precipitation into an area that is shaded from 
the sun during winter and spring by the mountain. A series of embankments slowed the freezing water for long 
enough that it could build up into an artificial glacier. Initiatives of Chewang Norphelin making low cost articial 
glaciers during winters have enabled the villagers to get irrigation water during sowing season (April-May), thereby, 
improving crop growth.

Villagers helped Norphel to build retaining walls for a storage reservoir that would act as a second glacier, fed by 
excess runoff from the primary glacier higher up the slope. During winter, the glacier formed as planned, storing 
water that would otherwise have flowed away past the village of Stakmo. The added advantage is that the areas 
under artifcial glaciers turn into green pastures during summers18.

During the crucial sowing season, the artificial glacier began melting, releasing much-needed water to the villagers. 
Carefully constructed irrigation channels were built by Stakmo villagers under Norphel’s guidance. Previously barren 
fields in Stakmo were turned green by the stored water from the artificial glacier. Harvests increased threefold, 
and villagers began planting more than one crop per year.

“We have so much wheat yield now that we are even selling some,” says Tashi Angmo. “People who moved 
away are starting to return to the village because there is hope now.” Thanks to Norphel’s man-made glacier, the 
villagers now have enough grass to store for their animals. It means that they no longer have to let herds in search 
of grazing patches roam far into the mountains, where they are easy prey for snow leopards and wolves. 

Norphel is continually improving his design, adding more glaciers higher up and near different villages. “Water is 
the most important thing we have. Without water, we have no food; no life,” he says. Around 10,000 people now 
benefit from his 10 glaciers, but he knows that his technology provides just a temporary respite. “Even artificial 
glaciers won’t freeze if it gets too warm,” he warns59.

Villages in Pakistan’s paradisiacal Hunza Valley faced threats of flash floods and 
landslides from a glacial lake that grew dramatically in early 2010. Army engineers battled 
the threat of seismic shakes to save a 500 km stretch of northern Pakistan from being 
devastated by a potential flash flood. The threat started building since January 4, 2010 
when a massive landslide temporarily dammed a river in the mountainous area of Hunza, 

58 http://biodiversitymedia.ning.com/profiles/blogs/three-deaths-challenge-bhutans 
59 See “Dams, Rivers & People”, June July 2010: http://www.sandrp.in/drp/DRP_June_July_2010.pdf and also 

more recent report: http://news.nationalgeographic.com/news/clean_water_crisis.html
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widely believed to be the inspiration for the fictional kingdom of Shangri-La, creating a 
lake.60 In Feb 2012, the officials of Frontier Works Organisation carried out a blasting 
plan to expand and deepen the spillway of Attabad lake, hoping that that would make the 
lake more stable61.

uS report says Climate change can stir conflict Congressional Research Service in 
its 2010 Report62 on ‘Security and the Environment in Pakistan’ stated that climate change 
could act as a ‘threat multiplier’ and has potential to stoke conflict between Pakistan and 
India. The report said under climate change predictions, the eventual loss of glacier storage 
may significantly alter water available in the Indus River for use in Pakistan. 

A 2010 Dutch study found that projected temperature, rainfall and snow would lead 
to 8.4% decrease in upstream water flow into the Indus by 2050. It pointed out, “Pakistan 
has one of the highest deforestation rates & currently has approximately 4% of its original 
forested area intact. Loss of forests has led to soil erosion and altered ecosystems in the 
region.”63

High Noon project The principal aim of the EU FP7 High Noon (which is a compound 
word derived from high (Himalayas) and from noon of Monsoon) project is to assess the 
impact of Himalayan glaciers retreat. It is to assess possible changes of the Indian summer 
monsoon on the spatial and temporal distribution of water resources in Northern India 
and to provide recommendations for appropriate response strategies that strengthen the 
cause for adaptation to hydrological events. The study project is for the period May 2009 
to 2012.64

Implications Himalayan glaciers are already melting, the extent is different. We still do 
not have clear picture of the extent of loss in different areas, but the research provides some 
indicators of how the different basins are going to be affected. However, there are still a 
lot of variables and unknowns and even available information is not all in public domain. 
Our knowledge base is poor. We still do not know the full extent of volumes of snow in 
different forms in the Himalayas in different regions and how each of these are changing 
and what impact we may have in future. It is estimated that glaciers may disappear by the 
end of the current century in most places, but rainfall would have increased by then. The 
summer flows would thus reduce significantly nearer to the glacier and snow bound zones, 
but monsoon flows may increase, depending on how we treat the Himalayan catchments. 
It is true that this would mean some reduction of storage space that nature has provided 
in these areas, but the extent is a big unknown. 

The answer is not in building big storage dams to compensate these losses. That would 
be like cutting the nose to spite the face. Building such projects would actually increase the 
problems as such projects destroy the forests, rivers, biodiversity and also emit methane 
in tropical and sub tropical climates. Destruction of all these resources would reduce the 
adaptation capacity of the communities near the glaciers and society in general. 

60 Dams, Rivers & People, Feb March 2010, page 22: http://www.sandrp.in/drp/DRP_Feb_March-2010.pdf
61 Dawn, Feb 28, 2012, Spillway of Attabad lake widened
62 http://www.fas.org/sgp/crs/row/R41358.pdf, accessed on December 22, 2012
63 Dams, Rivers & People, Feb 2011 page 30: http://www.sandrp.in/drp/DRP_Feb_2011.PDF
64 http://www.eu-highnoon.org/
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Better option would be to learn lessons from what Chewang Norphel and others are 
doing in Ladakh (see Box 5 above): Create small localized storages that will serve the local 
communities and that can also be maintained by them. Potential of such options needs to 
be assessed and realised across the region. And protect forests, rivers and biodiversity on 
priority. Most importantly, take urgent steps to slow and stop the global warming trend 
though credible mitigation measures. Exercising right to pollute as the developing country 
governments are doing would be more like what Gandhi said: An eye for eye would make 
everyone blind. In stead, pressure needs to be brought on the developed countries to bring 
down their emissions by amounts necessary to stop global temperature to go beyond 1.5 
degrees C. And in the meantime, we are killing the goose by building large number of 
hydro projects in these same vulnerable areas, destroying the forests, rivers, biodiversity, 
and in general destroying coping capacities. We should stop doing that. 
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Groundwater constitutes about 95 per 
cent of the freshwater on our planet 

(discounting that locked in the polar ice caps), 
making it fundamental to human life and 
economic development. India is the world’s 
largest groundwater user. There are over 30 
million groundwater users in India, making any 
thought of much required regulation so much 
more difficult.66

Over three fourths of foodgrains production 
coming from the irrigated lands is contributed 
by lands irrigated by groundwater. Over 
85% of rural and over 55% of urban and 
industrial water supply comes 
from groundwater sources. 
With every passing day, our 
dependence on ground water is 
increasing and is likely to remain 
dominant, whether we like it or 
not. It is clear that India’s real 
water lifeline is groundwater.

The Graph below shows 
how the share of groundwater 
irrigated areas in total net 
irrigated area in India is 
increasing over the last two 
decades (all figures from GoI). 

GROUND WATER: 
India’s Threatened Water Lifeline

4

“It is obvious that the projected climate change 
resulting in warming, sea level rise and melting 
of glaciers will adversely affect the water balance 
in different parts of India and quality of ground 
water along the coastal plains. Climate change 
is likely to affect ground water due to changes 
in precipitation and evapo-transpiration. Rising 
sea levels may lead to increased saline intrusion 
into coastal and island aquifers, while increased 
frequency and severity of floods may affect 
groundwater quality in alluvial aquifers. Increased 
rainfall intensity may lead to higher runoff and 
possibly reduced recharge.”

India’s Initial National Communication to the 
UNFCCC, Ministry of Environment & Forests, GOI65

65 National Water Mission, Ministry of Water Resources, GOI, June 2009, Vol. 1, p 1
66 For a detailed overview of ground water situation, see http://www.sandrp.in/groundwater/crisugrdwtr.pdf
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Groundwater is clearly the preferred source for farmers. Aquifers respond to droughts 
and climate fluctuations much more slowly than surface storages; as a result, compared to 
surface storages, aquifers act as a more resilient buffer during dry spells, especially when 
they have large storage. This is one of the reasons why India has experienced explosive 
growth in groundwater demand during recent decades; and this is also one of the reasons 
why groundwater demand will further expand with changing climate (Shah 2009).

However, India’s groundwater lifeline is in precarious situation. To illustrate, at the 
national level, the Mid-Term Appraisal of the 11th Plan67 notes that nearly 60% of all districts 
in India have problems related to either the quantitative availability or quality of groundwater 
or both. A recent assessment by NASA showed that during 2002 to 2008, India lost about 
109 km3 of water leading to a decline in water table to the extent of 0.33 m per annum.

In Rajasthan, 203 of the total of 236 blocks were safe (where the groundwater use is 
below 70% of the natural recharge) in 1984. In 2007, only 32 blocks remained safe. In 
fact the number of overexploited blocks (groundwater use above 100% of potential) in 
the period went up from 12 to 140, number of critical blocks (where the groundwater use 
is above 90% level) went up from 11 to 50 and number of semi critical blocks went up 
from 10 to 1468.

“India has over leveraged its groundwater for many years to help sustain economic 
growth. The hydro debt is now so large in many areas that this bubble is coming dangerously 
close to bursting” says Dominic Waughray, senior director at the World Economic Forum 
in charge of Environmental Initiatives69.

Besides over exploitation, a major cause for the plunging groundwater levels is the 
destruction of the systems that were leading to groundwater recharge, including the rivers, 
the tanks, the wetlands, the forests, the flood plains and so on. Climate change would put 
this lifeline under greater threat.

The problem of pollution of the groundwater, though not sufficiently assessed, is 
increasing in proportion, if anecdotal evidence is any guide. As the report of the Comptroller 
and Auditor General of India on Water Pollution in India for the year ending in March 
201170 concluded: “Neither MoEF nor the States have introduced any programmes to 
prevent pollution of ground water.”

In recent decisions, superior courts in India have affirmed the common property 
nature of groundwater and have recognized the need to govern this resource under the 
concept of ‘public trust’. However, existing groundwater law principles and legislation fail 
to incorporate the this and many legal principles that have emerged. Most importantly, 
regulation and improvement of groundwater is inevitable to ensure safe and adequate 
drinking water for everyone and thereby for the realisation of the right to water. Given 
the highly decentralised way in which groundwater is being used, the regulatory and 
institutional framework need to apply the principle of decentralisation and participation 
effectively by replacing the existing centralised licensing mechanism.71

67 http://planningcommission.gov.in/plans/mta/11th_mta/MTA.html
68 The Times of India, November 25, 2008, In parched Rajasthan, water not a poll issue
69 The Economic Times, November 18, 2008
70 http://saiindia.gov.in/english/home/Our_Products/Audit_Report/Government_Wise/union_audit/recent_

reports/union_performance/2011_2012/Civil_%20Performance_Audits/Reort_21/Report_21.html 
71 http://planningcommission.nic.in/aboutus/committee/wrkgrp12/wr/mb_wtrgrndsor_181011.pdf
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Dams stop groundwater recharge? Large dams almost invariably stop the flow of 
water in areas downstream from the dam site. Rivers are a very important recharge zones 
for groundwater. When rivers stop flowing in certain region, this recharge function stops, 
leading to serious situation for groundwater in such regions. This problem is even more 
serious when the dams stop the river flow in plains. This impact is also visible in run of 
the river projects as in such projects, the water comes back to the river several kilometers 
downstream from the diversion site.

What is immediately required is to mandate that each existing dam must allow enough 
water downstream from the diversion point to ensure that groundwater recharge function 
of the rivers is not affected. This serious impact of projects should also be part of impact 
analysis, mitigation plans and cost benefit calculations of these projects and also integral to 
the decision making process. In any case, focusing on groundwater in water management 
today would mean a fundamental review of all ongoing big dams, while new large dams 
are considered only as a last resort, if at all.

Groundwater and Climate Change According to International Association of Hydro-
geologists (IAH) Working Group on Groundwater and Climate Change that was approved 
by the IAH Council, there are many potential direct and indirect interactions between 
climate change and groundwater.

Examples of direct effects: 
•	 Changes	 in	precipitation	 and	 evapotranspiration	will	 influence	 recharge.	

•	 Rising	 sea	 levels	may	 lead	 to	 increased	 saline	 intrusion	of	 coastal	 and	 island	 aquifers.

•	 Increased	 rainfall	 intensity	may	 lead	 to	more	 runoff	 and	 less	 recharge.

 Examples of indirect effects: 
•	 Changes	 in	natural	 vegetation	 and	 crops	will	 influence	 recharge

•	 Increased	 flood	 events	may	affect	 groundwater	quality	 in	 alluvial	 aquifers

•	 Changes	 in	 soil	organic	 carbon	may	affect	 the	 infiltration	properties	 above	 aquifers.

The groundwater recharge depends on both quantum of precipitation and on pattern 
of precipitation. Groundwater recharge through natural infiltration occurs only beyond 
a threshold level of precipitation. Evidence suggests not only that runoff increases with 
precipitation but the run-off coefficient (i.e. run-off/precipitation) itself increases with 
increased rainfall intensity (or precipitation per rainfall event). Higher variability in 
precipitation may thus negatively impact natural recharge in general. What will be the net 
impact on a given location will depend upon the change in both the total precipitation and 
the variability of that precipitation (Shah 2009).

Similarly, once the melt water from glaciers and snow decreases in the later half of 
this century, one would expect a decline in run-off as well as groundwater recharge in the 
basins like the Ganges, Indus and Brahmaputra that benefit from snow melt currently.

Climate change induced sea level rise will threaten coastal aquifers. The precarious 
balance between freshwater aquifers and sea water in coastal areas will come under growing 
stress as sea levels rise. Many of India’s coastal aquifers are already experiencing salinity 
ingress. This problem is particularly acute in coastal areas of Gujarat, Tamil Nadu and W 
Bengal.
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According to a recent report72, the sea levels in some areas in the Bay of Bengal are 
rising at a rate of 3.14 mm a year against the average rise of 1-2 mm per year. The rising 
sea levels are causing salt water to flow into the Ganga River, threatening its ecosystem and 
turning vast farmlands barren in the country’s east. A study revealed surprising growth of 
mangroves along the Ganga River. Pranabes Sanyal and the department of Oceanography 
at the Kolkata-based Jadavpur University spotted the mangrove plants, a rare phenomenon 
along the Ganges river belt, where east India’s biggest city of Kolkata with 12 million 
people lies. “This phenomenon is called extension of salt wedge and it will salinate the 
groundwater of Kolkata… and we have already spotted more saline water fish in the river,” 
said Sanyal. Such impacts are likely to increase all along the Indian coast.

The higher CO2 concentrations in atmosphere could also have impact on aquifers and 
groundwater recharge, but it still unclear how this factor will play out.

Recently73, scientists have said that climate change may bring unsustainable demands 
on the world’s groundwater supply for agriculture, industry and drinking water. As 
precipitation becomes less frequent due to climate change, lake and reservoir levels will 
drop and people will increasingly turn to groundwater for the water needs. This will pose 
serious issues as groundwater recharges at a much slower rate. “It is clear that groundwater 
will play a critical role in society’s adaption to climate change,” said San Francisco State 
University geo-science Professor Jason Gurdak, who co-led a U.N.-sponsored group of 
scientists which is urging policymakers to increase regulations and conservation measures 
on nonrenewable groundwater.

Quality problems The govt of India informed the Supreme Court in an affidavit in 
Nov 200874 that 0.217 million villages were facing serious problems of contamination of 
their drinking water sources. Fluoride affected 31306 villages, salinity affected 23495 villages, 
iron contamination affected 118088 villages, arsenic affected 5029 villages, nitrate affected 
13958 villages and multiple factors affected 25092 villages. These problems are likely to 
increase with the climate change impacts as groundwater recharge decreases, groundwater 
use increases.

Adaptation and mitigation can work together Withdrawal of groundwater, for 
instance, is very energy-intensive. Pumps are often inefficient and waste power. The high, 
and often subsidised, energy use in groundwater irrigation causes greenhouse gas emissions. 
In India, such emissions account for at least 6% of the country’s overall greenhouse gas 
emissions. The use of drip irrigation and efficient pump sets means that less water is 
needed for irrigation and electricity consumption is lower, which in turn reduces emissions. 
To minimise the effects of climate change, the adaption and mitigation measures can be 
implemented alongside each other.75

In this context, well known groundwater expert Tushar Shah has noted, “Groundwater 
pumping with electricity and diesel also accounts for an estimated 16–25 million tonnes 

72 http://planetark.org/wen/51435 Rising Sea Salinates India’s Ganges: Expert, accessed on Feb 3, 2009
73 www.upi.com/Science_News/2012/03/06/Researchers-Climate-change-will-stress-water-supplies/UPI-

73681331067383/
74 The Times of India, Nov 19, 2008
 75 Adaptation to Climate Change with a Focus on Rural Areas and India, a joint report by GIZ, Federal 

Republic of Germany and Ministry of Environment and Forests, Govt of India, December 2011, see: http://
www2.gtz.de/dokumente/bib-2011/giz2011-0479en-climate-change-rural-india.pdf
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of carbon emissions, 4–6% of India’s total. From a climate change point of view, India’s 
groundwater hotspots are western and peninsular India. These are critical for climate change 
mitigation as well as adaptation. To achieve both, India needs to make a transition from 
surface storage to ‘managed aquifer storage’ as the centre pin of its water strategy with 
proactive demand and supply-side management components. In doing this, India needs to 
learn intelligently from the experience of countries like Australia and the United States 
that have long experience in managed aquifer recharge.”76

Around 2000, Indian farmers lifted some 150 km3 of groundwater using electric 
pumpsets and around 80 km3, using diesel pumpsets. If we assume that a representative 
electric pump lifts water to a dynamic head of 40 m, then lifting 150 km3 of groundwater 
requires 55 billion kWh of electricity. Some 80 km3 of groundwater lifted by diesel pumpsets 
uses around 4–4.5 billion litters of diesel. It is estimated that the Carbon emission from 
groundwater irrigation is around 16 million tonnes, roughly 4% of India’s total Carbon 
emissions.

India’s Central Groundwater Board estimates that some 10% of India’s annual 
precipitation of 4000 km3 ends up as natural recharge without any significant effort on 
anybody’s part. If India directs its water resources plans and programmes towards promoting 
large-scale groundwater recharge in her groundwater hotspot areas of western and peninsular 
India, the country can not only greatly reduce its GHG emissions from pumping but also 
restore the resilience of its aquifers to protect agriculture from heightened hydro-climatic 
variability (Shah 2009).

Agenda The 12th Five Year Plan (2012-2017) working group on Sustainable Groundwater 
Management77 has recommended aquifer mapping, improved monitoring, state level 
groundwater management institutions and Participatory groundwater management as major 
strategies for the coming years. The National Water Mission talks about identifying over 
exploited areas and using groundwater aquifer as storage option. All these are required 
but won’t be sufficient. 

India’s only answer to the need for groundwater regulation is the Central Ground 
Water Authority (CGWA), created in 1996-97 under the Supreme Court orders. That 
experience, however, has been a failure. The CGWA has shown no will, willingness or 
intention of really doing anything to regulate groundwater use in over exploited areas. On 
the contrary, the authority has been giving hundreds of licenses to water bottling plants 
and such other non essential water intensive activities in drought prone and over exploited 
areas. The institute has no mechanisms for transparency, accountability or participation for 
the communities affected. In any case, top down institute like CGWA is by its very nature 
unsuited for groundwater regulation. 

The draft groundwater legislation78 that has been put together as part of the preparations 
for the 12th Five Year Plan is indeed on right lines and need to be urgently enacted. It 
also has provisions for identifying and protecting the groundwater recharge zones and 
decentralised regulatory mechanism. There is also urgent need to take measures for demand 

76 Shah Tushar, Climate change and groundwater: India’s opportunities for mitigation and adaptation Environ. 
Res. Lett. 4 (2009)

77 http://planningcommission.nic.in/aboutus/committee/wrkgrp12/wr/wg_susgm.pdf
78 http://planningcommission.nic.in/aboutus/committee/wrkgrp12/wr/mb_wtrgrnd_171011.pdf
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side management of groundwater. In this providing incentives for appropriate cropping 
pattern, cropping methods (System of crop intensification, organic farming) and increasing 
organic content in soil are crucial steps since irrigation is the biggest groundwater user 
and the demand for irrigation water in climate change context would only go up, not 
only because of increasing temperature and increasing ET losses, but also because of the 
irregularity of rainfall pattern. Similarly, it is urgently required that the National Water 
Policy, Programmes, Plans and Practices recognise the groundwater as India’s water lifeline 
and make the sustenance of that water lifeline focus of all actions. This is going to be even 
more important in the climate change context, both for adaptation and also to some extent 
help in mitigation. The importance of these steps cannot be over emphasised. 

Summing up Groundwater is India’s current water lifeline and is likely to remain 
for many coming years. In the context of climate change, groundwater demand, use and 
recharge will all be affected, leading to further depletion of groundwater levels. This 
will affect water, food and energy security. Urgent action is required to protect existing 
groundwater recharge systems, to create more groundwater recharge systems (which can 
basically be achieved by harvesting rainwater where it falls in the first place), to reduce 
groundwater use by adopting appropriate cropping patterns, cropping methods, use pattern 
(through proper policies that allow only appropriate water use activities, depending on 
water availability) and most importantly, bottom up regulatory system. Groundwater 
conservation is particularly critical in climate change context as groundwater can be helpful 
in adapting to climate change.
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Rivers, floodplains, wetlands and 
water bodies can help the vulnerable 

communities and environment to cope 
with the climate change in many different 
ways. Various scientific research efforts 
have established that beyond doubt. Hence 
protection of these bodies is crucial as an 
option in changing climate. However, there 
is little effective action in this regard in 
water sector in India. Rivers get dammed 
and polluted and there is no attempt to even 
acknowledge the services that the rivers 
provide while damming and destroying 
them. Floodplains, particularly in urban 
areas are getting systematically encroached 

on by official machinery. Same is the case of 
wetlands and water bodies. This would multiply 
the impact of climate change for the vulnerable 
communities.

uNEP report for ecosystem based 
approach The UNEP report An Economics of 
Ecosystems & Biodiversity says, “Currently the 
World’s ecosystems, instead of maintaining and 
enhancing nature’s carbon capture and storage 
capacity, are being depleted at an alarming 
rate… Investing $ 45 billion in protected 
areas could secure vital nature based services 
worth some $ 5 trillion a year, including the 

Rivers, Floodplains, Wetlands, 
Water Bodies
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It is clear that enormous opportunities exist to increase 
food production in ways that make optimal and 
sustainable use of water and other resources. This 
means that we can feed a global population without 
massive and irreversible damage to our ecosystems. 
It also means that ensuring food security, managing 
water resources and protecting ecosystems must be 
considered as a single policy rather than as separate, 
and sometimes competing, choices… In particular, many 
ecosystems (such as forests, wetlands and floodplains) 
provide water management functions that are crucial 
for a stable food supply. These include water storage, 
purification and regulation functions as well as flood 
control. Ecosystems also need water for functioning. 
Recognizing ecosystems as a water user, like industries 
and cities, is a first step in ensuring the continuation 
of key services provided by ecosystems.79

“Current practices in river basin management 
should move aggressively toward restoring or 
preserving those natural features that contribute 
to river ecosystems resilience. Most of these also 
benefit humans. For example, riparian wetlands 
and floodplains help store water so they reduce 
flooding and also help recharge the groundwater, 
which means more water will be available in the 
river (and for people) during dry periods. To 
accomplish this, river management will have to 
include moving people and infrastructure out 
of floodplains, removing levees, and allowing 
vegetation to grow back” says Dr. Margaret 
Palmer, Expert on Climate change and impacts 
on rivers.

79 http://www.iwmi.cgiar.org/topics/ecosystems/PDF/Synthesis_Report-An_Ecosystem_Services_Approach_
to_Water_and_Food_Security_2011_UNEP-IWMI.pdf
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sequestration of carbon, the protection and enhancement of water resources and protection 
against flooding.” There are also employment incentives in this approach. Without reading 
it in support of the controversial REDD (Reduced Emissions from Deforestation and 
Degradation, the controversial UNFCCC proposal) under climate change, there is a lot 
of value in these words.80

Environmental flows for Adaptation In Nov 2010, ahead of the climate change 
negotiations in Cancún the seminar “Environmental flows as a tool for adaptation” was 
held by the Swedish Water House. The seminar and the report highlight the importance 
of e-flows not only for communities and ecosystems, but for fighting impacts of climate 
change as well. Environmental flows is the most important factor for maintaining the aquatic 
ecosystem & only healthy ecosystems have the resilience to adapt to the challenges posed 
by climate change. In the words of experts, “It would be ridiculous not to include e-Flows 
(in climate change policy) as there is a lot of adaptation in them. People are very focused 
on the water quality in different areas, but if you are not focusing on the quality of the 
whole ecosystem you will lose it. And that is what e-Flow is about.”81 

free flowing rivers and climate change It is well established that free flowing 
river support greater biodiversity than their dammed and regulated counterparts. More 
biodiversity, in turn means improved ecological goods and services to communities as 
well as improved resilience to climate change. Major infrastructure interventions of river 
like dams, barrages and embankments change the dynamic and flexible systems into rigid 
systems, increasing their vulnerability to climate change.

According to climate change expert Dr. Margaret Palmer, Free-flowing streams (and 
rivers) have tremendous capacity to adjust to changes in discharge and sediment inputs (both 
of which are expected to change in many areas under future climate scenarios). But they 
need room to do this. When you try to lock it in place or cut off its supply of sediment 
(due to dams), the ability of the stream to adjust and reach a new equilibrium is lost. We 
need to “free” rivers so they can have some degree of buffering capacity which riparian 
corridors and wetlands (and floodplains) provide.

According to Christer Nilsson, Umea University, Sweden, though both free flowing and 
dammed river will be impacted by climate change, the area impacted for regulated river will 
be much larger. In comparison, free flowing rivers are better suited to buffer changes.82 

Wetlands The wetlands are important in the changing climate in many contexts, 
including in the context of protecting biodiversity, groundwater recharge, water security, 
food security, flood cushion and also for coastal area protection. Most wetlands—such as 
lakes, rivers, marshlands, mangroves, estuaries and lagoons—host a wealth of biodiversity and 
support multiple ecosystem services. According to the Millennium Ecosystem Assessment, 
they account for about 45% of the total value of all global terrestrial ecosystem services. 
Indian Ministry of Environment and Forests came out with Wetlands Protection Rules 
for the first time in Dec 2010, but those rules are far from adequate for protection of 
wetlands. Research by SANDRP has shown how some of the prominent wetlands of India 

80 The	Natural	 Fix?	 The	Role	 of	 Ecosystems	 in	Climate	Mitigation:	A	UNEP	Rapid	Response	Assessment,	
June 2009: http://www.grida.no/_res/site/file/publications/natural-fix/BioseqRRA_scr.pdf

81 April May 2011 issue of “Dams, Rivers & People”, page 23: www.sandrp.in/drp/April%20May%202011.
pdf

82 Christer Nilsson et al, 3rd International Symposium on Riverine Landscapes: Climate Change
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are in peril in spite of some of them being declared as Ramsar sites.83 For coastal areas, 
the importance of wetlands is emphasised in the context of Sea Level Rise due to climate 
change also in the context of possibility of increasing storms.84 For Coastal areas, research 
has shown that mangroves also protect and reduce the casualties in the events of cyclones 
and storms.85

Wetlands perform two important functions in relation to climate change. They have 
mitigation effects through their ability to sink carbon, and adaptation effects through 
their ability to store and regulate water. In face of increasing or decreasing river flows 
and increase in extreme weather events, the ability of wetlands to act as natural storage 
reservoirs is of paramount importance.

Wetlands in the Jhelum basin and Climate change Jhelum basin in Jammu and Kashmir 
is dotted with high altitude, forested wetlands, some of which like Dal Lake and Wular Lake 
are major tourist attractions. High altitude glacial wetlands store huge quantities of water 
and release it slowly during lean months, arresting floods in the downstream Kashmir valley. 
They not only ameliorate effects of climate change but are major providers of vegetable, fish 
and water. However, encroachment, siltation, pollution and land use conversion through 
willow plantation have greatly reduced the size of these wetlands, also reducing fisheries 
by 60% in last 5 decades. With receding glaciers and increasing river flows, wetlands are 
central for regulating, storing and releasing flows. Wetlands International is working with 
the state government in restoring Jhelum Wetlands as an adaptation as well as mitigation 
measure against climate change.

manipur’s Wetlands Urbanization and encroachments, conversion of the low lying areas 
into farms, disposal of garbage, leaching of chemical fertilizers, and toxic chemicals besides 
aging and the climate change are the major causes of degrading, polluting and ultimately 
dying of the wetlands in Manipur. Lakes are known as ‘pats’ in Manipur.

Wetlands cover nearly 2.37 per cent of Manipur’s total geographical area (22,327 sq 
km). A study on ‘Shrinking water area in the wetlands of the central valley of Manipur’ 
said. There are about 155 wetlands of which 153 are located in the central valley while 2 
in the hill districts. Loktak, the largest fresh water lake in north eastern India (including 4 
tiny wetlands-sanapat, laphupat, thaunamchapat, utrapat and keibul lamjao floating park) 
covers an area of 24,672 hectares during monsoon.

These lakes play a vital role in the socio-economic and cultural life of the people. But the 
existing surviving lakes are also on the verge of extinction at fast rate as they are threatened 
by climate change besides other natural and anthropogenic forces. A strange hurricane 
like strong wind has started to reach Manipur in between April-May period for the last 
three consecutive years since 2008, uprooting many standing crops in hundreds of hectare 
besides destroying houses. Ecology Professor B Manihar Sharma of Manipur University’s 
Life Science department said “Coming of such wind in the region is one clear example of 
climate change impact”. Such strong wind and subsequent rise of temperature has been 
affecting the ecology of the wetlands. “Besides the impact of strong wind, the warming 

83 http://www.sandrp.in/rivers/Indias_wetlands_in_peril_Feb_2011.pdf 
84 Byravan Sujatha et al Sea Level Rise: Impact on major infrastructure, ecosystems and land along the Tamil 

Nadu Coast in Dubash (2012)
85 http://www.pnas.org/content/106/18/7357.full, accessed on Dec 26, 2011
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up of lake water due to sudden rise in temperature also affected habitat of sensitive plants 
and soft scale local fishes such as Porom, Meitei Ngamu and tiny fish species Ngakha and 
Ngasang,” Professor Manihar added.

Waithou Lake located at the adjoining areas of Imphal East, West and Thoubal district, 
was once known to be the breeding place for the threatened fish species Ngaton (Labio bata) 
but after the construction of the Cheksabi barrage and ringbund during 1970s, the habitat 
of the fish has completely vanished from the lake. State fish Pengba (Osteobrama belangeri) 
is also extinct in wild. Likewise around 15 out of more than 200 fish species in Manipur 
were “critically endangered” while 50 to 60 are highly vulnerable due to overexploitation, 
pollution, flow modification, destruction or degradation of habitat, invasion by exotic fishes 
and climate change, Prof Waikhom Vishwanath of the same Dept observed.

“Earlier many local fishes and plants were available in Waithou lake. But many non-
local fishes (common or grass or silver carps) has replaced them”, Laishram Sanakhomba 
of Saijin Pallak, a village located on the bank of the lake said. No scientific study has been 
done to confirm the exact number of highly endangered plants or fishes at risk in Manipur’s 
wetlands due to factors relating to climate change and human pressure.

Oinam Yaima a resident of Chandrapur village near Moirang Township in Bishnupur 
district who lives in a floating hut in Loktak for the last one decade also has a similar 
story. “The cyclone type wind which hit the lake early this year (April-May) had affected 
our environment besides destroying many floating huts”, Yaima recalled. More than 10,000 
individuals live on floating huts for their livelihood. The Loktak lake ecology has been 
adversely affected in major way in recent decades due to Ithai hydropower project built 
over the lake by NHPC Ltd. 

Meanwhile, state’s Environment and Ecology Wing under forest department has 
decided to take up proper conservation and management of 19 lakes in Nov 2010. They are 
Pumlen/ Khoidum/ Lamjao, Ekop (Kharung), Loushi, Waithou (Punnem), Ahongbeekhong, 
Ushoipokpi, Sanapat, Utra, Tankha, Karam, Lamphel, Yaral pat, Zeilad, Heingang, Jaimeng, 
Khayang Kachophung pat, Lampelchoi and Loktak pats (lakes). The total water area covered 
by these pats is 397.82 sq km. However the government’s move is yet to convince the 
state’s environmentalists as the state govt has poor track record on this issue.86

Climate change threat to biodiversity in North East A study has warned that 
change in temperature and quantum & intensity of rainfall coupled with extreme weather 
condition would have a long-term impact, particularly on the structure and composition of 
forests in the North east India. The impact is likely to be more severe in areas where other 
pressures are high, including stability of the natural systems affected due to hydropower 
projects, dams, mining and such projects, etc. The study estimates that about 30% of the 
total forest cover in the region is under pressure due to various factors. Besides pressures 
from natural hazards such as floods, forest fires and landslides, the study pointed out that 
seismic activity further exposed the region to the threats. Lack of effective early warning 
& disaster management systems further intensify the impact of natural hazards. This in 
turn can have cascading effect on the climate in the area.87

86 http://kanglaonline.com/2010/12/climate-change-and-manipurs-wetland/, accessed on Dec 18, 2011
87 http://governancenow.com/news/regular-story/climate-change-have-large-scale-effect-ne-biodiversity June 

10, ‘11



Water Sector Options for India in a Changing Climate42

‘Back to nature’ cuts flood risks: uS Study Reconnecting flood-plains to rivers will 
help reduce the risk of future flooding, suggest US scientists. A study by US researchers 
said allowing these areas to be submerged during storms would reduce the risk of flood 
damage in nearby urban areas. Writing in Science, they said the risks of flooding were 
likely to increase in the future as a result of climate change & shifts in land use. 

“We are advocating very large-scale shifts in land use,” said co-author Jeffrey Opperman, 
a member of The Nature Conservancy’s Global Freshwater Team. They said that man-
made flood management systems, such as levees, also had an ecological impact. “Control 
infrastructure prevents high flows from entering flood-plains, thus diminishing both 
natural flood storage capacity and the processes that sustain healthy riverside forests and 
wetlands,” they observed. “As a result, flood-plains are among the planet’s most threatened 
ecosystems.”

The reconnection programmes would deliver three benefits, they added: Reduce the 
risk of flooding, Increase in flood-plain goods and services and provide greater resilience 
to potential climate change impacts. Carbon sequestration and nutrient sequestration are 
services that flood-plains do provide.

The researchers cited the Yolo By-pass, in California, US, in their paper as a successful 
demonstration of the idea they were advocating. The scheme absorbed 80% of floodwater 
during heavy storms, they said, protecting the nearby city of Sacramento. “During a March 
1986 flood, the by-pass conveyed [about] 12.5 bn cubic metres of water, more than three 
times the total flood-control storage volume in all Sacramento basin reservoirs.” Without 
the by-pass flood-plain, California would need to build massive additional flood-control 
infrastructure,” they observed.

The Yolo by-pass was created back in the 1930s, when a 24,000 hectare flood-plain 
was reconnected to the Sacramento River. The scheme was introduced when it became 
apparent that a “levees only” approach would not offer the required flood protection. “It’s 
connected in an engineered way, which means that when the river reaches a certain volume 
it flows over a weir and enters the flood-plain,” Dr Opperman explained. He added that 
the scheme also had numerous additional ecological benefits: “In recent decades, people 
began to notice that this area was a phenomenal habitat for birds.” In the past 10 years, 
people recognised that native fish were moving from the river on to the flood-plain, and 
deriving all of the benefits that fish get from natural flood-plains. “It was an excellent place 
for fish to spawn, and for juvenile fish to be reared.”88

Summing up It is clear from this chapter that living Rivers, protected floodplains, 
wetlands and water bodies can help the vulnerable communities and environment to cope 
with the climate change in many different ways. The services these resources provide are huge, 
though not recognised by the decision makers or properly accounted for. The Groundwater 
recharge that they facilitate is particularly important in India where groundwater is country’s 
water lifeline. They are huge assets in the climate change context and all efforts needs to be 
made to protect them. Environment flows are relevant and need urgent attention even from 
existing dams in this context. We are doing very little today, and if we do not make sincere 
and urgent efforts in this direction, our capacity and particularly that of the vulnerable 
sections of the society to adopt to the climate change would significantly reduce.

88 Dams, Rivers & People, Dec 2009-Jan 2010, page 22: http://www.sandrp.in/drp/DRP_Dec_2009-Jan_2010.
pdf
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India has world’s biggest irrigation 
infrastructure. However, that infrastructure 

is currently performing at far from its optimum 
level. Here we have tried to review the 
performance of this infrastructure. One can 
also see in this performance deficit an option of 
getting more benefits from the existing projects 
where all the costs have already been sunk. This 
can be beneficial along with going for local 
water initiatives and infrastructure, rather than 
hankering for more big projects.

unjustified advocacy for Big Projects The 
National Water Mission under India’s National 
Action Plan on Climate Change advocated 
more big projects directly and indirectly. The 
advocacy for Big Dams to combat climate 
change in the NWM is not entirely new; it is 
part of a series of such attempts going on for 
the last few years. The government’s Water 
Resources establishment sees climate change as 
an opportunity to push its questionable agenda 
of Big Dams. For example, a national workshop 
was organized by National Water Academy of 
Ministry of Water Resources on Dec 5-6, 2007 
at Pune. One of the main recommendations of 
the workshop was, “Existing storages require 
enhancement and provision of carry over”, 
which essentially translates as more big dams. 

Big Water Infrastructure: 
Problems and prospects

6

“The most significant negative illustration is the 
interlinking of rivers project. In a country like 
India which gets seasonal rainfall from monsoons, 
the periods when rivers have “surplus” water are 
generally synchronous across the subcontinent. 
Further, given the topography of India and the 
way links are envisaged, it might totally bypass 
the core dryland areas of Central and Western 
India, which are located on elevations of 300+ 
metres above MSL. It is also feared that linking 
rivers could affect the natural supply of nutrients 
through curtailing flooding of the downstream 
areas. Along the east coast of India, all major 
peninsular rivers have extensive deltas. Damming 
the rivers for linking will cut down the sediment 
supply and cause coastal and delta erosion, 
destroying the fragile coastal eco-systems. Most 
significantly, the plan could threaten the very 
integrity of the monsoon system. The presence 
of a low salinity layer of water with low density 
is a reason for maintenance of high sea-surface 
temperatures (greater than 28° C) in the Bay 
of Bengal, creating low pressure areas and 
intensification of monsoon activity. Rainfall over 
much of the sub-continent is controlled by this 
layer of low saline water. A disruption in this 
layer consequent upon massive interlinking of 
rivers, which would curtail the flow of fresh river 
water into the sea, could have serious long-term 
consequences for climate and rainfall in the 
subcontinent, endangering the livelihoods of a 
vast population.”

Dr Mihir Shah, Member, Planning Commission 
(Water), Govt of India89 

89 From the lecture under the Malcolm Adiseshiah Centenary Annual Lecture Series given on April 20, 2010 
by Dr Mihir Shah quoted in Dams, Rivers & People, April May 2010, page 2: www.sandrp.in/drp/DRP_
Apr_May-2010.pdf
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Similarly, a brain storming session on the “Effect of Climate Change on Water Resources 
and Adaptation Strategies” was organized by the National Institute for Hydrology on April 
24, 2008 at New Delhi and among its conclusions was, “Additional storages are needed 
for meeting various demands particularly for the rain-fed areas of the country in the light 
of the possible impacts of climate change.”90 Similarly a World Bank study on impact of 
climate change on hydropower projects concluded without substantiation, “The amount 
of energy generated would be affected (due to climate change) to a certain extent, but the 
project viability may not change so much.”91

The working group on water resources for the 11th Five year plan also put in its advocacy 
on similar lines, “It is an accepted fact that even in the post climate change scenario, systems 
that are more controlled will fare better than systems that are less controlled. In water 
resources parlance, control means engineering infrastructure that enables the water managers 
to store and transfer water with greater certainty, thus reducing the impact of uncertainty. 
Therefore, dealing with climate change is going to require more infrastructures.”92 The 
Working Group report for Major and Medium Irrigation Projects for the 12th Five Year 
plan too, rather erroneously concludes, “The need and urgency about creating more storage 
through Major & Medium Irrigation sector in the country is apparent.”93

The trouble with this advocacy is that firstly, it sees storage as and end in itself, and not 
means to an end of providing useful services as per accepted priorities of the society. Thus, 
no attempt is made to assess if the existing storage capacity is being optimally employed 
to provide useful services. Secondly, there is little effective effort to stop the destruction 
of existing storage capacity through siltation. Thirdly, there is little inter state coordination 
in case of inter state river basins to ensure that the storage capacities in different basins 
are properly getting filled to provide optimum benefits. Fourthly, even when there is need 
for additional storage capacity after exhausting above options, the options of creating 
decentralised surface or underground storage capacities or through increasing the soil’s 
capacity to hold moisture is not even explored.

Why big dams should not be part of the solution There are many problems with 
this opportunistic advocacy for big dams to combat climate change. Firstly, we need to 
note that advocacy come from the usual suspects: the World Bank, the Union Ministry of 
Water Resources and so on. More importantly, this advocacy is not informed or backed 
by any performance appraisal of the currently existing big dams of India. Let us look at 
this aspect first. In the following paragraphs, we have tried to give a bird’s eye view of the 
analysis on this aspect that has been done by a number of independent research groups in 
India, including SANDRP.

Big Irrigation Projects ARE NOt delivering SANDRP’s analysis shows that in the 
seventeen years from 1991-92 to 2008-09 (the latest year for which figures are available), 
there is been absolutely no addition to net irrigated areas by canals as reported by 
Union Ministry of Agriculture, based on actual field data from states. In the period from 
April 1991 to March 2009, the country has spent Rs 1800 billion on Major and Medium 

90 MWR, June 2008, page 26-27
91 MWR, June 2008, page 22
92 MWR, June 2008, page 33
93 http://planningcommission.nic.in/aboutus/committee/wrkgrp12/wr/wg_major.pdf
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Irrigation Projects (most big 
dam based irrigation projects 
would come in these categories) 
with the objective of increasing 
canal irrigated areas. What the 
official data shows is that this 
whole expenditure has not lead 
to addition of a single ha in the 
net irrigated area by canals in 
the country for the whole of this 
seventeen year period. In fact the 
areas irrigated by canals have 
reduced by at least 1.2 million ha 
during this period. This should 
be cause of some very serious 
concerns and the Ministry of 
Water Resources (MoWR), 
the states and the Planning 
Commission will have to answer 
some difficult questions. 94 There 
could be some under reporting 
in the figures of Union Ministry 
of Agriculture because some states not reporting in some years, but even if this anomaly 
were to be corrected, it won’t make significant change in the situation.

Planning Commission supports SANDRP conclusions The Mid Term Appraisal of the 
11th Five year Plan prepared by the Planning Commission and approved by the National 
Development Council on July 24, 2010, supports SANDRP conclusions when it says in para 
21.7, “...use of water in India is characterised by an increasing dependence on groundwater 
for irrigation. The annual extraction of groundwater in India (210 billion cubic metres) is 
by far the highest in the world ...groundwater today provides more than 60 per cent of 
net irrigated area. It accounted for over 85 per cent of the addition to irrigated area in the 
last 30 years. The area irrigated by canals and tanks has actually undergone a decline even 
in absolute terms since the 1990s.” This is exactly the conclusion of the SANDRP analysis 
done each year since 2007.

Big Hydro: Dropping performance, destroying ecosystems SANDRP analysis 
of performance of big hydropower projects of India shows that 89% of the operating 
hydropower projects do not generate power at the promised rates at which the projects 
were sanctioned. In fact, half of the under performing projects were performing at below 
the 50% of the promised generation. Moreover, over the last 17 years, the generation 
per MW of installed capacity has reduced by over 20%. There are many reasons for this 
situation. Overdevelopment, unrealistically optimistic hydrological projections, poor project 
appraisals, lack of proper maintenance, silting up of reservoirs and precious little being done 
on ground to reduce that are some of the reasons. One of the most important Unique 

94 http://www.sandrp.in/wtrsect/India_Water_Sector_Performance_and_Challenges_March_2011.PDF
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Selling Propositions of the hydropower projects is supposed to be that it can provide 
peaking energy. However, there is no assessment as to how much of the power generated 
by the existing hydropower projects is providing peaking power. Unless we know that, 
we cannot even start to see as to what can be done to improve that performance. There 
is sufficient evidence to show, even from the official agencies like the Central Electricity 
Regulatory Commission, that a lot of hydropower projects are indeed acting as base load 
stations when they could have been used for peaking power. More importantly, until we 
do this exercise and ensure that we get the optimum benefits from existing projects, where 
is	 the	 justification	 for	more	hydropower	projects?

Big Dams and flood Control Big storage reservoirs are also justified in the name of 
flood control. While there is no case for building big reservoirs for flood control benefit 
alone, there is no doubt that if operated properly, the existing reservoirs can help in 
achieving some flood moderation in the downstream areas. However, experience in India95 
has shown that the wrong operations of big dams have in fact lead to flood disasters in the 
downstream areas. The most recent case in this regard is what happened in the Mahanadi 
basin in Orissa in September 200896 and in Sept 201197 again, where due to the wrong 
operation of Hirakud dam, there were worst flood disasters, one of them the worst of the 
last 25 years, affecting lives of millions of poor people. Both these flood disasters, in fact 
could have been completely avoided if the Hirakud dam would have been operated as 
recommended and if the dam operators had used the available information on the flows in 
Mahanadi and the anticipated storm. There are many other examples of such dam induced 
flood disasters98. Thus the advocacy for big dams as flood control measure in the climate 
change scenario has no justification.

On the contrary, climate change can also be used by the governments to sweep 
mismanagement under the climate change carpet. The Orissa govt is trying to sweep the 
mismanagement of Hirakud dam leading to floods in that state in 2011 under the Climate 
change carpet.99

Big Reservoirs source of Green House gas emissions Big hydropower projects are 
also pushed as climate friendly options for electricity generation. This advocacy does not 
take into account the fact that big reservoirs can be significant sources of methane, whose 
green house gas potency is about 21 times that of carbon dioxide. While there has been 
no attempt at assessing contribution of big hydropower projects towards green house gas 
emissions, an assessment by SANDRP100 showed that they could be contributing upto a 
fifth of India’s total contribution towards climate change. Such emissions, as yet are not 
part of the decision making process, cost benefit analysis, environment impact assessment 
or the calculations of country’s total contribution to climate change.

Big Storages: Siltation, unused and unfilled capacities We need to ensure that the 
storage capacity loss due to siltation is minimized. Today precious little is happening on this 

95 See the chapter on Indian experience in “Before the Deluge: coping with floods in the changing climate” 
at: http://internationalrivers.org/en/deluge-full-report

96 For details, see: http://www.sandrp.in/floods/Hirakud_Dam_brings_floods_in_Orissa_Sept08.pdf
97 See: http://sandrp.in/dams/Mismanagement_of_Hirakud_leads_to_Orissa_Floods_in_2011.pdf
98 See for example: http://sandrp.in/floods/surat_floods_Aug-06.pdf
99 http://ibnlive.in.com/news/blame-climate-not-government/214509-60-117.html 
100 For details, see: http://www.sandrp.in/dams/India_Dams_Methane_Emissions_PR180507.pdf
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on ground, as stated above. So old capacity equal to about two thirds of the new storage 
capacity we are adding each year is getting silted up101. Secondly, 26% of the monitored 
(by Central Water Commission) storage capacity does not get filled by the end of the 
monsoon each year on an average, based on last about 20 years’ figures, majority of these 
years had average or above average monsoon. Moreover, if we subtract the water already 
stored at the beginning of the monsoon, the effective use of the storage capacities come 
down by further 14%. We need to see how we can improve this performance. Studies 
show that if there is better coordination across the states at river basin level, the storage 
capacities can be better utilized. Lastly, 95% of India’s existing storage dams do not have 
hydropower component. We need to explore what is the potential of adding hydro capacities 
at existing storages.

Dam Planners not accounting for climate change A new paper in the journal PloS 
Biology suggests that dam planners are not assessing climate change challenges while 
taking decisions about or designing the projects. Typically, dam engineers study historical 
water data and decide on a flow rate that will make for an optimal dam project. But the 
paper’s authors, led by John Matthews of Conservation International, note that history 
no longer offers a reliable guide, particularly with global warming. The paper states that 
as the hydrological cycle can respond dramatically to even small climate shifts, planning 
dams in business as usual approach could soon prove useless. The authors suggest that large, 
multi-decade water infrastructure works, such as China’s South-North Water Transfer 
Project are not good ideas as it’s becoming increasingly difficult to make long-term plans 
around a stable climate102. Even existing projects and their designs and operation need 
to be reassessed keeping the climate change impact on inflow characteristics and possible 
changes in probable maximum floods that the dams may now get.

Water security for some, insecurity for many It is true that big dams where they 
exist, can provide better water security for the big water consumption points like the cities, 
commercial establishments and industries. However, it may also be added that this comes 
at a cost of insecurity for many others, in addition to the huge social and environmental 
costs. Such intensive consumption points also do not use the non dam alternatives available 
to them, nor do they treat the wastewater generated, thus creating more hazards for the 
downstream areas. Considering all this, the best option in the climate change scenario may 
be to ensure that such intensive consumption points first exhaust the local options, including 
rainwater harvesting, demand side management, shifting non essential water uses to outside 
the water deficit zones and recycling of the wastewater, before looking for options far away. 
In any case, they must be made to properly treat and recycle the wastewater.

the potential of existing projects However, existing projects also provide a huge 
opportunity in terms of achieving better and more optimum benefits from them. This has 
also been supported by the Planning Commission.

More recently, the Indo German report on Climate Change adaptation also supports this: 
‘The rehabilitation of existing dams is a crucial first step to sustainable water management 
in the context of climate change. Inadequate infrastructure can lead to major risks of water 

101 For details, see: http://www.sandrp.in/dams/reservoir_siltation_in_india0906.PDF
102 http://www.plosbiology.org/article/info%3Adoi%2F10.1371%2Fjournal.pbio.1001159
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waste, thus exacerbating water stress and increasing the risks of major accidents. There are 
general improvement options:

•	 upgrading	 and	 rehabilitating	 facilities	 associated	with	 the	dam;

•	 optimising	operation	of	reservoirs,	e.g.	by	managing	daily	and	seasonal	water	levels	and	
release patterns for single or multi-purpose uses;

•	 optimising	 the	 role	of	 the	dam	within	 the	 larger	 system	 it	 services.103

This Indo German report also advocates that in the climate change context, the water 
resources would need to be flexible to cope with the changing rainfall patterns and changing 
water demand patterns. Similarly the large projects are likely to prove more risky and 
disaster prone in climate change context. All this indicates a serious review of large dam 
agenda.

Summing up Large hydro projects and reservoirs are being sold by some as climate 
solutions. However, this seems like misguided advocacy, used by the vested interest lobby. 
In view of what is presented in this chapter, unless and until it is creditably established 
that the potential benefits from existing large dams have been exhausted and that all local 
and underground storage options (including the option of increasing the capacity of the 
soil to hold moisture through increased carbon content in the soils through greater use of 
organic fertilisers) have been exhausted, there should be no question of any new project 
being considered. Even operation of existing projects and size of the under construction 
project may be reviewed to make them more compatible in the climate change context. 
There is a huge untapped potential in all these options and this is available without any 
extra costs in terms of social or environmental impacts and much lower economic costs 
compared to new projects.

103 Adaptation to Climate Change with a Focus on Rural Areas and India, a joint report by GIZ, Federal 
Republic of Germany and Ministry of Environment and Forests, Govt of India, December 2011, see: http://
www2.gtz.de/dokumente/bib-2011/giz2011-0479en-climate-change-rural-india.pdf
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At least 65% of India’s population lives 
in rural areas and most of them are 

dependent on agriculture directly or indirectly. 
Agriculture would get profoundly affected by 
climate change in many different ways. The 
issue of adaptation and mitigation both are 
important here, since agriculture is also a 
contributor to green house gas emissions. Issues 
of Technology and finances are also important 
here. However, here we are broadly trying to 
look at this issue from the perspective of what 
is the role of water in agriculture, which is 
indeed very significant.

According to India’s Initial communication 
to the UNFCCC in 2004 for the base year of 
1994, the contribution of agriculture was 379.723 Million Tonnes (MT) (30.91%) in the 
total national emissions of 1228.54 MT CO2 equivalents. Significant part of the contribution 
from agriculture sector was supposed to have come in the form of methane 14.175 MT 
and Nitrous oxide 0.151 MT 105. The methane emissions were dominated by emissions from 
enteric fermentation in ruminant livestock and rice cultivation. The major contribution to 
the total N2O emissions came from the agricultural soils due to fertilizer applications. 
The contribution came down to 17% in 2007 and even more if emissions associated with 
manufacture of fertilisers and also the food miles are included. 106

NEGLECT OF RAINFED AREA, BOUNTY OF RAINFALL According to the 
Ministry of Agriculture, Government of India figures, roughly 81 Million Hectares (MH) 

Agriculture
7

“In material, physical, and biological terms the 
industrial agriculture economy is a negative 
economy that requires huge energy inputs. The 
cost of energy inputs are externalised and the 
financial calculus is dependent upon subsidies. 
Current financial and trade regimes continue to 
perpetuate and enlarge this negative economy. 
Instead of rewarding long-distance, uniform, 
centralised food systems, policies should support 
the principle of subsidiary. In other words, local 
production for local consumption should be the 
first tier of food security. This means shortening 
the food chain and food miles.”

‘Manifesto on Climate Change and the Future of 
Food Security’, by the International Commission 

on the Future of Food and Agriculture104

104 See How Distant a Square Meal: The Persistence of Hunger in India by Rahul Goswami, January 23, 2009 
http://infochangeindia.org/200901097562/Agriculture/Analysis/The-hunger-index.html

105 Subodh Sharma, Sumana Bhattacharya and Amit Garg, Greenhouse gas emissions from India: A perspective, 
Current Science, February 10, 2006

106 Raina Rajeshwari, Agriculture in the Environment: Are sustainable climate friendly systems possible in India? 
In Dubash (2012)
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out of Net Sown Area (NSA) of around 141 MH in India is rainfed. Moreover, out of 
around 60 MH of irrigated NSA, about 37-38 MH is irrigated by groundwater. Another 
about 5-9 MH is irrigated by what is minor surface water schemes, which are essentially 
rain water harvesting schemes. Both these categories of irrigated areas are also basically 
dependent on rain water in one way or another for their annual replenishment. The primary 
source of groundwater recharge is rainwater and the minor surface water schemes also get 
filled up when there is rain. What this means is that about 124-126 MH out of the NSA 
of 141 MH, that is 89% of NSA can be essentially called rainfed area. Even the remaining 
16-17 MH of NSA that is dependent on irrigation from large projects has to depend on 
mostly (the exceptions being those fed by snow melt from Himalayas or reservoirs with 
carryover capacity) rainfall, since most of the reservoirs are empty in the beginning of 
annual rainy season, namely monsoon.

Now if we look at central and state governments’ policies, programmes and practices in 
water resources or agricultural sectors, we find that they are all geared towards expanding 
the contours of the 11% of NSA irrigated by big irrigation projects. The Agricultural 
policies are also basically geared towards increasing the output from these areas. The crops 
that are subsidized and encouraged, the policies for agricultural inputs, the subsidies, all 
are geared in that same direction. There are waves of subsidy for such areas that start with 
the first wave of setting up big irrigation projects, following by the state support for seeds, 
fertilizers, pesticides, support for maintaining the infrastructure and so on. Such area also 
gets support in terms of market access and infrastructure related there of. Even the support 
of Minimum Support Price and government grain procurement schemes majorly goes only 
for such areas in Northwest India and elsewhere. That’s the basic model that we adopted 
in the first five year plan and the same more or less continues till date.

In contrast, the rainfed areas are basically left to fend for themselves. It may be 
noted here that every farmer of the country would benefit from facilities for better water 
management. And every farmer has equal right in share of the state resources for this. But 
the governments have no policy or strategy to use the annual bounty of rainfall for all 
farmers. There are clear issues of inequities and injustice there.

But there are also serious issues of sustainable development here. Firstly, we need to 
realize that our agricultural water lifeline is groundwater and with each passing day our 
dependence on groundwater is increasing. For a long time to come whether we like it 
or not, that dependence is going to only increase. That groundwater lifeline can be best 
sustained through local water systems, NOT through big irrigation projects. Secondly, 
for every investment that we make to increase outputs from rainfed areas, the returns are 
likely to be more than what we may get from big irrigation projects. This has been proved 
through hundreds of examples all over India. And thirdly, particularly relevant for this 
report, the climate change imperatives also indicate the need for increasing the moisture 
holding capacity of the soils, rehabilitating the existing local water systems & building more 
of them where possible and necessary. Taking up water saving cropping methods like the 
System of Rice Intensification are indeed among the most climate friendly options.

It is high time we do course correction to bring focus of our water and agriculture 
policies onto Rainfed Farming. It is likely to yield better economic, hydrologic, sustainable, 
equitable and climate friendly results and foodgrains production as per our future demands. 
It can also help sustain our groundwater lifeline. 
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ImPACtS Climate is an important determinant of agricultural productivity. The impact 
of climate change on agriculture is dependent on many factors: first, the rate and magnitude 
of change in climate attributes and the agricultural effects of these changes; and second, 
on the resilience of agricultural production to adapt to changing environmental conditions. 
The main climate change attributes - rainfall, humidity, temperature, atmospheric carbon 
dioxide content, the frequency of extreme events and rising sea level - all affect agricultural 
production and productivity. Other major agriculture sector impacts include: 

•	 Reduction	 in	 soil	moisture	due	 to	 increase	 in	 temperature
•	 Changes	 in	Fauna	 and	 flora	 in	 agriculture	
•	 Changes	 in	 useful	 insect	 species	 and	 pests	 in	 agriculture	 -	 climate	 change	 has	 altered	

their occurrence, space and time distribution, and population dynamics making their 
appearance unpredictable 

•	 Crop	pollinators	 and	agriculturally	useful	microorganisms	 -	 increases	or	 sharp	 falls	 in	
temperature, drought and rains affect their contribution.

According to a recent paper published in Science107, high temperatures can be expected 
to cut yields of the primary food crops like rice and maize by upto 20-40%. This does 
not include the impact this will have on the water supplies and soil moisture stressed by 
the higher temperatures. Even if there seems to be some exaggerations in these projections, 
this should be disturbing, as, according to one of the latest reports from the Food and 
Agriculture Organisation of UN the State of Food Insecurity in the World 2008, the largest 
number of the chronically hungry people in a single country in the world happens to be 
in India 108. According to another recent report, that situation is much grimmer if we take 
a closer look at the states and rural and tribal areas.109

SANDRP had filed some applications under the Right to Information Act to Ministry 
of Agriculture on contribution of chemical, organic and SRI crops to climate change. The 
answer from the ministry was that no such assessment has been done. Fertiliser industry 
in India is hugely subsidized and they are significant contributors to climate change. 
SANDRP had also asked what alternative incentive are provided to the farmers going for 
organic farming, since they are in the process reducing climate change contribution. The 
answer again was, none. 

How crops are affected by Climate Change Some impacts of climate change on crops 
already observed in India include: 

•	 Coffee In the south, erratic rain patterns are causing the coffee crop to fruit twice 
and sometimes three times, resulting in inferior beans. The Coffee Board of India has 
instituted an insurance program to help coffee growers in Karnataka deal with the 
declining yields.

•	 Rice in Kerala In the Kuttanad region of Kerala in the southwest, considered the state’s 
Rice Bowl, heavy rains delayed the normal sowing season in 2010, which begins in 
October, until December, which triggered an onslaught of pests.

107 Battisti et al, 2006
108 The Times of India, December 17, 2008, A Hungry Tide
109 See How Distant a Square Meal: The Persistence of Hunger in India by Rahul Goswami, January 23, 2009 

http://infochangeindia.org/200901097562/Agriculture/Analysis/The-hunger-index.html
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•	 Grapes Changing weather patterns are also affecting the cultivation cycles in 
Maharashtra’s 444,790 acres of grapes. Mahendra Sahir, president of the Maharashtra 
State Grape Growers Association, says rainfall in November for the last three to four 
years has delayed pruning and thus harvesting, making it increasingly difficult to meet 
deadlines for supplies of grapes sent to the European Union.

•	 tea D P Maheshwari, president of the Tea Association of India, said incessant rain, 
followed by a severe attack of pests, caused a massive crop loss in 2010. Maheshwari 
estimated that some tea plantations throughout the country suffered losses of up to 20 
to 30 percent. Of particular concern is the change in the quality of Assam tea, known 
for its strong brew. The Assam region, in the northeastern part of the country, accounts 
for 52 percent of India’s tea production. In 2010 the area saw a drop of 33 million 
pounds of Assam tea, compared to the previous year.110

Warming of 3-4°C could eliminate 85% of all wetlands, which are habitats for fish, 
amphibians, insects, molluscs, reptiles etc. Every 1°C increase in temperature reduces wheat 
production by 4-5 million tons, as per a study by IARI. This loss can be reduced to 1-2 
million tons by changing the timing of the planting.111

Impact on Horticulture According to a study 112 by the scientists from the CSK 
Himachal Pradesh Agricultural University, “New areas of apple cultivation have appeared 
in Lahual and Spiti and upper reaches of Kinnaur district as is evident from farmer survey 
and analysis of secondary data”. This is seen by the scientists as an impact of the global 
warming, where the lower reaches of existing apple areas in Himachal Pradesh in North 
India are unable to get viable yields and farmers are moving upwards due to increasing 
temperatures and decreasing number of chilling days that crops like apple require.113 
Agronomy scientists have noted a decrease of more than 9.1 units per year in the cumulative 
chill units of the coldest months of the last 23 years, which roughly corresponds to a spike 
of about 1.2° C. Similar impact is also felt in Theog in Shimla district of Himachal Pradesh. 
The findings are reportedly being studied by the Mission on Sustainable Agriculture under 
the NAPCC. 

Apple production in Himachal Factors such as decline in snowfall and fall in minimum 
temperature in the winter months over the last few years are posing serious threats to apple 
production in Himachal Pradesh. It has started to threaten the Rs 1,500-crore industry in 
the state. A study conducted by agricultural scientists in the key apple growing regions of 
Himachal Pradesh says that there has been remarkable increase in the area under off-season 
vegetable cultivation in place of apple cultivation. “Decline in area under apple and other 
fruits were comparatively higher in marginal and small farms,” a paper Weather Changes-
related Shift of Apple Belt in Himachal Pradesh by researchers from Himachal Pradesh 
Agricultural University, Palampur, has noted. The study was carried out by the Indian 

110 Dams, Rivers & People, Feb 2011 page 17: http://www.sandrp.in/drp/DRP_Feb_2011.PDF
111 FOOD SECURITY AND CLIMATE CHANGE IN HIMALAYAN REGION: Status and Strategies for 

Livelihood Improvement Govt of India paper on Food Security at Climate Summit for Living Himalayas, 
Bhutan, November 2011, see: www.bhutanclimatesummit.org.bt/paper/Food%20Report%20-%20INDIA.
pdf

 112 The Hindustan Times, November 19, 2008
113 Rana Ranbirsingh et al, The impact of climate change on a shift of apple belt in Himachal Pradesh, Dubash 

(2012)
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Council of Agricultural Research’s network project on ‘impact, adaptation and vulnerability 
of Indian agriculture to climate change’.

The study said that productivity of apple has recorded a decrease of about 2-3% over 
the past years and the maximum decline of about 4% was witnessed in marginal farms. It 
covered key apple growing districts of Kullu, Shimla, Lahual and Spiti representing different 
elevations with large areas under apple cultivation.

“In the Lahaul valley, more than 80% of farmers surveyed were of the opinion that 
reducing snowfall in winter, delay in start of winter, threat of floods in the valley in the last 
4-5 years are also the signs of changing climate in the valley,” the paper said. An analysis 
of the last two decades database showed that minimum temperature is decreasing during 
November to April whereas maximum temperature has been showing an increasing trend 
from November to April. The analysis of rainfall for past 41 years recorded at Kullu district 
showed 77 mm increase during the period of November to May. Increase in precipitation 
and decreased snowfall during winter consequently reflected in the low chilling hours in 
the region. Trend analysis indicated that annual snowfall has decreased by 82.7 mm in the 
entire region. Apple is a cash crop in Himachal Pradesh and accounts for 46% of the total 
area under fruit crops and 76% of the total fruit production.114

Climate Action Plan India’s NAPCC, in its Mission for Sustainable Agriculture puts 
emphasis on Genetically Modified crops (see section 3.7.4), which is completely misplaced 
and unjustified. Genetically modified crops have low resilience to vagaries of climate 
and water availability, are more dependent on external inputs in form of fertilizers and 
pesticides115 and can lead to severe impacts on local biodiversity and seed sovereignty. 
All these factors add to climate vulnerability, making GM crops a bad choice in face of 
climate change. In stead, what is required is sincere efforts at promoting organic farming 
and water and resource efficient and also high yielding and resource conserving methods 
like the System of Rice Intensification.

The NAPCC talks (sections 3.7.1, 3.7.3 and 3.8.3) about “stakeholder consultations, 
training workshops and demonstration exercises for farming communities, for agro-climatic 
information sharing and dissemination”, but unfortunately, the India Meteorological 
Department, the apex organisation in India on meteorological information, refuses to share 
even monthly and annual rainfall data even at district level116. Box 6 provides and overview 
of issues related to climate change impact in rural areas in India. 

Biofuels The NAPCC says (page 18) that India’s Bio-diesel Purchase Policy mandates 
bio-diesel procurement by the petroleum ministry. This is likely to have serious impacts 
on the people, as according to a Guardian report117, “up to 10.7 million people in India 
alone would be pushed over the poverty line as a result of the projected price increases” 
for biofuels. 

114 Dams, Rivers & People, Dec 2009-Jan 2010, page 7: http://www.sandrp.in/drp/DRP_Dec_2009-Jan_2010.
pdf

115 This is contrary to the claims of GM lobby, but research shows that GM lobby claims are indeed wrong. 
See for example: www.ucsusa.org/food_and_agriculture/science_and_impacts/impacts_genetic_engineering/
genetically-engineered-crops.html

116 See the order of the Central Information Commission, following an appeal by SANDRP, http://www.
sandrp.in/otherissues/CIC_TO_IMD-REVIEW_INFO_POLICY%20January_09.pdf, accessed on February 
11, 2009

117 http://www.farmersguardian.com/story.asp?sectioncode=1&storycode=22663,	Nov	17,	 2008
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At the function launching the Swiss Aid campaign against biofuels on February 11, 
2009 in Bern, Indian agricultural scientist Devinder Sharma said that 11 million hectares 
in India are earmarked for jatropha cultivation destined for the production of biodiesel.118 
For example, on February 11, 2009, the Chhattisgarh legislative assembly was informed by 
the state Forest minister that the forest department had planted about 100 million jatropha 
saplings in about 40,000 ha in the last three years at an expense of Rs 740 million to help 
the state emerge as a leading bio-fuel state of the country. The state government has set a 
target to plant jatropha in at least one million hectares of “fallow or barren land” by the 
year 2012.119

National initiative on Climate Resilient Agriculture This project has been initiated 
by the government of India. Developing stress tolerant rice and maize, soil and water 
management practices for mitigation and adaptation to climate change, Research and 
technology demonstration on climate resilient agriculture will be taken up under the project 
in different States. 

Scheme for Climate Resilient Agriculture The Union Govt has approved ‘National 
Initiative on Climate Resilient Agriculture’ to address climate change impact on agriculture 
and allied sectors. The main objective is to assess the impact of climate change on agriculture 
and allied sectors and evolve cost effective adaptation and mitigation strategies. The Project 
is proposed at an estimated budget of Rs 350 crore for XI Plan out of which Rs 200 crore 
is to be spent during 2010-11 and Rs 150 crore during 2011-12 on research infrastructure, 
capacity building & on-farm demonstration of available climate resilient technologies.

About one lakh farmers could be directly benefited through on-farm demonstration of 
climate resilient technologies. The components of the scheme are:

1. Detailed vulnerability assessment of agro-climate regions & production systems, & the 
relative vulnerability of different crops, livestock & fishery sectors.

2. Initiate strategic research on adaptation and mitigation at seven major research institutes 
of the Indian Council of Agricultural Research on natural resources, major food crops, 
livestock, marine and freshwater fisheries.

3. Demonstrate available climate resilient practices on farmers’ fields in 100 most vulnerable 
districts in 27 states/ UTs.

4. Strengthen research infrastructure and capacity building of scientists for undertaking 
long term research on climate change adaptation.

During the first year, the research infrastructure at key institutes of ICAR will be 
strengthened to study climate change impact on major food crops and livestock with an 
outlay of Rs. 200 crore. A detailed vulnerability assessment of at least 15 National Agriculture 
Research Project zones will be taken up. Simultaneously, the existing best practices available 

118 www.swissinfo.ch/eng/swiss_news/Land_wasted_for_fuel_as_millions_go_hungry.html?siteSect=201&sid=1
0314895&cKey=1234344121000&ty=st,	Land	“wasted” for fuel as millions go hungry, accessed on February 
11, 2009

119 http://www.thaindian.com/newsportal/uncategorized/100-million-jatropha-saplings-planted-in-
chhattisgarh_100154010.html, 100 million Jatropha saplings planted in Chhattisgarh, accessed on February 
16, 2009
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from National Agricultural Research Systems will be demonstrated in 100 most vulnerable 
districts, involving at least 1000 farmers in each district through Krishi Vigyan Kendras.

During 2011-12, long term strategic research programmes will be initiated on crop 
improvement to heat and drought stress, management of natural resources for adaptation 
and mitigation and innovative livestock management practices to minimize heat stress on 
animals. The scheme is expected to help in identification of at least 15-20 heat/ drought 
tolerant promising cultivars of different crops by end of XI Plan. The outputs are expected 
to provide adequate resilience to the small and marginal farmers and reduce production 
losses at least by 25-30%.121

IARI adaptation study in 4 districts Indian Agriculture Research Institute, in 
collaboration with the World Bank has launched a Rs 12 crore scheme for studying how 
to make agriculture land adaptable to climate change in Madhya Pradesh’s Dhar district, 
Maharashtra’s Raigarh, Haryana’s Mewat and Orissa’s Ganjam district. 122

Box 6
Indo German Adaptation Report for Rural India

This interesting report from the Indian and German government agencies about adaptation in rural India is relevant 
here. It has been projected that under the climate change scenario of a 2.5°C to 4.9°C temperature rise in India, 
rice yields will drop by 32%-40% and wheat yields by 41%-52%. This would cause GDP to fall by 1.8%-3.4%. 
According to a study, an increased temperature will most likely lead to an overall decrease in Sorghum production. 
By 2020, monsoon sorghum production is predicted to decrease by 14% in Central and South West Zones and by 
2% in South Central Zone, whereas winter sorghum production was estimated to decrease by up to 7% by 2020. 
However, the authors pointed out that very low cost adaptation strategies, like changing variety and sowing date, 
could reduce the impacts and vulnerability of winter sorghum and help maintain the productivity of sorghum under 
changing climatic conditions. 

Agro-biodiversity conservation should form a basic component of adaptation strategies. Traditional knowledge and 
social organisations must be strengthened. Women play an important part in this process. For example, foxtail 
millet (Setaria italica) varieties grown and conserved by the farmers of Vittalpura (Bellary district, N Karnataka) 
have excellent drought resistance.

Example of Adaptation in animal husbandry in Rajasthan: Communities were encouraged to implement physical 
and administrative measures to protect and develop pasture lands. This included protecting areas from grazing by 
planting vegetative fences, digging trenches and building stone walls, along with stone check dams, gully plugs 
and water harvesting structures, to conserve soil and water. The story of Kodikitunda, a very small village in the 
Eastern state of Orissa is similar.

On Water front, options to increase water supply by greater water extraction from rivers, springs and groundwater 
or by storing seasonal excess water in large reservoirs will decrease, demand side management will have to be given 
a priority. Building small water storage facilities or rebuilding traditional ones will help small farmers to make their 
living. Among other steps, water management and saving water could also have a good bearing on methane emission 
from the inundated paddy fields. Conservation agriculture involving reduced tillage and residue management, 
system of rice intensification, paddy cum fish culture to reduce CH4 emission has been initiated.120

120 Adaptation to Climate Change with a Focus on Rural Areas and India, a joint report by GIZ, Federal 
Republic of Germany and Ministry of Environment and Forests, Govt of India, December 2011, see: http://
www2.gtz.de/dokumente/bib-2011/giz2011-0479en-climate-change-rural-india.pdf

121 Dams, Rivers & People, Dec 2010-Jan 2011, page 15: http://www.sandrp.in/drp/DRP_Dec_2010_Jan_2011.
pdf

122 Dams, Rivers & People Aug-Sept 2010, page 15: www.sandrp.in/drp/DRP_Aug_Sept_2010.pdf
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Organic and conservation Agriculture can lower emissions According to reports from 
IFOAM123 and Food and Agriculture Organisation124, Organic agriculture contributes less 
to climate change in every way and importantly for a country like India, generates more 
employment. These conclusions are well known, but as they come from a mainstream 
UN organisation, they are very important. One hopes the Indian government, Agriculture 
Ministry, Food Processing Ministry and state governments take a note of this and devise 
systems to encourage organic farming majorly as a way to address the climate change 
impacts. An important conclusion of the report is, “Typically, organic agriculture uses 30-
50% less energy in production than comparable non-organic agriculture. Though organic 
agriculture on average uses energy more efficiently, it often requires an indirect trade-off 
of energy intensive inputs with additional hours of human labour—about 33% more than 
conventional agriculture.” This would be even more important in a country like India 
where poverty and unemployment are major problems in rural areas and additional labour 
requirement would help more people get work. The proposal of allowing payment under 
the rural employment scheme for work related to organic agriculture for small and marginal 
farmers (see below) is welcome in this regard. 

Similarly, director of India’s National Centre for Agricultural Economics and Policy 
Research said125 after the 4th World Congress on Conservation Agriculture in Delhi during 
Feb, 2009, “The no or zero till fields have been reported to act as carbon dioxide sinks, 
which are thus helping effort to check global warming. Moreover, reduced disturbance to 
soil also reduces soil run off that reduces the silting of water bodies… Scientists have been 
saying that by only 10% increase in water use efficiency, the country can grow an extra 
50 MT of foodgrains from the existing irrigated areas.” Unfortunately, organic farming, 
SRI, no or zero tillage farming does not even get adequate place in the NAPCC or the 
Mission for Sustainable Agriculture.

farming without chemicals in Andhra Pradesh What started as an experiment in 
Pannukula village in Khammam district in Andhra Pradesh a few years ago has now become 
a movement that spread to 20 lakh acres in 18 districts in the state. This is the future of 
the climate friendly agriculture where the farmers are able to repay their outstanding debts 
rather than incur debts for farming. Centre for Sustainable Agriculture, among many others 
have made this possible.126

In a welcome move, Union Rural Development Ministry has decided to allow labour 
costs on certain on farm works under the Mahatma Gandhi National Rural Employment 
Guarantee Act (MGNREGA). The on farm works proposed under the MGNREGA include 
those related to SRI, organic fertilisers, organic pesticides and soil conservation, particularly 
on fields of small and marginal farmers. This move can help poverty alleviation and also 

123 See for a guide to organic farming for small holders in the context of climate change and food security: 
http://www.ifoam.org/growing_organic/1_arguments_for_oa/environmental_benefits/pdfs/IFOAM-CC-
Guide-Web.pdf

124 FAO, Rome, August 2007, “ENERGY USE IN ORGANIC FOOD SYSTEMS”, see: http://www.fao.org/
docs/eims/upload/233069/energy-use-oa.pdf, accessed on February 7, 2009

125 The Financial Express, February 9, 2009, ‘Low efficiency of resources raises concerns’
126 Dams, Rivers & People, Dec 2009-Jan 2010, page 28: http://www.sandrp.in/drp/DRP_Dec_2009-Jan_2010.

pdf
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help improve the coping capacity of the small and marginal farmers and is helpful both in 
terms of adaptation and mitigation.127

System of Rice Intensification The SRI method of cultivation of rice and other crops 
can significantly increase the rice yield and at the same time reduce the use of inputs128. 
This way, SRI can help in both mitigation front (reducing the contribution to climate 
change from such lands due to lower inputs per unit output) and also on adaptation 
front (SRI plants are more resilient to drought and floods). And yet institutes like the 
International Rice Research Institute (Manila, Philippines) are making efforts in looking for 
new high yielding and genetically modified varieties, rather than promote SRI. Similarly the 
multinational companies are pushing dubious claims about climate resistant varieties. The 
governments, like the Indian government (through NAPCC and otherwise), rather than 
seriously pushing traditional varieties and practices and methods like SRI, is also pushing 
genetically modified varieties, whose claims, at best, are dubious. 

Bihar success story on System of Crop Intensification The Bihar Rural Livelihoods 
Project, locally known as JEEViKA is being implemented by Bihar Rural Livelihoods 
Promotion Society, an independent Society under the Department of Finance, Government 
of Bihar. The objective of the project is to improve livelihoods of the rural poor through social 
and economic mobilization. Among other schemes, the Jeevika program is implementing 
the System of Intensification for Rice, Wheat, Rapeseed, Green Gram, etc.129

SRI taken up as a climate friendly technique in Bihar The Bihar Chief Minister Nitish 
Kumar, while speaking on the occasion of visiting and praising the efforts of Jyoti Devi 
of Fatehpur block in Gaya who has turned dry land into green belt with SRI technique 
and other indigenous methods. He said Jyoti, now his party’s elected representative in 
the state legislative assembly from Barachatti, and other farmers like Ramsevak of Dobhi 
(Gaya) and Kisan Chachi of Muzaffarpur are role models who practiced new methods of 
farming and increased production. Agriculture Production Commissioner said in the first 
phase SRI technique would be implemented in 3.5 lakh ha. Currently, Bihar is producing 
around 50 lakh tonnes of rice, which could be increased to 65 lakh tonnes with the new 
technique. “This will herald a new Green Revolution,” he said.130

In Berhampur (Orissa), SRI is proving to be the means to deal with the problem of 
erratic monsoon. The small and marginal farmers in Ganjam district who experimented with 
the SRI method are confident of a good harvest131. An example of biodiverse Agriculture 
in Medak, Andhra Pradesh is also noteworthy.132

tamil Nadu: 8.5 lakh Ha under SRI Commissioner of agriculture, Tamil Nadu, 
said the government had introduced SRI to overcome the water shortage and maximise 
production. The area under SRI had increased to 0.6 million ha in 2009. In 2010, it would 
be increased to 0.85 million ha. Secretary in the agriculture department said food grain 
production has gone up from 28.7 MT in 2001-05 to 31.89 MT in 2006-09.

127 Ramesh for cap on farm work in wage scheme, Business Standard, Dec 24, 2011
128 For details see: http://www.sandrp.in/sri/
129 For details, see “Dams, Rivers & People”, March 2011, pages 3-7: http://www.sandrp.in/drp/DRP_

March_2011.pdf
130 Dams, Rivers & People, Feb 2011, page 17: http://www.sandrp.in/drp/DRP_Feb_2011.PDF
131 http://www.hindu.com/2009/11/21/stories/2009112156710200.htm
132 Earth mothers nurture biodiversity, Jul 10, 2011, http://timesofindia.indiatimes.com/home/environment/

the-good-earth/Earth-mothers-nurture-biodiversity/articleshow/9168982.cms
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NABARD to promote SRI in AP National Bank for Agriculture and Rural 
Development will rope in about one lakh farmers of Andhra Pradesh in 2010-11 to promote 
SRI method.

SRI to help Bengal cut water consumption At a time when productivity is dwindling 
in W Bengal, farmers are trying out SRI, to increase productivity. The new method uses 
40% less water and has helped increase production by 20% in some blocks. “We have 
seen a very good response in W Bengal. Farmers have already accepted the new method 
of cultivation,” said joint secretary, Union agriculture ministry. According to agriculture 
department officials, farmers in almost all blocks in North Bengal have adopted the new 
technique.

“Although farmers are using the method during Boro cropping season, we are also 
trying to popularise SRI method in up-land districts like Purulia, Bankura, Paschim 
Medinipur, Birbhum and Burdwan during the Kharif season,” an official said. W Bengal, 
which has almost 15 lakh ha under Boro rice cultivation, has resorted to the new cropping 
pattern in 2008, starting on pilot basis. The farmers have now seen the benefits of the new 
method. Apart from low water requirement, fertiliser cost and requirement of pumpsets 
has also come down. “While the productivity was around 4 tonne per ha in the normal 
mode of cultivation, it went up to 4.5-4.6 tonne after farmers resorted to SRI method,” 
he added.133

Carbon Credit from SRI Agriculture releases significant amount of CH4, N2O and CO2 
into the atmosphere. These three are the major Green House Gases. In 2005, agriculture 
accounted for 10-12% of total global anthropogenic GHG emissions. From 1990 to 2005 
the GHG emission has increased. CH4 is produced when organic materials decompose 
under anaerobic conditions such as cultivation practices under flooded conditions. Aerobic 
soils however, can act as an important sink for CH4. N2O is produced as the intermediate 
product during nitrification and de-nitrification process. Nitrification is the process of 
aerobic microbial oxidation of ammonia into nitrate whereas de-nitrification is the process 
of reduction of nitrate into gaseous nitrogen. Production of N2O is enhanced when available 
N exceeds plant requirements, especially under wet conditions. The traditional flooded 
paddy cultivation method emits more methane and use of excessive nitrogenous fertilizer 
emits more nitrous oxide to the atmosphere. Methane is about 21 times and Nitrous Oxide 
is about 298 times more powerful than Carbon Dioxide in global warming. The entities 
involved in reducing GHGs emissions in developing countries are liable to get Carbon 
Credits, which can be a source of revenue.

SRI is aerobic paddy cultivation because of its alternate wet and dry method, regular 
weeding improves aeration resulting into less methane emissions. The emission of CH4 
from SRI soil was found to be 4 times less and N2O flux from SRI treatment was 5 times 
less compared to traditional paddy cultivation. SRI practices appear to potentially minimize 
CH4 and N2O emissions. This has been adequately proved in many countries such as Sri 
Lanka, China, Nepal, Vietnam, etc. But the smallholders involved in paddy cultivation 
through SRI have not been compensated with Carbon Credit benefits. It is envisaged that, 
systematic research needs to be carried out and reports to be published by the scientific 
community for rest of the world for developing a carbon credit protocol for SRI.134

133 Dams, Rivers & People, June July 2010, page 17-18: http://www.sandrp.in/drp/DRP_June_July_2010.pdf
134 “Dams, Rivers & People”, March 2011, pages 3-7: http://www.sandrp.in/drp/DRP_March_2011.pdf



Agriculture 59

Summing up It is high time we do course correction to bring focus of our water 
and agriculture policies onto Rainfed Farming. It is likely to yield better economic, 
hydrologic, sustainable, equitable and climate friendly results and foodgrains production. 
It can also help sustain our groundwater lifeline. Organic agriculture, cropping methods 
like the System of Rice Intensification, System of Wheat Intensification, System of Crop 
Intensification, Sustainable Sugar Initiative, etc contribute less to climate change in every way 
and importantly for a country like India, generates more employment, conserve water and 
increase production. These help on both adaptation and mitigation front. However, there 
are no policy or financial incentives for these, nor are these initiatives part of NAPCC or 
National Mission for Sustainable Agriculture. We need to change this urgently. Devising 
ways of providing carbon credits for these initiatives is also needed. Using the vast grazing 
lands in India to take up the chauka system development pioneered by Laxman Singh and 
his team in Laporia and surrounding villages in Jaipur district in Rajasthan would go a 
long way. We also need to start understanding the implications of virtual water concept 
and dis-incentivise export of water from water scarce areas and nations through export of 
water intensive products like sugar and rice. It is clear there is a huge potential, if we are 
seriously interested. 
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traditional knowledge to adapt to climate change In some remote villages in India, 
which are most unlikely to pose as models of development, a quiet rejuvenation is taking 

place, with communities learning to adapt to the climate change reality of today. One of 
the foremost signs of climate change is the changing pattern of the monsoon. Interestingly, 
a 2009 Oxfam-India field study in Bundelkhand in UP and MP, Tamil Nadu and coastal 
Andhra Pradesh shows that reviving ancient water systems, linked with low chemical-input 
agriculture, which is sometimes a mix of traditional knowledge and modern methods, have 
helped poor farmers devise an effective strategy to cope with the changing monsoon.

Tamil Nadu gets rains mostly during Oct-Dec, the Gundar river-basin “feeding” 
Madurai and four surrounding districts remain most vulnerable. “I have seen, even as a 
little boy, that we cannot stop floods,” says 62-year-old Gandhi, a farmer from Vellinipatti 
in Ramanathapuram district (“Velinipatti” means “flood-protection” in Tamil). “But now 
the rains are very heavy over a shorter period, causing frequent floods. Earlier we knew 
the seasons. Now we don’t understand why this is happening,” he says.

This region had an ancient, intricate watershed management system from 300 BC to 
200 AD that channelled these seasonal waters into different systems dug in the earth, using 
the granitic rock base as leak-proof storage. A neerkatti, or water manager, appointed by 
the village was responsible for judicious distribution and conservation. The system served 
for millennia but fell into disuse with, first, a colonial and, then, a post-independence 
governance system. Deprived of ownership and their share of tank waters, local societies 
let them go to ruin.

Now, NGO Dhan Foundation has helped local communities revive this ancient system, 
complete with a village neerkatti. Villages contribute at least a quarter of the budget needed 
for renovation through a watershed association. Those benefiting from the tank contribute 
according to the size of their holdings at Rs 300 per acre. The remaining amount is 
received from government schemes or donor grants. The association also keeps Rs 20,000 
for drought-relief, tank-repair or loans for soil and water-conservation. For the 20% of 
the landless, fish-farming offers a livelihood.

The results are remarkable. Villur’s ancient tank in Madurai district has now extended 
its command area from 25 acres to over 100 acres. Elsewhere in Sinkurni, communities 
now use inter-cropping to beat unpredictable rains, sowing cotton in Aug-Sept, interspersed 

Some Positive Local Water 
Adaptation Cases
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with lentils like red and black gram. The black gram is reaped in three months, the red 
gram in six months and, the cotton in nine months. If the cotton fails for lack of water or 
other reasons, the lentils balance it out with their varied cropping periods.

M P Vasimalai of Dhan Foundation says, “Gundar’s farmers already have knowledge 
about adapting to climate change, because the systems of flood mitigation and drought 
moderators have been with them since ancient times.” The Watershed associations have 
given a sense of ownership to the communities, who now maintain their own tanks.

Building on India’s traditions The Development of Humane Action (DHAN) 
Foundation is an Indian development organisation. In 1992, it initiated the Vayalagam 
Tank-fed Agriculture Development Programme, reaching approximately 12,000 farmers 
in 192 villages in Tamil Nadu, Andhra Pradesh and Karnataka. The programme’s main 
emphasis is on organising water tank users and involving them in rehabilitation works. It 
consists of the following key components: 

•	 organising	farmers	around	the	tanks	and	at	the	level	of	cascades,	promoting	tank-based	
farmers’ associations at block and district level;

•	 rehabilitating	water	 systems;

•	 involving	farmers	in	setting	up	harvesting	structures	to	restore	system	efficiency,	increase	
water use efficiency and thus improve access to water;

•	 promoting	 traditional	 tank-based	watershed	 development	 to	 harvest	 rainwater	 within	
the watershed boundary;

•	 reviving	and	 strengthening	 the	 tradition	of	 appointing	Neerkattis	 (water	managers).	A	
water manager is responsible for the supply of water to every field at the farm level, 
safeguarding the tank structures, ensuring water management on the basis of available 
water and crop needs, and managing the distribution of water in times of scarcity and 
high demand.135

In Maharashtra’s Vidarbha region, infamous for farmer suicides, a quiet revolution has 
been happening through traditional tanks which are central to the water security, food 
security and biodiversity of the region. Just two districts of Bhandara and Gadchiroli 
have as many as 13000 tanks, which support irrigation and biodiversity, making the region 
one of the hotspots for endangered water birds like Sarus Cranes136. Local organisations 
like Bhandara Nisarga va Sanskrutik Abhyas Mandal have been working closely with 
government committees on tank revitalisation, bringing the local perspective on board. 
The organisation has also been working on reintroduction and conservation of local fish 
species and aquatic flora in the tanks. It is well established that biodiversity adds to the 
resilience of ecosystems, for coping with climate change.

Half a country away, in UP’s Bundelkhand, land-contouring through check dams, 
spillways, bunds and channels to recharge groundwater from the sparse rains have also 
made significant improvements. Villagers in places like Tajpura and Sunderpura in Jalaun 

135 Adaptation to Climate Change with a Focus on Rural Areas and India, a joint report by GIZ, Federal 
Republic of Germany and Ministry of Environment and Forests, Govt of India, December 2011, see: http://
www2.gtz.de/dokumente/bib-2011/giz2011-0479en-climate-change-rural-india.pdf

136 See; Dams, Rivers and People; Sept Oct 2011, Page 5
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district now have adequate groundwater to enable tubewells or revive old wells to grow 
their own crops, irrespective of the weather. Using natural systems of bio-composting 
with farmyard manure and bio-pesticides, such as marigolds and watering from a tubewell, 
villagers have irrigated 75 bighas of land in Sunderpura for the first time with help from 
NGO Parmarth. 

In Tajpura, farmers say vermi-composting the same farmyard manure doubles the 
produce. Ajan Singh and his wife Mamtadevi have managed to save over Rs 80,000 by 
growing organic vegetables on their one bigha of land. Their low-cost natural-input 
management system of cultivating vegetables has such a reputation for quality that all their 
produce gets sold locally at rates higher than market prices. Singh nets a minimum annual 
income of Rs 35,000-40,000 in a system that will stand him in good stead with reduced 
rains and rising temperature in the region.137

Nabard climate change adaptation plan The climate change adaptation project 
in Ahmednagar district sanctioned by the National Bank for Agriculture and Rural 
Development (Nabard) will help 25 villages cope with climate change and adapt to 
impending impacts. Regional general manager P Satish said the project will benefit Akole 
and Sangamner talukas covering 23,245 families. “It seeks to develop knowledge strategies, 
approaches, measures and processes that would enable vulnerable communities to cope with 
climate change and adapt to impending impacts,’’ he said.

The Watershed Organisation Trust project was sanctioned with a grant from Nabard 
and Swiss Development Cooperation. It will concentrate on advanced weather stations (29 
have been set up in 25 villages), watershed development, crop management and increasing 
green cover for stabilisation of soil and increasing ground water level. The changes in the 
region will be monitored for five years. The farmers will be motivated and helped in shifting 
to alternative sources of energy. The project will be implemented in association with India 
Meteorological Dept, social forestry dept, Krishi Vigyan Kendra in Mahabaleshwar and 
Indian Space Research Organisation. Nabard has signed a memorandum of understanding 
with Mahatma Phule Krishi Vidyapeeth, Rahuri, for 3 years. It will collaborate in the 
preparation of CDs, VCDs, brochures, pamphlets on agriculture & related activities for 
farmers, formation of a farmers-scientists forum, conduct training and implementation of 
seed development programme.

For example, in Sarole Pathar village in Sangamner taluka of Ahmednagar district, which 
is part of this project, digging of borewells have been banned. The villagers now cultivate 
soybean, jowar and gram instead of bajra, wheat and rice as they used to do earlier. They 
are also cultivating vegetable and fruits. Many are planting pomegranates. The groundwater 
level has gone up. Subhash Fatangde and his wife Manikarnika cultivate vegetables in the 
backyard of their house by recycling water.138

Community managed Sustainable Agriculture in Andhra Pradesh In Andhra Pradesh, 
as per a World Bank blog139, over 1.2 million farmers across 9000 villages are practicing a 
cheaper and more sustainable method of agriculture across 1.2 million hectares, even as more 
farmers are becoming part of a farmers’ movement for sustainable agriculture in Andhra 

137 http://business-standard.net.in/india/news/keya-acharya-indias-constant-gardeners/405266/
138 http://daily.bhaskar.com/article/MAH-PUN-ahmednagar-village-adapts-to-climate-change-2671580.html
139 http://blogs.worldbank.org/climatechange/node/825
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Pradesh. The program named Community Managed Sustainable Agriculture is essentially 
an alternative to the conventional-input intensive agriculture model. It promotes the use 
of locally available, organic external inputs—including cow dung, chickpea flour, and palm 
sap—and the use of traditional organic farming methods such as poly-cropping and SRI. 
The entire program is led, supported, and monitored by the 930,000 self-help groups of 
poor, rural women across the state. The claims would have been a bit more credible if the 
source was not a World Bank blog, though. 

Exemplary drought and flood proofing work in laporiya The work of the Gram 
Vikas Navyuvak Mandal Laporiya (GVNML) since 1977 in Laporiya and surrounding 
villages of Jaipur District in Rajasthan and also in surrounding districts has many innovative 
aspects that lead them to make the rainfed, drought prone areas both drought proof and 
flood proof. There are many elements of the work of the GVNML 140 that can be seen to 
be ensuring better adaptation to the Climate Change impacts:

•	 Maximum	harvesting	of	water	in	the	local	area:	Chauka system and the water harvesting 
structures

140 For details, see: www.gvnml.org, http://www.downtoearth.org.in/content/drought-proof-village-bone-dry-
district, http://www.rediff.com/news/2008/jun/11sld5.htm, http://organicworldforall.blogspot.com/2007/06/
water-harvesting-benefits.html, http://www.indiatogether.org/agriculture/articles/rjndrght.htm

141 Adaptation to Climate Change with a Focus on Rural Areas and India, a joint report by GIZ, Federal 
Republic of Germany and Ministry of Environment and Forests, Govt of India, December 2011, see: http://
www2.gtz.de/dokumente/bib-2011/giz2011-0479en-climate-change-rural-india.pdf

142 Also see: http://hiware-bazar.epanchayat.in/home

Box 7
A Practical Example of Adaptive Water Management141

The village of Hiware Bazar in Maharashtra state is known for its community-based initiatives in enhancing the 
resilience of communities to climatic variability and extreme weather conditions. From 1995 to 2005, the efforts of 
the local leadership were directed towards water conservation, which includes both replenishing the groundwater 
and creating a surface storage system. Since 2004, Hiware Bazar has been conducting an annual water audit, 
measuring the total availability of water. The implementation of these development programmes has to a large 
extent stopped the migration of the villagers. The village has introduced its own water regulations linked to its 
cropping plans. It began to base cropping patterns on water availability, despite a well-established market for the 
sugar cane crop. Decisions on cropping intensity are taken annually, ensuring efficient management of the resource 
and its equitable distribution.142

The report rightly concludes, “On the one hand, watershed development in India contributes significantly to 
increasing adaptive capacity and reducing the vulnerability of communities and farmers to climate change. On 
the other hand, unless it is included in development planning processes, the success of watershed development 
may itself be at risk from climate change.” 

Climate proofing India’s Watershed Development Fund The National Bank for Agriculture and Rural Development 
(NABARD) initiated the Watershed Development Fund (WDF) in 2001. The WDF is replenished annually and is 
set to continue. This fund has been set up to cover an area of 1.42 million hectares land. Main activities include 
drainage line treatment, water harvesting structures, and livelihood interventions. NABARD and GIZ (German 
government bilateral aid agency) are starting a process of climate proofing the WDF. Climate proofing should 
ensure that the activities supported through WDF continue to be appropriate and sustainable, taking into account 
changing climate. The exercise of climate proofing could identify possible modifications or additional WDF activities 
to further increase the adaptive capacities of people living in watershed areas.
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•	 Protection	 of	 common	 property	 resources	 like	 pastures	 and	 increasing	 their	
productivity

•	 Maximum	groundwater	 recharge

•	 Minimum	use	of	 chemicals:	 fertilizers,	pesticides

•	 How	this	can	help	agricultural	production	sustainability	(micro	and	macro	level),	rural	
food security, rural water security, rural livelihood security

•	 How	 this	has	helped	 in	 times	of	drought	 in	 the	past:	 Sustained	milk	production

•	 How	in	years	of	drought	there	was	no	tanker	supply	of	drinking	water	to	Laporiya	and	
some other GVNML villages, when other villages had to depend on tanker supply.

•	 How	this	can	help	 in	the	event	of	high	 intensity	rains/	reducing	the	possibility	of	and	
damages due to floods: Rajasthan areas like Barmer, Balotra, Kawas faced floods

•	 Increasing	 the	 soil	 carbon	 (This	 is	 also	helpful	 from	 the	mitigation	point	of	 view)

•	 Conscious	 effort	 to	preserve	 and	 increase	 the	biodiversity

•	 Ban	on	burning	of	organic	mater.

Tarun Bharat Sangh The Work of the Tarun Bharat Sangh in Alwar and surrounding 
districts in Rajasthan since 1985, starting with rejuvenation of existing johads (local water 
harvesting mechanisms through village level earthen bunds (in most cases) that also helps 
groundwater recharge, increase water, food and livelihood security, environment protection, 
and also participatory river basin level management (e.g. at Arwari River Basin) is also 
exemplary in the climate change context. Over 3000 structures have been rehabilitated or 
built over the last over 25 years in this area that has brought about a number of notable 
transformations. 

Climate friendly Agriculture in mirzapur A businessman bought 25 acres of stony, 
barren land in Dagmagpur village in Mirzapur district in 1998 at throw away price and 
started water harvesting through check dams and cattle rearing. Slowly he expanded the 
work to 500 acres and today it is lush green land through organic farming practices. He 
has inspired people in surrounding villages to follow his practice and aims to expand the 
work to 2000 acres by 2015.143

Other examples include NPM movement mentioned in chapter 7 in this report. There 
are in fact of hundreds of such examples scattered all over India, including Hiware Bazar 
(see Box 7 above) Ralegan Siddhi (Maharashtra)144, Raj Samadhiyala (Gujarat)145 to name 
only a few. 

Summing up The message seems simple enough: where possible, revive old ponds, 
build new ones and allow and help the villagers to manage it on their own. Create such 
systems where they do not exist and where possible. The schemes under the Mahatma 
Gandhi National Rural Employment Guarantee Act can be used for this, but would succeed 
only when credible social audit mechanism is in place.

143 Dams, Rivers & People, Dec 2009-Jan 2010, page 28: http://www.sandrp.in/drp/DRP_Dec_2009-Jan_2010.
pdf

144 http://www.rainwaterharvesting.org/rural/Ralegan.htm
145 http://www.rainwaterharvesting.org/rural/Raj-Samadhiyala.htm
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The rapid urbanization that 
India is facing becomes 

relevant in water context for a 
number of important reasons. 
First is the obvious: this is 
putting and will put greater and 
greater demands on water from 
surrounding and even far off areas. 
Second is direct consequence of 
this: the waste water releases 
from Urban areas would put 
more of the available freshwater 
at risk in the downstream areas. 
Both these would become more 
acute problems in changing 
climate. Thirdly, the climate 
change is likely to increase the 
pace of migration from rural to 
urban areas due to drought and 
environment risk.146 Increasing 
urbanization also necessarily 
means greater demands of all 
resources and greater emissions. 
There is thus multiple ways in 
which urbanization is important 
for climate change issues in general 
and water sector in particular.

India’s urban population is 
377 million or about 31.2% of 

Urban Water Options
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Box 8
Citizens’ Efforts at River Protection

The city of Pune exemplifies many growing urban centres of India. 
With a population crossing 94 lakhs, it has become an ever growing, 
unplanned city, bursting at the seams, exerting extreme pressure on 
nearly all of natural resources that it depends on. On October 5, 2010, 
the city recorded 181.4 mm rainfall, the highest record in 24 hours in 
the last 118 years. This extreme weather event was the last straw for 
various streams and water bodies in the city which have been facing 
severe problems like encroachment and channelization. Almost the 
entire city was flooded, channels broke, building and shanties collapsed 
in the streams, embankments gave way, causing immense loss to life 
and property.

A year after the incident, citizens from various areas are coming together 
and have been opposing encroachments and channelization of their 
streams. In the Dev Nadi Catchment, local citizens have been planting 
riparian variety of trees along the stream, building small check dams and 
adopting measures like bank stabilisation to protect their rivulet147. In Ram 
Nadi, which faced maximum problems due to floods, citizen committees 
have been formed which are taking very active part in protecting the 
riparian corridors of their rivulet.

Despite these welcome efforts by citizens, the Pune Municipal Corporation 
has taken to channelizing and narrowing the streams and rivulets in the 
city, under the guise of a centrally-funded River Restoration Project. 
Citizens have again come together and have filed a Public interest case 
in the High Court, protesting against channelization and concretisation of 
streams, which will only aid land grabbing, while increasing the velocity 
of water and resulting in more erosion downstream. They have also 
demanded for a well-protected riparian corridor along all the rivulets 
and rivers in the city. In a remarkable decision, the Bombay High Court 
has currently issued a stay order on all infrastructure activities related to 
river restoration and storm water drainage in the city till studies prove 
that they will not harm the riverine ecology.

146 Mukhopadhyay Partho et al, Climate Change & Urbanisation in India in Dubash (2012)
147 ‘Dams, Rivers and People Aug-Sept 2010, Page 10
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India’s population as per the 2011 census. Number of Towns in India went up from 1916 in 
1901 to 2422 in 1951 to 4689 in 2001. Tamil Nadu has the highest level of Urbanisation at 
44%. A significant part of the increase urban population is happening in urban poor. Among 
urban populations, women are disproportionately vulnerable to climate change; they bear 
the biggest burden of its consequences and simultaneously lack adaptive capacity. A focus 
on poor urban women is perhaps significant as one of the most vulnerable populations – 
most at risk – is said to be in cities, living in slums, squatter and migrant population and 
other informal settlements.

The 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 storm-water drainage infrastructure of grossly 
inadequate carrying capacity along with increased intensities of rainfall are the main causes 
for the frequent urban flooding witnessed in India in recent years.148

Box 9
Lake Protection Efforts in Bangalore

Bangalore lies in a semi-arid region and the city’s numerous man-made lakes were once its source of drinking 
water. The lakes added to the city’s biodiversity, had socio-religious uses, and supported traditional professions like 
fishing. Completely rain-fed, these tanks were interconnected through a network of canals, to prevent flooding. 
According to the Bruhat Bengaluru Mahanagara Palike (BBMP), Bangalore’s municipal body, the city had 280 tanks 
in the 1960s. The number today stands at 183. Where have all the lakes gone? Says Leo F Saldanha, Co-ordinator 
of Environment Support Group, a city-based NGO, “We have lost over a 100 lakes due to encroachment and 
pollution caused by reckless mismanagement of sewage.”

There is some success in saving lakes now, however. Usha Rajagopalan, a writer, is the chairperson of the Puttenahalli 
Neighbourhood Lake Improvement Trust (PNLIT). Puttenahalli Lake was an unspoiled water body not very long 
ago. Following Rajagopalan’s efforts, along with others, the municipal body kicked off the rejuvenation effort at 
the lake in 2009. In May 2011, the lake was handed over to the PNLIT for maintenance. By November 2011, 
more than 40 bird species had been spotted at the lake. A similar success story is to be found in east Bangalore’s 
Mahadevpura, where the citizens’ trust, Mahadevpura Parisara Samrakshane Mattu Abhivrudhi Samiti has worked 
with BBMP on restoring lakes in the area. While there are a few positive instances of lake rejuvenation in the city 
today, issues of sewage contamination and illegal encroachment of lakes and rajakaluves largely remain unsolved. 
On November 22, a local councillor ordered the illegal draining of Yediyur Lake, a well-known water body in the 
city, to put up a statue. Prompt citizen resistance put a quick end to this. Several people jumped into the lake to 
close the breach, forcing the councillor to reconstruct the dam the same evening.

But it hasn’t always been smooth sailing for the city’s water worshippers. In 2007, Bangalore saw many protests 
when the Lake Development Authority (LDA), a government body created for the protection of the city’s lakes, 
entered into agreements with private firms for the development of four lakes across the city. In April 2008, ESG 
filed public-interest litigation challenging LDA’s lake privatisation move. The Karnataka High Court appointed a 
committee under the chairmanship of Justice N K Patil to look into the matter of lake restoration. Three years later, 
the committee strongly recommended that “private sector participation solely based on consequential commercial 
interest is not a desirable model”.149

148 Implications of Climate Change for Water Resources Management by Prof P Majumdar in India Infrastructure 
Report 2011: Water: Policy and Performance for Sustainable Development, Oxford, Delhi

149 http://business-standard.com/india/news/demandingrefill/459539/
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Big cities are increasingly going farther and farther away for tapping water resources for 
its seemingly insatiable thirst. This is not sustainable, equitable or climate friendly. Cities 
must be made to use its available local sources, including rainwater, local water bodies 
and groundwater in a sustainable way, the waste water must be treated to recyclable level 
and a cap must be put on how much water a city can get. The massive Renuka dam on 
Giri River in Himachal Pradesh, being proposed for the water requirement of Delhi, is 
an example of inappropriate water project for an already water rich city. For example, the 
Planning Commission document Integrated Water Management Policy and Actions dated 
May 2009 says, “Delhi, for instance, has more water per capita than Paris.”150

Box 10
Climate Friendly, Cheap, Fast, Viable Sewage Treatment Plant

The untreated sewerage water of the cities is a big problem with its stink making life a hell for everyone. The Sutlej 
is totally black and stinking beyond Ludhiana, as the city’s effluents along with the untreated sewerage water fall into 
it through Buddhah Nullah. The Malwa belt, where people use this water for drinking purposes, today is marred 
by cancer. None of the statutes or government dictates has cured this malaise. A solution to this multi-faceted 
problem is a unique sewerage treatment plant, which the noted environmentalist and the man behind the cleansing 
of Kali Bein, Sant Baba Balbir Singh Seechewal, has indigenously designed and built on about six acres of land 
near Dasuya town in Hoshiarpur district at a measly cost of about Rs 18 lakh. The plant, built in one month, has 
in the first leg three 11 ft-deep wells with a diameter of 30 ft, 20 ft and 15 ft respectively and six adjoining ponds 
of 170 ft x 100 ft in the second leg, all built at the height of about 12 ft from the ground level. Thick sewerage 
water from the open nullah is thrown through two pump sets in the first well from a height by scattering it on a 
platform for aeration. It then swivels in the well and enters into the second and then into the third one.

Sewerage water loses its thick slurry in the bottoms of these V-Shaped wells from where it is separated with the 
help of a pre-laid underground pipe and taken aside in the open beds. After drying, this slurry becomes very 
fertile capable of growing vegetable and flowers in flower pots and kitchen gardens. The water from the wells 
then moves to the adjoining larger ponds of 170 ft x 100 ft, three of which are built in a row and gets purified 
automatically as it moves from one pond to another, losing its stink after the second pond. After passing through 
the first three, water enters into the set of other three ponds parallel to the first ones. In the fifth and sixth ponds, 
the water is crystal clear and fit for irrigation with all the healthy nutrients in it. From here it is channeled to a 3 
km underground pipeline taking it to the adjoining fields for irrigation. The tilt of wells and ponds is so designed 
that the water moves automatically with the gravitational force.

Daily around 10 to 12 lakh liters of sewerage water of Dasuya, having a population of around 20,000, falls into this 
sewer and irrigates around 300 acres of crop of wheat post-treatment. Farmers who use this water are a happy 
lot as they have stopped using ground water for irrigation and their yield has shot up by 30 to 40 per cent due to 
this nutrient rich water. Roughly, it increased the output of wheat by around 180 tonnes and that of paddy by 240 
tonnes last year from these 300 acres, which means an additional income of Rs 40 lakh to the farmers. Their fertiliser 
consumption has also fallen to around one-third of what they used earlier and approximately 60 tonnes of urea and 
30 tonnes of DAP was saved in a year, which means a net saving of about Rs 6 lakh on account of fertilisers.

Since the farmers have stopped using groundwater, the water table has also gone up in the area. This plant can be 
seen a model for solving the sewer woes of other towns, the huge economic and environmental advantages coming 
in as a bonus. Punjab today has 134 municipalities and three corporations with a population base of about 85 lakh. 
The cities of Punjab put together have a capacity to irrigate 1,25,000 acres of land, thereby increasing the output 
of wheat and paddy by 37,500 tonnes and 50,000 tonnes respectively, which means an additional income of about 
Rs 80 crore to the farmers. They will also save around Rs 24 crore from fertiliser expenses. It will stop polluting 
the water bodies and ground water and the people will be spared of diseases caused by impurities in water. There 
is no better solution to the problem of water pollution in Punjab than these low-cost treatment plants.151

150 www.sandrp.in/otherissues/Massive_Displacement_and_Degraded_Ecosystems-Long_Shadows_of_rapid_
Urban_Growth.pdf

151 Dams, Rivers & People, Feb March 2010, page 8: http://www.sandrp.in/drp/DRP_Feb_March-2010.pdf
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Mumbai, India’s financial capital is constructing and planning more than 8 large dams 
in the global hotspot of Western Ghats which will submerge more than 14000 hectares of 
farm land and forest in the eco sensitive, proposed global heritage area, including a National 
Wildlife Sanctuary. They will displace more than 25000 tribals from their habitat and sources 
of livelihood, without any mitigative provisions. Mumbai has encroached upon its rivers 
and generates more than 2700 MLD sewage, more than 70% of which goes untreated to 
the Arabian Sea. 

India’s climate action plan India’s NAPCC or NWM throws little light on Urban 
Water issues. Under the National Mission for Sustainable Habitat152, three fourths of the 
investment of over USD 11 billion planned over 2010-2017 is shared equally between new 
water supply and sewerage connections and water saving through replacement of pipes. 
Focus on reuse of water, though mentioned in NMSH, is still nascent.153

The NMSH notes, “Further, sewage treatment plants are vulnerable to floods or sea 
level rise, as these are often located near rivers or seas. Where the sewer outfalls are in the 
sea, sea-level rise will affect the functioning of such systems. Storm water drainage systems 
could become frequently overloaded and cause flooding if heavy storms become more 
frequent due to climate change. The impacts of inadequate drainage systems in cities like 
Mumbai are already being felt leading to flooding and huge economic losses.”

Cities destroying Rivers: CPCB Rivers, lakes and other water bodies in urban India are 
going to waste, with untreated water flowing into them like never before. Nearly 90% of 
the liquid sewage — 38,254 million litres — generated daily by cities that flows into streams, 
rivers and sea doesn’t meet environment norms. Water should be of bathing quality to meet 
the standard. Water waste generated by cities, where 36%t of the country’s people live, is 
polluting over 70% of the water sources, says a report by the Central Pollution Control 
Board. India can treat 11,500 million litres of waste water every day — 31% of what is 
generated. Poor maintenance, however, leaves only 39% of it up to the environment norms, 
the report with data from 908 cities says. The problem is much bigger, as only 38% of the 
population in these cities has access to sanitation and 78% to clean drinking water. Urban 
sewage was extracting a huge ecological and public health cost because of increasing water 
pollution. “The cities are polluting their future drinking water sources,” it warned.

Emerging cities such as Varanasi, Faridabad, Agra, Surat and Cochin have been identified 
as danger zones, generating 68% of the total waste without any treating facility. However, 
the report claim that Hyderabad, Vadodara, Chennai, Ludhiana and Ahmadabad can treat all 
of their sewage is doubtful. In the remaining 900 cities, the capacity varies from 5-60%.

The study says that the sewage water has nutrients like nitrogen and Phosphorus. If 
an economic value were to be assigned to the fertilising potential of this wastewater, Rs 
1091 million is being lost annually.154

An example of failure Chennai Waterways Project provides an example of a poorly 
managed infrastructure project related to climate resilience. Aimed at alleviating floods, 
reducing water pollution, resettling families living along the banks, and preventing pollution 

152 http://urbanindia.nic.in/programme/uwss/NMSH.pdf
153 Mukhopadhyay Partho et al, Climate Change & Urbanisation in India in Dubash (2012)
154 Dams, Rivers & People, Dec 2009-Jan 2010, page 24: http://www.sandrp.in/drp/DRP_Dec_2009-Jan_2010.

pdf
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of the waterways, the project suffered from poor coordination between implementing 
agencies. It failed to stop inundations and sewage contamination, clearly lessening resilience 
to extreme climatic events.155

The Pallikarani marsh (near Chennai) and the Buckingham canal used to play a significant 
role in moderating the floods in south Chennai. Recently, the marsh has been considerably 
encroached on, its storage capacity has reduced156. Such reduction in the natural recharge 
options increases the runoff and makes the city more prone to inundation.

Broad outline of options Urban centers first need to exhaust the options of reducing 
huge transmission and distribution losses (most cities have more than 45% losses on this 
account), rainwater harvesting, groundwater recharge, protection of existing local water 
bodies (see Box 8 & 9 for example), relocation of non essential water intensive activities 
(e.g. soft drinks or water bottling plants), banning water wasteful activities in deficit areas 
(activities like golf courses), treatment and recycle of wastewater, demand side management 
and participatory & democratic governance. Decentralized waster water treatment facilities 
(see for example Box 10) should be the norm.

The decentralized systems would also be less energy intensive, less cost intensive, more 
efficient and is actually likely to lead to more recycling of the treated water. If bottom up 
participatory governance is put in place, all these objectives would be easier to achieve. 
Without achieving these objectives, the urban centres should not be allowed to be given 
any water from outside the areas. Legal action in any case should follow when a city is 
unable to treat the wastewater it generates as also if other norms are violated. There could 
be incentives when each of these norms is achieved and disincentives when they are not.

155 Query: Enhancing Capacities of Urban Poor Women to Adapt to Climate Change – Advice, Examples, 
April 2011: ftp://ftp.solutionexchange.net.in/public/wes/cr/cr-se-gen-watr-18011101.pdf

156 Cities and towns, beware water woes, The Hindu, March 27, 2011
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Delivering the Budget Speech on 28 February 2011, India’s Finance minister, Pranab 
Mukherjee said, 

“…we have to sustain agricultural productivity in the long run. There has been 
deterioration in soil health due to removal of crop residues and indiscriminate use of 
chemical fertilizers, aided by distorted prices… To address these issues, the Government 
proposes to promote organic farming methods…”

These newly discovered words of wisdom reminds one of a passage from the 
wonderfully humourous and one of the most powerful political satires in Hindi literature 
Raag Darbari158

^mu fnuksa xkao esa ysDpj dk eq[; fo"k; [ksrh FkkA bldk ;g vFkZ dnkfi ugha fd igys dqN 
vkSj FkkA okLro esa fiNys dbZ lkyksa ls xk¡o okyksa dks Qqlykdj crk;k tk jgk Fkk fd Hkkjro"kZ 
,d [ksfrgj ns'k gSaA ---?kwe&fQjdj ckr ;gh jgrh Fkh fd Hkkjr ,d [ksfrgj ns'k gS] rqe [ksfrgj 
gks rqedks vPNh [ksrh djuh pkfg,] vf/kd vé mitkuk pkfg,A izR;sd oDrk blh lUnsg esa 
fxj¶+rkj jgrk Fkk fd dk'rdkj vf/kd vé ugha iSnk djuk pkgrsA*

Just as the speakers in this novel, written in 1968, lectured the villagers about the need 
to grow more food, “labouring under the suspicion that farmers did not want to grow more 
food”, the Government of India is now trying to “promote” organic farming methods, 
probably believing that farmers do not understand the importance of this. However, even 
if comes as a surprise to the Government, farmers have long been aware of the serious 

Organic	Farming:	The	Best	Adoption	Measure?157
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157 This chapter is written by Shripad Dharmadhikary of Manthan Adhyayan Kendra, for this report. 
158 Shukla, Srilal 1968: ‘Raag Darbari’, Rajkamal Prakashan, New Delhi: Page 57-58. The text roughly translates 

as: “In those days, the main topic of lectures in the villages was agriculture. This does not mean that earlier 
it was ever anything else. Actually, since the last few years, the villagers were cajolingly told that India is an 
agricultural country. Again and again, the discussion came back to ... India is an agricultural country, you 
are a farmer and you should do good farming, you should grow more food. Every speaker was labouring 
under the suspicion that farmers did not want to grow more food.”

Case study 1  by Shripad Dharmadhikary
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problems caused by chemical farming, in particular the extensive use of chemical fertilisers 
and pesticides. 

In the late 1980s, when I was working as an activist in the Nimad region in M.P. on 
the banks of the Narmada river, where chemical farming had spread extensively since about 
a decade, the farmers were already aware and worried about the impact that high doses 
of fertilisers was having on their soils. Moreover, almost every farmer had a small patch 
in his or her land where he/she would grow produce for home use. This patch was kept 
free from all chemicals, but especially pesticides, as against the areas from which produce 
was sold to the market, where use of chemical inputs was extensive.

In the early 2000s, I travelled widely in Punjab and Haryana, considered agriculturally 
the most advanced states in the country. Everywhere we went, farmers told us how they 
have to keep putting more and more fertilisers to maintain yield; more and more pesticides 
to control the pests. But the soil was not responding. This is not the law of diminishing 
marginal returns. More inputs are required to maintain the same level of returns. The soil was 
deteriorating. A number of studies and reports confirmed the farmers’ experiences159. 

The problem is not that farmers have been unaware of the ecological and economic 
costs of chemical farming, but that they have been locked into it in spite of this knowledge, 
due to a series of policy and market conditions.

It is only in the recent years that the Government has been trying to promote and 
encourage a move to organic farming. It appears that at least part of this drive is due to the 
concerns of global climate change. Chemical fertilisers rely largely on fossil fuels resources 
for the raw material, and their production and use results in significant green house gas 
emissions. One set of calculations by Greenpeace show that emissions from manufacture 
and use of synthetic nitrogen fertilisers represent six percent of India’s total emissions160. 
Shifting to organic fertilisers could reduce this considerably. Greenpeace estimates that 
these emissions could reduce to 2% of India’s total emissions.

However, I would argue that this benefit should be counted as an incidental benefit, 
and not a justification for this shift. It is the so called developed world which is primarily 
responsible for the problem of climate change, and it remains their primary responsibility 
to address it by reductions in emissions. However, organic farming offers other very 
important advantages to India, and can be construed as a no regrets strategy, in which the 
other advantages are sufficient reason to shift to organic farming.

While some of the advantages of organic farming are now well known, like improvement 
of soil fertility, healthy food products free from contamination, there are some benefits 
that are still not fully appreciated. This article tries to explore these lesser known aspects 
mainly by understanding the experiences of actual practitioners of organic farming.

In order to do that, this author interacted with two farmers, working in different settings. 
One of them is Gorus, a farmers’ cooperative consisting of about 25 farmers, each with a 
small patch of land totalling to 6 acres. These farmers grow more than 30 types of organic 
vegetables and market them in Pune to a dedicated group of consumers. Gorus farmers 

159 Recorded and narrated in Dharmadhikary, Shripad 2005: ‘Unravelling Bhakra’, Manthan Adhyayan Kendra, 
Badwani. Available on www.manthan-india.org

160 Greenpeace 2009: ‘Subsidising Food Crisis’, Greenpeace, Bangalore. Available at http://www.greenpeace.org/
india/press/reports/subsidising-food-crisis
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also have another 12 acres or so under pulses and cereals. Another person interviewed 
was Mukesh Jat, a young farmer and activist, who apart from growing organic wheat and 
other produce, also makes vermi-compost for sale. He also works with large number of 
farmers to popularise organic farming and train them with the required skills, mainly in 
the Nimad area of Madhya Pradesh. While Mulshi, the area where Gorus is working is a 
heavy rainfall area, Nimad is a moderate to low rain fall area.

One of the first issues discussed was the issue of water and organic farming. It is 
interesting that all the farmers – across these diverse rainfall regimes – were in agreement 
that organic farming leads to reduced use of water for growing crops. The reasons extended 
by them for this also were similar. Essentially, they all said that use of organic manure, 
compost etc over a period of time increases the water retention capacity of the soil. As 
the soil holds moisture for a longer period of time, less external water supply is needed. 
Another important reason is that chemical fertilisers need higher quantities of water to 
dissolve them.

The savings in water can be substantial. Ashwin Paranjpe of Gorus mentioned that in 
winter and summers, organic farming needed about 25% less water than conventional farms 
and if drip irrigation was used, then it needed almost 50% less. Mukesh Jat also confirmed 
that even water intensive crops like banana and sugarcane needed less water. 

These findings are also substantiated by studies. For example, a comparative study 
of certified organic and inorganic sugarcane farmers in Maharashtra161 found that “Two 
very broad indicators (irrigation cost and farmers’ estimates) can be used in the absence 
of actual measured data to assess the water-use for irrigation on OSF [Organic Sugarcane 
Farm] and ISF [Inorganic Sugarcane Farm]. The costs incurred by OSF sample farmers 
on irrigation as well as the irrigation cost per unit of sugarcane production were observed 
to be substantially lower on OSF than ISF, implying less use of water for irrigation.” The 
study found that the OSF farmer spent almost 21% less on irrigation. Moreover, the study 
noted that “the sample farmers’ estimates have shown that OSF needs about 500 mm less 
water as compared to that by ISF.”

These are huge savings in water. While the exact savings in water need to be studied 
in a more extensive manner and through more quantitative studies, it is clear both from 
farmers’ experiences and from the studies available that these saving will be substantial. 
This single aspect can be reason enough to make a big shift to organic farming.

Mukesh Jat adds another dimension to this aspect. He said that with better soil water 
retention and hence longer lasting soil moisture, the crop also grows for a longer period. 
He narrated his experience of wheat, where the wheat on his farm took 15 -20 days more 
to mature than those of the neighbouring farmers. As a result, he says be got a much 
better and fuller grain.

This aspect – use of less water or increased water retention of the soil, is also very 
important from the adaptation to climate change point of view. As climate change leads to 
higher temperatures, and more variations in precipitation, increased retention of moisture 
in the soil provides greater capacity to the system to face these variations. On the other 
side, if climate change leads to decreased water availability, particularly in the lean season, 

161 Greenpeace 2009: ‘Subsidising Food Crisis’, Greenpeace, Bangalore. Available at http://www.greenpeace.org/
india/press/reports/subsidising-food-crisis
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then the increase soil water retention can help mitigate the same to a significant extent.
While this author would argue that India need not take up emission reduction targets, 

it is certainly necessary for us to be prepared to face the consequences of climate change. 
In this case, adaptation can be achieved as an additional benefit of a strategy that we need 
to anyway adopt for our national objectives. Further, this can be done without depending 
on external (climate) financing and conditionalities.

According to all the farmers I spoke with, the increased resilience of organically grown 
crops to water stress is only one example of the larger resilience developed by the organic 
cropping system. Paranjpe mentioned that those who have used SRI (System of Rice 
Intensification) with organic farming find that the lodging is lesser. He also felt that with 
climate change leading to increased intensity of precipitation, organic farming would help 
the crop withstand the same as the soil is spongier. 

The study by Kshirsagar (2006) too notes that yields are more stable (lower coefficient 
of variation) in the organic sugarcane system than in the inorganic one, indicating a certain 
resilience. 

Therefore, one can argue that just these two benefits – water saving and resilience – 
are strong reasons to shift to organic farming based purely on domestic priorities, without 
climate mitigation considerations. As the same time, they offer great benefits in terms of 
adaptation to climate change. 

However, there are several questions raised about the feasibility of a shift to organic 
farming on any large enough scale. Two key issues raised are that organic farming does 
not give yields of the same level as those obtained with the use of chemical fertilisers, and 
second, that there is not enough organic input available if there is to be a significant shift 
to organic farming. 

The feedback of farmers in this respect is interesting and offers good policy insights. 
Paranjpe said that even if the yield of grain reduces, the total biomass productivity will 
increase on the field, or at least it will not reduce. This is also a well known criticism of 
the Green Revolution itself, which says that the green revolution practises focussed only 
on increasing the yield of the grain at the cost of other biomass. If we can use the diverse 
biomass produce (in the form of fodder, other food products etc), then organic farming 
systems will not suffer from the yield disadvantage. Mukesh Jat asserted that he and the 
farmers he was working with were getting good yield. Though the yield in the initial years 
was lesser than the inorganic system, it went up in a few years. Kshirsagar (2006) also notes 
this, though in his own sample the organic sugarcane yields were 7.17% less. 

In any case, with yields on many farms in India, especially in the rainfed areas being 
low, organic farming offers an important means of boosting these yields with less cost and 
less risk to the farmer. 

As per the National Rainfed Areas Authority (NRAA)162, 

“…rainfed agro-ecologies contribute 60% of the net sown area, 100% of the forest, 66% 
of the livestock and provide livelihood, income, employment and environmental security. 
About 84-87% of pulses/minor millets, 80% of horticulture, 77% of oil seeds, 66% 
of cotton and 50% of cereals are cultivated under the un-irrigated conditions. Rainfed 

162 Web site of the NRAA http://nraa.gov.in/
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areas are complex, diverse, fragile, under-invested, risky, ethno-economically unique and 
distress prone.”

Thus, about 60% of India’s net sown area is rainfed. According to a report by the 
NRAA, 40% of our population depends on them163. This makes the rainfed areas very 
significant. However, as the NRAA states (above), rainfed areas are also very fragile and 
distress prone. One the main reasons for this fragility is water, often with water itself being 
scarce, or the availability being uncertain. 

Given this, organic farming is not only a useful option, but rather an imperative for 
these areas. As we have seen, organic farming can help reduce water use and by improving 
soil water retention, organic farming increases the moisture retaining capacity and the 
resilience of the system. Such an improvement can lead to tremendous benefits, including 
yield improvement, in rainfed areas. 

The second issue of availability of organic inputs was also answered by the farmers in 
a similar way. They insisted that the farmer must grow and prepare the inputs – at least 
most of them – on his farm, and they should not be purchased inputs. Having to purchase 
organic inputs in a significant scale will defeat the very strength and rationale of organic 
farming. Paranjpe also mentioned that the shift would take time. One of the important 
things would be to increase the cattle population of the country. 

One big advantage of growing inputs on farm would be the cost factor. Producing 
these inputs – manure, vermi-compost, neem extract, mulch etc – will cost much less than 
inorganic fertilisers. Paranjpe said that in their experience the cost incurred by the farmers 
in their cooperative on organic farm inputs were comparable to the costs of those used 
by inorganic framers. But this did not consider the large direct subsidy on the cost of the 
chemical fertilisers and the other implicit social and environmental costs.

Another advantage of producing one’s own inputs is that farmers would be assured 
of genuine products of good quality. Mukesh Jat said that currently farmers are badly 
affected by the large number of spurious inputs available in the market. They pay heavily 
to purchase these inputs, and end up not getting the results. 

Given this, neither of these two issues appears to pose any insurmountable difficulties. 
Yet, Government efforts today to promote organic farming do not even scratch the surface. 
The elements stated as key to effecting this shift also offer important insights. Mukesh Jat 
said that farmers need to have proper guidance in terms of what inputs are appropriate, 
and how to produce them, including organic fertilisers and pest control solutions. This 
according to him was one of the most important issues. Paranjpe said that organic farming 
did not need a subsidy from the government per se, but it was necessary that the subsidy 
on chemical fertilizers should be phased out completely in the next 5 years. This money 
should instead be used for creating taluka-level markets, bring more transparency in market 
transactions, and possibly introduce quality control measures for testing pesticide-residue, 
nitrate content in farm produce, and contamination testing. In fact, he emphasised that one 
of the most important parts of their farmers’ cooperative was the assured price and off 
take for the farmers. Thus, developing a good and assured market would be the critical 

163 Food Security, Energy and Water Nexus in India. Accessed 14 Marc 2011 http://nraa.gov.in/Challenges_
Food%20Security.pdf Page 5
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issue for spread of organic farming. In fact, he said that a lot depends on the consumer 
response and public support too.

It should be noted in this context that the Minimum Support Price mechanism and 
the assured off take in the form of government procurement has played a very critical and 
important role in establishing the ‘success’ of the green revolution.

While Paranjpe says that organic farming does not need subsidies, so long as subsidies 
continue on the chemical inputs, there will be a need to support organic farming to create a 
level playing field. Moreover, organic farming will need several incentives to help it spread. 
The key measures include creating awareness and promoting organic farming, providing 
knowledge, information and guidelines to farmers to prepare their own inputs and for other 
techniques of organic farming, and to provide market support. All of these will require 
significant support from the Government, including financial support. However, what the 
Government is doing today is only a fraction of what is needed. If the Government is 
serious about promoting organic farming and not just paying lip service to it, it will have 
to increase several times the financial and other support.

International climate negotiations should also take cognisance of the huge climate benefits 
of organic agriculture, especially in for adaptation. This recognition can and should also 
lead to additional support for organic agriculture. 

Thus, it is clear that organic farming offer huge benefits to the farmers, the consumers 
and the nation in addressing the issues of water scarcity, health, productivity, sustainable 
livelihoods for farmers and food security. Along with this, it also offers substantial 
benefits on the climate front, in terms of reducing emissions, but more importantly, in 
making agriculture more resilient and offering protection from increased variability and 
vulnerability. It is arguably one of the best adaptation options with multiple benefits on 
social, environmental and economic fronts. 

Shripad Dharmadhikary 
(manthan.shripad@gmail.com)
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Forest – Agricultural Plantation Settings in the 
Western Ghats165

11

Case study 2 by Dr. latha Anantha and S. unnikrishnan

Western Ghats – Climatically critical for freshwater It is indeed very strange that 
the Government of India’s Climate Change Action Plan (National Action Plan on 

Climate Change, NAPCC) has not considered sustaining Western Ghats Ecosystems as one 
of its Missions. In fact the 4 x 4 Sectoral and Regional Assessment Report of the Indian 
National Network for Climate Change Assessment (INCCA) released in November 2010 
has tried to assess the climate change impacts on water and agriculture in the Western Ghats 
region. Along with the Himalayas, the North Eastern region and the Coastal plains, the 
report recognizes the Western Ghats as one of the four climatically important regions in 
India. The mountain range extending 1600 km along the West Coast from North to South 
through the states of Goa, Maharashtra, Karnataka, Tamil Nadu, Kerala and touching the 
tip of Gujarat is another equally significant landform in India like the Himalayas in terms 
of climate regulation and hydrology.

The Western Ghats, one of the 24 Biodiversity Hotspots and eight ‘hottest biodiversity 
hotspots’ in the world covers an area of 0.16 million sq.km. This ancient land mass of Pre 
Cambrian origin though occupies less than 6 percent of the total land area of India, contains 
more than 30 percent of all plant, fish, reptile bird and mammal species found in India. It 
is a largely mountainous area that intercepts the South West Monsoon and receives between 
2,000 and 8,000 mm of annual rainfall within a short span of three to four months. The 
western slopes of the mountains experience heavy annual rainfall, while the eastern slopes 
are drier; rainfall also decreases from south to north. Hence there is significance difference 
in the vegetation and forest types as one travels from South to North and from the west 
to east facing slopes.

164 See,	 for	 example:	http://canadians.org/blog/?p=9430,	 accessed	on	December	7,	 2011
165 The paper is partly based on a study titled, ‘Agro – eco – degradation, changing climate and water scarcity 

– A Preliminary Assessment of Water Utilisation in the Agricultural Plantations in Karappara Tributary 
Catchment of Chalakudy River Basin, Kerala’ based on a one year field study carried out in the Nelliyampathy 
region of the Southern Western Ghats during 2007-08 period. The study was made possible due to the 
support from SVARAJ, Bangalore. The study was carried out by Dr. Latha Anantha and S. Unnikrishnan, 
River Research Centre, Kerala. rrckerala@gmail.com

Climate justice and water justice are inter-related. But given water is a human right, and given 
market mechanisms have been foremost in the UNFCCC talks, we reject efforts to include 
water in them at Durban in Dec 2011. We want the UNFCCC to consider the impacts of 
climate change on water, but they need to address the water crisis through the principles 
of water justice and sustainability. We are concerned that inclusion of water in the UNFCCC 
talks would serve to advance the agenda of the Global Water Partnership, that Green Climate 
Fund funding of water-related adaptation projects (to be administered by the World Bank) 
would be problematic, and that it would give leverage for big dams projects, water markets, 
pricing and the false green economy initiatives we are fighting. 

The Council of Canadians164
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The Western Ghats perform important 
climatic, hydrological and watershed functions 
for the entire Peninsular India. Approximately 
245 million people live in the peninsular Indian 
states that receive most of their freshwater 
supply from rivers originating in the Western 
Ghats.

These mountains form the catchment area 
for a complex of rivers and streams that drain 
almost 40 percent of India. With the possible 
exception of the Indo-Malayan region, no other 
hotspot impacts the lives of so many people166. 
Indirectly this mountain range influences the 
well being of the entire population of the 
five southern states of Kerala, Tamil Nadu, 
Karnataka, Goa and Maharashtra through modulating climate, river water flow, ground 
water recharge; adding fertility to river valley and delta soils, providing a wide range of 
natural produce for the really impoverished population167. Major East flowing rivers like 
Cauvery, Krishna and Godavari though originate in the Western Ghats are fed through 
ground water discharges and are supplemented by monsoon rains in the plains. These rivers 
have very limited flow during non-monsoon periods. Meanwhile, the west flowing rivers 
have a higher flow rate due to higher precipitation over the western face of the Western 
Ghats. (Picture above of Karappara river in summer, March 2010)

High Altitude Areas in the Western Ghats - Climatically Critical for 
Plantation Crops 

There is an inextricable link between the climate, precipitation and agricultural systems 
evolved in the Western Ghats region, as in any other place. The Western Ghats has witnessed 
much landscape changes which have accelerated during the last 200 years. Vast areas of 
prime forests in the Western Ghats were cleared from the beginning of the 19th century 
to establish plantation crops (also known as cash crops). The rich forest humus, good soil 
and atmospheric moisture, hundreds of hills streams originating from prime rainforests 
and montane shola grass lands, heavy rainfall, low diurnal variation in temperature made it 
congenial for the establishment of plantation crops on a commercial scale in this region. There 
was seldom any need for irrigation given the congenial climate and water availability. 

Hill agro ecosystems in the Western Ghats are today dominated by tea, coffee, 
rubber, and monocultures of various species including the recently introduced oil palm. 
The high altitude (600 – 2500 m MSL) areas are occupied by plantation crops like tea, 
coffee and cardamom. Meanwhile not so high altitude requiring crops like rubber, pepper, 
ginger, cocoa, cloves, turmeric etc occupy the midlands and highlands (75 – 600 m MSL). 

 166 Anonymous 2007. Western Ghats and Srilanka Biodiversity Hotspot. Western Ghats Region. Critical 
Ecosystem Partnership Fund.

167 Sathis Chandran Nair. 1991. The Southern Western Ghats. A Biodiversity Conservation Action Plan. Studies 
in Ecology and Development Intach Series 4. INTACH. New Delhi.
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Practically the entire cash crops mentioned 
above in Peninsular India is grown in this 
mountain range, and in particular in its 
southern states of Kerala, Karnataka and 
Tamil Nadu due to the congenial climatic 
conditions. At least 14 lakh people depend 
on the plantation sector alone for their 
livelihood in the Western Ghats.

Out of the total area of 5.8 lakh ha 
under tea in India, 1.2 lakh ha (year 2007) 
lies in the three Western Ghats states of 
Tamil Nadu, Kerala and Karnataka. The 
area under coffee (2009 statistics) comes 

to 3.2 lakh ha and that under cardamom 0.74 lakh ha168.
Over the last two decades, a visible drop in the production and productivity of tea, 

coffee and cardamom has been observed. The planters and farmers are linking this to the 
changing regional climate; increasing drought, lowering soil and atmospheric moisture, 
degradation of the surrounding forests, changing rainfall pattern and intensity, drying 
up of forest streams after the rains, soil becoming drier and unproductive apart from the 
fluctuations in market prices. (Picture above of Karappara river in monsoon)

In the following sections, a closer analysis of the changing climate in the high altitude 
areas in the Western Ghats with respect to plantation crops and their water resources 
dependence and the options and coping strategies is discussed. Plantation crops are spread 
over a larger extent of area and their management also requires large scale interventions. 
Also they have occupied the most climatically critical and ecologically fragile areas in the 
Western Ghats; the origins of rivers and their primary watersheds. Though the impact of 
climate change would be equally applicable to other crops grown in this region, these are 
not analysed here in detail.

Climate Change vs Water Resources vs Plantation Crops 

Global and regional climate change is a reality we have to face. However its ramifications 
for different sectors are just evolving. Since they are cultivated in high altitude, high rainfall, 
high humidity and congenial temperature regimes, plantation crops like tea, coffee and 
cardamom were rarely irrigated. The changing climate is altering all that. 

Coffee and tea growers throughout the tropics are already under pressure from climate 
change. Many crops are near their thermal limit, and even a slight change in average annual 
temperature could not only disrupt flowering, but even halt it entirely.

Even though there are not many recorded observations on the impact of climatic 
extremes in the past on crops grown in the Western Ghats area, some of the striking effects 
have been the adverse impact of the drought of 1983 on many plantation crops. The report 
indicates that the temperatures may rise by 1.7° to 1.8°C in the Western Ghats region 
by the 2030s169 Northern areas may experience increase in rainfall while southern areas 

168 Data from Tea Board (2007), Coffee Board (2009) and www.nmce.org
169 MoEF. 2010. Climate Change and India: A 4 x 4 Assessment. INCCA. Government of India
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will remain unaffected. However a decrease in 
rainfall over tropical montane cloud forests of 
Gavi, Periyar, High Wavies and Venniyar is 
predicted. All this would have an adverse impact 
on the cash crops like coffee and tea.

In the Coorg region in Karnataka Western 
Ghats, some areas have seen rainfall drop 
by one-third, from 106 inches / year to 70 
inches, dramatically changing the ecosystem and 
growing conditions. Coffee growers who had 
never given a thought to irrigation in such a wet 
climate have had to dig deep, high-volume wells, lowering the water table in the region.

Studies conducted in the Cardamom Hill Reserve in the High Ranges of Kerala Western 
Ghats found that relative humidity in the region has fallen by 12 per cent, and the days 
have become warmer. The cloudiness over the hills has fallen by an hour, and the difference 
between the warmest and coolest months have narrowed. Many small hill streams have 
dried up consequent to increase in soil temperature. In the 2007 summer, an estimated 
15,000 ha of cardamom plantations were reported to have dried up. The plantations having 
irrigation facilities had also been affected due to drying up of water resources. According 
to the president of the Kerala Cardamom Growers Union, “We used to get on an average, 
one shower every month during summer. But, from November there hasn’t been any rain so 
far”. The plants had dried up due to want of water in turn reducing the output by 25-30 
percent170. (Picture above of water recharge structure in cardamom plantation)

Long term observations and documentation of impacts of climate change on the 
ecologically highly sensitive high altitude areas in the Western Ghats with their forest 
ecosystems, river catchments and plantations is very much needed to arrive at long term 
predictions and evolve adaptation and mitigation measures. The case of Nelliyampathy 
region in the Kerala Western Ghats, though not based on long term observation, touches 
the tip of the ice berg. 

Changing Climate and Water Scarcity - A Case Study of Nelliyampathy 

A short study was carried out in the Nelliyampathy hills region (a typical high altitude region 
in the Southern Western Ghats) during 2007-08 period on the water resources and water 
scarcity in the plantation areas linking it up with climate change in the region. Nelliyampathy 
is a traditional coffee area with most of the coffee, tea and cardamom plantations falling 
within 650 – 1500 m MSL. This mountain range is a heavy rainfall, humid tropical forest 
area. The Nelliyampathies receive both the South West and the North East monsoon, the 
South West being more prominent. As per the plantation estate records, the temperature 
difference in the region varies from a maximum of 30–33°C to a minimum of 15-20°C. 

The study area was limited to the plantations in Karappara catchment (tributary of 
Chalakudy river basin) of the Nelliyampathies. Out of the 7000 odd ha brought under 
plantations in Nelliyampathy region; survey was restricted to the 15 major estates in 

170 Nair G.K. 2007. Cardamom plantations hit by prolonged dry spell. The Hindu. March 29, 2007
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Karappara catchment. Extensive interviews were carried out with the planters, estate 
managers and labourers who have been living there since decades, on the changing climate 
and water scarcity issues in the catchment. 

The plantations use the rain gauge as basis for starting irrigation. The rainfall pattern 
in Nelliyampathy has altered from bountiful rains for seven months of the year to hardly 
three months. In March assured rains are needed for 80 per cent flowering in coffee. 
However, lack of proper summer showers during February-March has started affecting 
coffee blossoming, necessitating sprinkler irrigation to tide over the critical stage. Seasoned 
planters claim that at least 2-3 inches of rainfall was common from November to March 
followed by summer showers. The drought years of 1983 and later 1987 coupled with the 
heavy deforestation of the northern ridge of the Nelliyampathy plateau in the Pothundy 
catchment of the Bharathapuzha river basin in the late 80s to early 90s has been attributed 
as a very significant turning point for the gradual shift in the weather. While the smaller 
estates are able to irrigate their entire coffee to hasten maximum flowering, the larger ones 
are unable to meet the irrigation demand of the entire area. 

Box 11
Congenial Climate is Important for Plantation Crops

The systematic recording of weather data initiated by the British planters and continued by most planters later 
on can possibly highlight the correlations between the rainfall - temperature - wind pattern and production and 
productivity vis a vis the eco – degradation and increasing water scarcity in the landscape.

Rainfall, temperature and elevation are the three most important climatic factors influencing coffee yield. An 
altitudinal range of 600 m MSL in regions like Wayanad in Kerala to around 1500 m MSL in Bababudan hills in 
Karnataka reaching upto 2000 m MSL in the Nilgiris are found suitable for coffee. Coffee needs a rainfall regime 
ranging from 1000 mm upto 4500 mm with average annual rainfall requirement of 1000 - 2500 mm ; well drained 
slightly acidic (4.5–6.5 ph) soils and a tropical humid climate with relative humidity ranging from 70-90 per cent. 
One of the most vital climatic factors influencing flowering and yield in coffee is the blossom showers and backing 
showers. Blossom showers during March to April for Arabica coffee and February to March for Robusta coffee 
determine the rate of flowering and backing showers received one month after the blossom showers during April 
to May determine the setting of flowers to coffee beans171. The mean annual temperature ranges of coffee tracts 
across South India vary from a maximum of 24-30°C and minimum of 15-18°C.

Tea is usually grown from an elevation of 800 - 2000 m MSL in Central Kerala upto 2500 m MSL in the Nilgiris in 
Tamil Nadu. Growth and yield are highly influenced by climate and environmental factors. According to seasoned 
planters, temperature below 13°C and above 30°C is detrimental for tea yield. Well distributed annual rainfall 
of 1500 mm and humidity not below 60 per cent is optimum for tea production. The annual rainfall received in 
the tea growing tracts of South India ranges from 900 mm upto 6000 mm. Prolonged drought, hail and frost are 
injurious to tea plants leading to yield loss.

Cardamom is a tropical rainforest plant of the Western Ghats thriving in a warm humid climate and fairly well 
distributed annual rainfall of 1500-4000 mm. The tropical forest tract extending from Sirsi in Karnataka to 
Tirunelveli in Tamil Nadu and an East to West tract of elevation ranging from 600-1500 m MSL is the home of 
cardamom in the Western Ghats. The plant has been found to grow in a temperature range of 10–28°C with 
40-60 per cent shade for proper growth and flowering Shade regulation is one of the important practices followed 
in commercial cardamom cultivation for proper interception of rain, sunlight and temperature maintenance as in 
original rainforest ecosystems.

171 Coffee Board. 2007. Data base on Coffee. Economic and Market Intelligence Unit, Coffee Board, 
Bangalore
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 The scope for expansion 
of cardamom is diminishing 
in Nelliyampathy. According 
to Spices Board norms, 
cardamom needs 35 - 45 
mm equivalent of rain by 
sprinkler/ fortnight or 
4-6 litres/ plant / day by 
drip irrigation in order 
to maintain the required 
humidity. Regular irrigation 
of cardamom was unheard of 
in Nelliyampathy. However, 
over the last 15 years, the 
estates are forced to irrigate cardamom every year from November onwards. Irrigation is 
adding heavily to the Cost of Production. Large growers are finding it extremely difficult 
to sustain cardamom production due to the high requirement of water, increasing cost of 
production and other inputs. 

As for tea plantations, two of the major estates have started irrigating sections of their 
plantations since 1990s using water stored in check dams. The considerable decline in soil 
moisture has been pointed out by the management as the reason necessitating irrigation. 
The wind character has also shifted with the winds becoming drier and desiccating removing 
the moisture from the soil and atmosphere, the planters point out. 

At least 30 years back, water was available in each padi (the plantation labour colonies) 
in plenty. However, over years, water scarcity has been increasing. All the estates surveyed 
presently depend either on the hill streams originating from the catchment, or the Karappara 
Aar directly or open wells constructed in the estate valleys (swamps) for both irrigation 
and drinking water needs. As for the hill streams, water collected into check dams or ponds 
is let into water tanks or directly through pipelines by gravity flow. Many of the streams 
flow through two to three estates before they drain into the Karappara Aar.

Presently, the plantations located at higher elevations and on ridge lines depend on 
the check dams constructed across the hill streams. The downstream estates depend on 
open wells or draw water directly from the Karappara Aar. Irrigation generally starts in 
November immediately after the North East monsoons and extends upto May depending 
upon the receipt of summer showers and the water availability in the check dams, in the hill 
streams and the Karappara Aar. The plantations are finding it very difficult to irrigate the 
entire cardamom or coffee even one round. Most of the plantations use sprinkler irrigation 
systems. Usually 7-8 sprinkler units are installed which is operated for 3-4 hours / acre 
to provide at least 3.5 cm or 1” rainfall after which the entire unit is shifted to the next 
section of the plantation. Maximum three shifts are taken in a day of 8 hours working time 
to irrigate 2.5–3 acre / day. As for mist irrigation, the system operates at single plant level 
with around 30-35 litres of water provided to each plant in a shift. A local temperature of 
18°C has to be maintained in the cardamom plots equivalent to that inside the rainforest 
for providing the ideal situation for flowering which is provided through mist irrigation.

Drainage map of Chalakudy river basin showing Karappara (a tributary of 
Chalakudy River) Catchment in grey shade
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The Karappara Aar has 
started drying up in summer 
due to heavy withdrawal of 
water by many plantations. 
The numerous check dams 
constructed for irrigation 
and drinking water needs 
of the plantations across 
the hill streams joining 
Karappara also dry up by 
March creating a drought 
like situation.

Climate change, 
water scarcity and land 
degradation are taking their 
toll on the yield of tea, 
coffee and cardamom. Some 
estates revealed that over the 
last 15 years, coffee yield has 

declined from 400 kg/ acre to 140 kg/acre. The major plantation company in the area has 
registered an overall yield reduction in coffee by 28 per cent and 20 per cent in tea due 
to a combination of change in rainfall, winds, temperature, soil and atmospheric moisture, 
forest cover, extended drought and water scarcity.

The globalization of the market has also affected export dependent crops like tea, 
coffee and cardamom to a large extent. Price fluctuations and competition with external 
markets has made this sector highly vulnerable and many plantations have been forced to 
cut down on overhead costs and labour. Lock outs, migration of plantation labour to other 
livelihoods and increasing cost of production has to be linked together with the problems 
created by climate change and eco – degradation of tropical high altitude regions in the 
Western Ghats. 

Adaptation Strategies 

More studies would be required before concrete conclusions can be drawn on the long and 
short term impacts and wider ramifications of climate change on water resources in the high 
altitude Western Ghats region. However one can state with conviction that technological 
strategies with respect to water sector to cope with climate change should be complemented 
by improving the biomass, reviving land and water resources, eco – restoration of plantation 
landscapes in the Western Ghats. 

In the high altitude plantation landscape in the Western Ghats, the topography is 
undulating and the terrain is inhospitable in many areas. For such high altitude areas there 
no short cuts to provide water in tanker lorries or any other such facilities as is incorrectly 
practiced in the plains and midlands. Rather than technological options, taking up in situ 
watershed based and agro – ecological principles based water conservation measures would be 
the viable long term options. However it would need a long term, well drawn out plan and 
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joint efforts of all the different communities living in this region. In other words plantation 
managements, labourers, farmers, local self governments, Forest Department, Agricultural 
Department, and NGOs etc. would have to join hands to revive the watersheds. Some 
important strategies that can be taken up in the Western Ghats landscape are discussed 
here. The strategies are outlined at plantation level and at upper catchment level.

Plantation Level Interventions in Water Sector

1. Most plantations have degraded rain forest fragments interspersed between them. It is 
important to keep these tropical forest patches intact for the long term survival of the 
plantations and the hill forest ecosystems. Forests perform the very critical function of 
holding water and maintaining the atmospheric moisture and humidity. Hence, suitable 
policy and legal interventions to involve plantation managements in rainforest restoration 
can go a long way in improving water availability as well as the regional climate. Such 
interventions would also benefit downstream water needs in the long run.

2. Coffee in general can withstand water scarcity better than cardamom, most of the 
planters and managers tend to agree. Water requirement of cardamom is at least four 
times that of coffee for a good yield. Hence, many planters are replacing cardamom 
with coffee to tide over the water scarcity. 

3. Sprinkler and drip irrigation has replaced traditional methods in many coffee and 
cardamom plantations to improve efficiency of irrigation with available water. Suitable 
subsidies or incentives could be introduced to make it popular. 

4. The high altitude areas in Western Ghats are also high rainfall areas. However due to 
incorrect land use and soil erosion, surface run off has increased. Hence rain water 
harvesting and in situ rain water recharge are being taken up by some plantations. 
Designing of optimum location of in situ rain water recharge following watershed 
principles is important. 

5. Tea factories consume considerable volumes of water on a daily basis for tea leaf 
processing. Reuse and recycling of water wherever feasible can be introduced to reduce 
dependence on external sources. 

6. The plantation labour colonies usually own cattle as a means of earning additional 
income. They also depend on the forests for fuel wood collection. They let the cattle 
roam free into forests and grasslands adding to top soil loss and degradation. Raising 
fuel wood and fodder plantations within the plantation estates can reduce the pressure 
on the surrounding forests and consequently reduce the soil erosion and improve water 
recharge. 

7. Gradual transformation to organic practises with suitable assistance and incentives from 
central government and Tea, Coffee and Spices Boards can improve the soil texture, 
water holding capacity and reduce the need for irrigation. 

8. Mulching in cardamom plantations can postpone irrigation, reduce evapo-transpiration 
and reduce the water utilization by the crops.

9. Children of labour colonies to be involved in nurturing forest strips within plantations, 
establish forest corners in school compounds adjoining forests 
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10. Establishment of soil stabilizers and soil binders especially along steep slopes in tea 
gardens which are more vulnerable to soil erosion can improve water recharge. 

11. Energy saving at tea factory level and at household and management level – reduce 
the consumption of fuel wood which is getting costlier and use solar options during 
summer months of January – May. 

12. Ban burning practises as followed in some plantations. Regular burning heats up the 
soil and surroundings. This reduces the moisture holding capacity of soil and the 
surroundings. 

upper Catchment level Interventions

It is a well known fact that all the plantations are located in the uppermost catchments of 
river basins in the Western Ghats region. The forest denudation for establishing plantations 
and the incorrect land husbandry practises followed by the plantations over the last 100 
odd years has affected not only the local climate but also the water availability in the 
upper catchments. Studies to correlate this are very few, due to lack of accurate data base 
spanning at least a hundred years. However, the uppermost catchments are now recognized 
as Ecologically Sensitive Areas by the Western Ghats Ecology Expert Panel set up by the 
MoEF. The recommendations below can be taken up for the protection of upper catchments 
for improving water security. 

13. Since they cover a vast expanse of area, plantation managements would fall within a 
micro to sub watershed. Hence managements sharing a micro or sub watershed can come 
together to carry out watershed restoration to improve the surface and groundwater 
flows and water table as well as recharge of check dams and streams. Watershed 
restoration could primarily focus on improving the flows in the hill streams flowing 
through the plantations, wind belts to regulate desiccation, restoration of rain forests 
in the watershed. 

14. Protection of river banks and afforestation of riparian forest stretches along the hill 
streams to reduce evaporation losses from streams. Riparian community associations 
can be formed for carrying out this activity.

15. Protect high altitude valley swamps and shola – grassland ecosystems that are the 
origins of rivers from any further human interventions and declare them as ‘hotspots 
for community conservation’.

Dr. latha Anantha and S. unnikrishnan
(rrckerala@gmail.com)
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Concluding Notes

12

Climate change is an opportunity for 
improved water management India’s water 

situation is complex. Some major challenges 
include: flawed governance, diverse climatic and 
socio economic situations, increasing urbanization 
& population, increasing per capita demands, aging infrastructure, groundwater over-use 
and deteriorating water quality. The diverse contextual regime of water problems in India 
compels the development of an out of box approach to managing water. However, our 
policies, planning, projects and implementation strategies remain driven by supply-side mega 
solutions. Although some welcome measures (e.g. protection of wetlands, using aquifers 
as storage options, increasing water use efficiency (National Water Mission, 2009, also in 
Draft of National Water Policy 2012 172) are listed as some of the major objectives in the 
planning process in the context of climate change, though we have yet to see effective action 
on these fronts. Democratic governance, equitability and sustainability have remained only 
slogans. The development of strategies require a decentralised, bottom up, participatory and 
accountable governance approach that incorporates potential impacts of a changing climate 
on one side and the impacts stemming from a growing demand on a depleting-deteriorating 
water resource regime on the other.

We have a water crisis on our hands even without climate change, with vast populations 
still not able to get water for basic human existence. More areas are slipping into problem 
zones as we are not able to ensure source sustainability, because of our misplaced priorities 
in water sector. Unfortunately, the National Water Mission and the NAPCC largely is a 
collection of business as usual projects, dominated by the misguided and wrong agenda 
of more big dams, more big surface storages, more large hydro projects, interlinking of 
rivers173 and so on. Moreover, the NWM has been formulated through a completely non 
participatory and non transparent process.

‘Anyone who can solve the problems of water 
will be worthy of two Nobel prizes—one for 
peace and one for science.’

John F. Kennedy

172 http://sandrp.in/wtrsect/NWP_2012_SANDRP_PR.pdf
173 The Supreme Court order of Feb 27, 2012 on ILR have raised fresh controversy, see for details: www.

rediff.com/news/column/why-inter-linking-of-rivers-is-not-possible/20120309.htm
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Recommendations Some critical recommendations in Water sector that emerge from 
this report include the following:

Knowledge base

•	 Our	knowledge	base	on	the	issue	of	impacts	of	climate	change	on	water	sector	is	poor.	
Immediately, we need to come out with a report on the state of knowledge in this 
sector and we need to have annual updates of this report.

Trends in quantum, peaks and patterns of long-term annual rainfall, for example, are 
important in understanding climate change; however, water resources planning under such 
change would require inputs such as rainfall intensities (and changes therein), changed 
number of rainy days, resultant impacts on stream flows, groundwater recharge and so on. 
All this is happening in the changing scenario of mega development projects, urbanization, 
industrialization, water use patterns, etc which are also making huge changes in the 
water situation on constant basis. Data disaggregation holds the key in such planning as 
understanding and managing the availability, demand and supply of water resources at 
various scales, ranging from micro to meso to mega, becomes all the more significant. 
Transparent and prompt sharing of all available data is a key first step in this situation, 
which India has yet to achieve. The governments that monopolises collection of water 
sector data refuses to share the most basic of water flow data.

The process of water resources planning, development, operation and management would 
need to include resource understanding, supply management (including getting optimum 
benefits from existing infrastructure, best options for augmentation) and instruments to 
manage the growing demand. These three aspects of water management would therefore 
require special reference to units and scale – water sheds, river basins, aquifers etc., for which 
an enhanced understanding of surface and groundwater resources is required. Management 
of supply would require special focus on managing groundwater recharge, engineering (and 
reengineering) schemes of water supply to an optimum limit to minimize losses. Managing 
demand would be possible through various measures, the selection of measures being a 
function of situations, and including instruments such as participatory regulation (social 
fencing), formal legislation and indirect mechanisms including efficiency of applying water 
as well as that of regulating power supply intelligently.174

legal issues

•	 We	urgently	need	 a	Right	 to	Water	Act	 from	3	perspectives:	

 3 Human Rights perspective, including health issues, ensuring provision of clean water 
required for drinking and domestic water use for all as a right; 

 3 livelihoods perspective, ensuring the water required for livelihood for all;

 3 Ecologic perspective, ensuring protection of rivers, wetlands, lakes, water bodies, 
etc. 

174 Framework for India’s strategic water resource management under a changing climate Kulkarni Himanshu 
and Thakkar Himanshu, chapter in Dubash 2012
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•	 There	 is	 an	 urgent	 need	 to	 review	 prevailing	 water	 related	 laws	 in	 India	 from	 the	
perspective of environmental sustainability and social justice. Current laws are totally 
devoid of an ecological, integrated approach and do not reflect the basic principle that 
water is a common good and a precious natural resource. The reform process needs 
to be undertaken in a highly participatory, decentralized, and democratic way.

•	 Water	 is	 essentially	 common	 property	 resource,	 the	 state,	 where	 it	 has	 a	 role,	 is	
supposed to act as a trustee of this resource, in the interest of the people’s basic 
needs, in a democratic manner, which is not the situation today. The propositions 
in NAPCC and NWM for developing “new regulatory structures, combined with 
appropriate entitlements and pricing” and also the urban water regime seem more like 
a push towards privatization of water resources, which is not helpful, appropriate or 
acceptable. The draft NWP 2012 also advocates regulatory authorities in each state and 
blanket privatisation of water supply, when there is no positive experience on either 
front. Such propositions would only create more problems, not solve any.

•	 The	 approach	 towards	water	must	 not	 be	 a	 purely	 supply	 side	 response,	 in	 any	 case	
not through more large projects. Equity and access to water for all through rights 
based regime and democratic, bottom up, management must be a central plank for any 
plans.

Governance

•	 The	 fundamental	 problem	 plaguing	 this	 sector	 is	 lack	 of	 democratic	 governance.	We	
urgently need to set up legal and institutional mechanisms to ensure bottom up, 
participatory, accountable governance for rivers, for pollution control, river action 
plans, for groundwater, for environment management, irrigation systems, lakes, rivers, 
wetlands, embankments, canals, pipelines, and other related water infrastructure. Such 
project/river specific committees should be statutory bodies with powers to make 
necessary mandatory orders with respect to the functioning of the projects.

•	 Reservoirs To ensure proper and optimum functioning of the existing and under 
construction reservoirs in the interest of the people, each reservoir should have a 
reservoir operation committee, in which at least 50% members should come from the 
local communities. As a first step in this direction, the reservoir operation rules and 
actual reservoir operation details (inflows, outflows, levels, capacities, and anticipated 
inflows) should all be made public suo moto on daily basis for each large dam in 
India.

•	 The	operation	of	existing	dams	 that	have	dried	up	perennial	 rivers	 in	 the	downstream	
should be reconfigured to ensure that there is sufficient flow in the downstream areas 
all round the year in the form of e-flows. For new projects the downstream e-flow 
requirement should be assessed based on credible, holistic methodologies like the 
building block methods. E-flows assessment should involve a multidisciplinary team 
including downstream community representatives and experts outside the government 
and project proponents. This assessment should be robustly based on requirements and 
experiences of local communities and they should be an integral part of monitoring the 
actual releases.
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•	 Make	available	adequate	funds	in	the	budget	as	a	first	priority	to	maintain	the	existing	
water related infrastructure before spending money on new schemes. For example, there 
is a need to ensure that water bodies, reservoirs and canals do not get silted up and 
therefore there is a need to make adequate investments for catchment area treatment 
of existing large, medium and small dams and also for regular desilting of canals and 
smaller systems. Similarly maintenance of the canal infrastructure to ensure optimum 
use of created infrastructure should be given top priority. To ensure that all this actually 
gets done in a transparent and accountable way, governance in water sector will have 
to be changed so that the local people have decisive say in planning, decision making, 
implementation and operation of the systems.

•	 Irrigation Efficiency The objective of increasing the irrigation efficiency is much needed 
and laudable, but such attempts in the past has not succeeded because of the top down, 
unaccountable governance systems. Such attempts have left the governance of larger 
systems outside the reach of water users. Unless this is changed fundamentally, such 
attempts cannot succeed.

•	 Groundwater We need to understand that groundwater is India’s national water lifeline 
and will remain so for many years to come for all sorts of water use. If we want to 
ensure sustainable existence of this lifeline, we need work on three fronts: Firstly, 
ensure the sustenance of the existing groundwater recharge systems including local 
water systems & their catchments, wetlands and rivers; secondly, give top priority to 
creation of more such systems and thirdly, put in place credible, legally enforceable 
community led regulation. At the same time, the government needs to promote greater 
access of groundwater to the underprivileged, particularly the traditionally deprived 
sections like dalits and other backward classes.

•	 Rivers Indian culture and religions are supposed to value Rivers, but our governance 
system has no value for rivers flowing with freshwater all round the year. We need a 
law for ensuring that perennial rivers have freshwater flow all round the year, sufficient 
for various purposes including groundwater recharge, social and environment needs. 
Similarly we need law for protection of wetlands, water bodies and catchment of water 
bodies. We also need to declare some of the river/ tributaries in each state as NO GO 
zones, where no dams/ barrages/ hydropower projects are allowed. We also need legal 
and institutional measures to protect the flood plains.

•	 Given	the	link	between	forests	and	fresh	water	flows	in	rivers,	 there	 is	an	urgent	need	
to take up catchment area eco restoration of at least the highly degraded river basins 
as a long term strategy; such restoration would also help the cause of climate.

•	 River Basin wide Options Assessment There is also a need to have comprehensive, 
credible assessment of basin wide potential of water resources development through 
watershed development, groundwater recharge, local water systems. Such systems are 
efficient in harvesting rainwater, in ensuring groundwater recharge and are in fact more 
appropriate from employment generation point of view. Such an assessment does not 
exist for any basin, it can be started with say Ken and Betwa rivers basins. In the 
context of climate change, such options should have top priority.
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•	 There	 are	 a	 very	 large	 number	 of	 ongoing	 big	 irrigation	 projects,	 many	 of	 them	 are	
non viable or amounting to zero sum game as the basins or sub basins where they are 
situated are already over exploited. They are a drain on the economy & there is a need 
for a credible, independent process to ensure that unviable & undesirable projects may 
be weeded out or scaled down appropriately.

•	 local Water Systems Local water systems are efficient in harvesting rainwater, in 
ensuring groundwater recharge and are in fact more appropriate from employment 
generation point of view. Such systems, through examples like Hirwe Bazar in 
Maharashtra, Laporia in Rajasthan and numerous other places, have shown that they 
are the best adaptation measures even in the climate change context.

•	 Organic farming Organic farming practices must be incentivised, chemicals based 
farming dis-incentivised. Increased organic matter in soil will also increase the water 
security for the rain-fed farmers, since it will help increase the moisture holding capacity 
of the soils, in addition to having mitigation effect from climate perspective. Water saving, 
high yielding and low input requiring practices like the System of Rice Intensification 
should be taken up in right earnest at all the appropriate locations, including North 
West India. In fact, SRI can be of immense help in the current situation of uncertain 
monsoon rains as it would help spread the limited irrigation water over long distances, 
reduce the crop maturing period and reduce seed requirements by upto 90%. Water 
intensive crops, GM crops and cropping methods should be discouraged.

•	 urban Water Big cities are increasingly going farther and farther away for tapping 
water resources for their seemingly insatiable thirst. This is not sustainable, equitable 
or climate friendly. Cities must be made to restore, conserve and utilize their available 
local sources, including rainwater, local water bodies and groundwater in a sustainable 
way. The Urban sewage and effluents should be treated to recyclable level and a cap 
must be put on how much water they can get. The massive Renuka dam on Giri River 
in Himachal Pradesh, being proposed for the water requirement of Delhi, is an example 
of inappropriate water project for an already water rich city. For example, the Planning 
Commission document Integrated Water Management Policy and Actions dated May 
2009 says, “Delhi, for instance, has more water per capita than Paris.”

•	 Decentralized	waste	 water	 treatment	 facilities	 should	 be	 the	 norm.	 The	 decentralized	
systems would also be less energy intensive, less cost intensive, more efficient and are 
actually likely to lead to more recycling of the treated water.

•	 EIA and Decision making Environment impact assessment and decision making 
processes for reservoirs in India should include an assessment of the possible impacts 
of climate change on such projects and also the possible contribution of such projects 
to climate change, including the assessment of methane emission from such projects. 
On this last issue, India should take up a study of methane emission from existing 
reservoirs. In the decision making process, relative carbon footprint of different water 
options should also be an issue of consideration.

•	 Our	Environment	Impact	Assessments	are	notorious	for	numerous	fundamental	failures,	
including blatant plagiarism, falsehoods, and inaccuracies, as also accepted by the former 
Union Environment Minister Jairam Ramesh. Firstly, the EIAs must be made available 
to local people in their languages. Secondly, all large dams, irrigation projects, flood 
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management projects, hydro projects above 500 KW must go through the EIA and 
public hearing process. In any river basin where large number of projects are coming 
up, cumulative impact assessment should be a must.

•	 Cross sectoral integration There is an urgent need to ensure cross sectoral integration. 
Currently, there is no attempt to ensure cross sectoral integration across the various parts 
of NAPCC, missions and development path. Thus while the mission for Himalayan 
ecosystem talks about the vulnerability of millions in mountain environs, the ongoing and 
proposed initiatives on hydropower projects and the infrastructure that comes along with 
it is not only threatening the lives and livelihoods of these people, it is also hastening the 
process of glacier melt. Similarly, the initiatives on thermal power projects and mining 
(including coal, bauxite) proposals are threatening the water resources at numerous 
sites including Orissa, Chhattisgarh, Jharkhand, Madhya Pradesh and Andhra Pradesh. 
The inappropriately undertaken massive agenda of road construction in mountains is 
cutting of local water streams, which are local people’s lifeline. Inappropriate mining is 
destroying both surface and groundwater. There are no policies for appropriate citing 
of industries, considering the situation of land, water, forests, climate implications and 
so on.175

•	 Water Policy For the formulation of a new National Water Policy, a detailed 
participatory exercise should be started immediately. The NAPCC recommends such 
review only in consultation with states, but this has to be a bottom up, participatory 
process. The process under taken for the draft NWP 2012 is highly inadequate, there 
should be a credible process starting from the gramsabhas in rural areas and water 
committees in urban areas.

 false Solutions Some of the false solutions being proposed in the name of addressing 
climate change in the water context include the following. 

•	 Big	Hydro	Many,	including	the	World	Bank,	hydropower	lobby	like	the	International	
Hydropower Association are proposing that big hydro are climate change solution. This 
is not at all true. Big hydro projects are destroying the climate adaptation resources 
like the rivers, forests, wetlands and biodiversity. The performance of these projects 
is far from optimum and far below the promises. There are many non hydro options 
and without exhausting them, there is no case for new large hydro.

•	 Big storages As described in chapter 5, there is no case of proposing big water storages 
in climate change context till the potential of cheaper, more sustainable options, including 
local water storages, underground storages, increasing soil capacity to hold moisture 
and optimum use of existing storages is exhausted. 

•	 CDm A lot of hydro projects are applying for and getting clean development mechanism 
status and carbon emission reduction credits under the UNFCCC. As explained in 
chapter 1, these are business as usual projects that are neither additional nor sustainable 
and hence should not be getting the CDM status. Moreover, a market based mechanism 
like CDM is not likely to work as a solution to climate change.

175 Some of these were included in a letter to the Prime Minister of India by Civil Society Partners, July 
2009: www.sandrp.in/wtrsect/Civil_Society_Groups_Write_to_PM_on_Water_Mission_and_Climate_Plan_
July_2009.pdf
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Climate change offers a unique opportunity to revisit our water resources in terms 
of understanding, planning and management. It also provides an opportunity to learn 
lessons from past approaches to development and management in a credible way. The 
purpose for a revamped water policy could be that of equitable, sustainable, participatory, 
decentralised, democratic and transparent approach to water management; an approach 
based on sound knowledge and data to make decisions. Further, this approach would need 
to include a protection strategy for the rivers, forests, wetlands, water bodies, biodiversity, 
critical ecological habitats and groundwater reserves, as well as demand side management 
measures, along with a definition of the clear linkages between these domains. In Water 
scarce situations, all demands cannot be sacrosanct, and we also need to prioritise the just 
use of water.
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