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Prof. K. V. THOMAS

MINISTER OF STATE
(INDEPENDENT CHARGE)

FOR CONSUMER AFFAIRS,

FOOD and PUBLIC DISTRIBUTION
GOVERNMENT OF INDIA

q NEW DELHI-110001

MESSAGE

I am very happy to know that Guru Arjan Dev Institute of
Development Studies (GADIDS), Amritsar is organizing its 5"
national seminar on “Water Energy and Food Security
Nexus” in the first quarter of 2013, in continuation of the
series of seminars which it organized on related subjects.

Food security is a very critical issue being discussed in
various national and international forums, of late. Equally
important are issues like water energy which contribute in
their varied ways towards food security. It is a fact that despite
achievements which mankind has attained so far, the ‘scourge
of hunger’ is one challenge which has been eluding us still.
Only that will be a golden day in the history of the world,
which can declare that no one man goes to bed in hunger any more. When institutes of higher
learning like the GADIDS get themselves involved in analyzing such topics having a deeper
impact on the welfare of society, thereby creating an awareness among our youngsters, it makes
a huge difference and contributes in an enormous way towards finding ways and means of
reaching the goals of hunger-free world.

| congratulate the GADIDS, Amritsar on their proactive efforts in educating our students on vital
issues like food security, water energy etc. and hope that the seminar will turn out to be a great
success in taking across relevant messages to every nook and corner. | also convey my best
wishes to the college authorities for success in all their future endeavors.

(Prof. K.V. Thomas)
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MESSAGE

Breaking the Unholy Nexus between Poverty, Water Scarcity and Food Security

The key challenges of the 21st century are to ensure global food security for the ever-growing
population that will cross the 9 billion mark by 2050, and also to reduce
poverty with limited land and water resources.

The International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) works in the semi-arid tropical areas in 55 developing
countries, home for two billion people one half of which is food insecure.
Our mission is to reduce poverty, hunger, malnutrition and environmental
degradation in the dryland tropics where water and land scarcity are
predominant.

Water scarcity generally refers to the scarcity of blue water for irrigating
the crops. Most efforts in the past have been directed towards increasing supply of blue water and
enhancing blue water use efficiency for crop production. However, taking into account that 72 per
cent of precipitation is stored as green water, efforts for enhancing the green water use efficiency for
crop production have been disproportionately low. The only way forward to achieve food security
with limited water resources is to enhance the efficient use of both green and blue water.

Long term experiment data at ICRISAT’s Heritage Watershed site has established that integrated
watershed management (IWM) interventions resulted in average crop yields five times higher
compared with traditional farmer’s practices. Similar results have also been recorded at Kothapally
watershed and other watersheds in the country where science-led IWM approach has been adopted.
To harness the potential of rain-fed agriculture, a new paradigm to operationalize integrated water
resource management by adopting watershed approach has been proposed. The ICRISAT-led
consortium in partnership with Government of Karnataka through Bhoochetana project has
demonstrated that productivity of rainfed agriculture on over 3 million hectares can be substantially
increased by 23 — 66 per cent by adopting science-led interventions along with enabling policies and
institutions, capacity building, women empowerment and adopting public-private partnership in the
state.

During the 2011 rainy season alone, the benefits accrued in the state of Karnataka through
Bhoochetana were about US$ 130 million with a benefit cost ratio of 1:6 at macro level. At the
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individual farmer level, the benefit cost ratio of improved management practices which included soil
test-based nutrient management, improved seeds with seed treatments and appropriate land and
water management practices showed the benefit cost ratio of 1.2 to 14.6 for different crops in the
state. This approach has now also been adopted by the government of Andhra Pradesh and other
states are looking forward to unlock the potential of rainfed agriculture to achieve the food security
through increased green water use efficiency.

What we need is climate resilient agriculture which uses crops which are tolerant of heat, drought
and pests, along with efficient water management practices and socio-economic and institutional
support. Beyond that, there is an urgent need to link the farmers with markets to reduce poverty. Our
vision for 2020 is Inclusive Market Oriented Development (IMOD) through science-led participatory
research by building public private partnerships to benefit the farmers and by improving their
livelihoods.

The international seminar on the theme “Water Energy and Food Security” is therefore both timely
and urgent. We extend our congratulations to the participants and the organizer, Guru Arjan Dev
Institute of Development Studies (IDSAsr), Amritsar, for this worthy initiative. We look forward to
collaborating more with you to promote climate resilient agriculture to ensure food security

especially for the world’s poorest populations.
\
| G
LA,

(William D. Dar)

Director General
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DR. J. S. SAMRA Government of India

Chief Executive Officer Planning Commission
National Rainfed Area Authority
NASC Comples, 2nd Floor
e —rerer Dev Parkash Shastri Marg
Opp Todapur Village, Pusa,
New Delhi-110012

MESSAGE

Agriculture Sector utilising about 80 per cent of India’s water
resources, is contributing 15 per cent to the GDP and supporting 58
per cent of the population. Indian agriculture witnessed highest
average growth rate of 3.3 per cent during the 11" Plan and is a
significant improvement over to 2.5 per cent during 9" Plan and 2.4.

per cent in the 10" Plan. Out of all the inputs, elasticity of water is

the highest and its efficiency is crucial for realising long range
sustainability of growth. Ground water being most productive was developed through private
investments by the farmers after rural electrification with public investments. It is also apparent
that energy is absolutely necessary for extracting and utilising ground water for realising food,
nutritional, environmental, livelihood and income securities. The 12" Plan discussions in the
National Development Council meeting concluded that highest priority should be given to energy
and water for sustaining growth in the country. Appropriate fuel policy was emphasised for
improving supply of energy whereas enhancing efficiency of all water services was considered
crucial for curtailing demand of water. The ultimate macro policy analysis revealed that energy
and water nexus is very important for enhanced sustainable growth. This unique nexus of water
and energy is specifically highly relevant to the north-west and other pockets depending heavily
on the ground water services. This seminar is, therefore, timely and in-tune with the Macro
Economic Policy of the Government of India for the 12" Plan period. Undersigned wish very
fruitful discussions and grand success of your endeavours for steering befitting regional policies
in the matter.
With regards,
(J.S. SAMRA)
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Government of India

Department of Agricultural Research and Education
Indian Council of Agricultural Research

Ministry of Agriculture, Krishi Bhawan,

New Delhi-110 001

Dr S Ayyappan

Secretary and Director General

MESSAGE

The sustainable management of water resource is crucial
for ensuring food and environmental security of the country. The
mounting anthropogenic pressure on water resource has already
led to its degradation in many parts of the country. The concern is
already being voiced by agricultural researchers, planners and
farmers alike on population of water bodies, ground water
imbalances, rising and falling water tables, secondary salinization
etc. leading to water scarcity and consequently threatening food
security. The situation is getting further compounded with the
recent climate change impacts on natural resources affecting agriculture.

The water productivity in India is still very low at the country level. However there is
large scope for enhancing water productivity through multiple uses of water, efficient on farm
water management practices, aerobic rice cultivation, micro irrigation, resource conservation in
agriculture would be of great significance as supplies of fresh water would face grim
competition in future from fast growing domestic and industrial sectors.

It is a pleasure to note that Guru Arjan Dev Institute of Development Studies, Amritsar is
holding its 4™ IDSAsr International seminar on Water Energy and Food Security at Guru Nanak
Dev University Amritsar to deliberate on diverse issues of water resource management and food
security during February, 2013.

| wish the seminar a grand success.

(S. Ayyappan)
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M S Swaminathan Research Foundation
Center for Research on Sustainable Agriculture and Rural Development
Third Cross Street, Taramani Institutional Area
Chennai - 600 113 (India)

PROF M S SWAMINATHAN
Member of Parliament (Rajya Sabha)
Chairman

MESSAGE

The Bengal Famine of 1942-43, which claimed over 2 million lives,
provided the backdrop to India’s independence in 1947. NoO
wonder, Jawaharlal Nehru remarked soon after taking over as the
t. first Prime Minister, ‘“everything else can wait, but not

agriculture”. Our population was then a little over 300 million,
i.e., 25 per cent of the current population of over 1.2 billion. In
1947, not more than 30 persons could be fed in a wedding, while
today money is the limit to the number of people who can be
entertained on such occasions. Government has now about 60
million tonnes of wheat and rice in its godowns, in contrast to the “ship to mouth” situation
which prevailed during the fifties and sixties. How did this transformation come about?

In 1947 our soils were both thirsty and hungry and to quote Aristotle, “’soil is the stomach of the
plant”. Hardly, 10 per cent of our cultivated area had assured irrigation at that time and the
average consumption of NPK nutrients was less than 1 kg per ha. The average yield of wheat
and rice was about 800 kgs per ha. Mineral fertilizers were mostly applied to plantation crops,
and food crops were fed with whatever organic manure that farmers were able to mobilize.
During the first two Five Year Plans (1950-60), emphasis was placed on enlarging the area
under irrigation and on the production of fertilizers. Scientists began extensive experiments in
the nineteen fifties to assess the response of rice and wheat varieties to fertilizer application. The
varieties cultivated then had tall and thin straw and the crop lodged when even small quantities
of fertilizer were applied. It became clear that we will need varieties with short and stiff straw, if
we are to get positive response from water and fertilizer.

It is in this background that Dr K Ramaiah, an eminent rice scientist, suggested in 1950 that we
should cross japonica varieties of rice obtained from Japan with our indica rice varieties. The
logic behind this suggestion was that the japonica varieties were even then yielding over 5 t per
ha, while our varieties gave 1 to 2 t per ha. Thus began the indica-japonica rice hybridization
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programme at the Central Rice Research Institute, Cuttack in the early 1950s. | worked in this
programme for a little while in 1954. This programme lost its priority after genes for developing
semi-dwarf varieties of rice became available in the sixties from Taiwan and the International
Rice Research Institute, the Philippines.

After World War 11, American scientists were examining the significant findings made in Japan
both in agriculture and industry. Dr Solomon, a biological scientist, was fascinated by the semi-
dwarf wheat varieties developed by Dr Gonziro Inazuka at the Norin Experiment Station. This
variety had short and stiff straw but long panicles and consequently a high yield potential. Dr
Solomon gave seeds of the Norin wheat to Dr Orville Vogel of the Washington State University,
who developed the semi-dwarf winter wheat variety Gaines, with a yield potential of over 10 t
per ha. Dr Norman Borlaug, working in Mexico, obtained the seeds containing the Norin
dwarfing gene from Orville Vogel and started the famous Mexican dwarf wheat breeding
programme. Winter wheats like Gaines do not perform well under our growing condition. On the
other hand, Borlaug’s material was suited for the Rabiseason in our country. | therefore
approached Dr Borlaug in 1959 for giving us some of his semi-dwarf wheat breeding material.
Borlaug wanted to see our growing conditions before making up a set of breeding lines and his
visit materialised in March 1963. We tested the material sent by him at several locations all over
North India during rabi 1963. The multi-location trials revealed that the semi-dwarf wheats of
Mexican origin could yield 4 to 5 t per ha in contrast to about 2 t per ha of our tall varieties. It
became clear that we now have the tools with which we can shape our agricultural destiny.

In July 1964, C Subramanian became the Minister for Food and Agriculture and he gave his
whole hearted support to spreading the new high yielding varieties on a large scale together
with irrigation water and mineral fertilizers. Shri Lal Bahadur Shastry, the then Prime Minister,
approved the import of wheat seed from Mexico as a “purchase of time” operation. All these
steps helped to raise the area under dwarf wheats from 4 ha in 1964 to over 4 million ha in
1970. In 1968, our farmers harvested about 17 million t of wheat, in contrast to the earlier
highest harvest of about 12 million t in 1964. Such a quantum jump in production and
productivity led Indira Gandhi to announce the birth of “The Wheat Revolution” in July 1968.

In addition to the vyield breakthrough in wheat and rice, hybrids of
maize, jowar and bajra developed by our scientists in partnership with the Rockefeller
Foundation, opened up new opportunities for increasing the productivity and production of these
crops. This led to the introduction by the Government of India in 1967 a High-yielding Varieties
Programme in wheat, rice, maize, jowar and bajra. For the first time in independent India, an
yield consciousness was born in farmers’ minds and this resulted in farmers organising a
National Tonnage Club of Farmers, the membership eligibility criterion being the production of
an agreed minimum quantity of food grains per ha. In October 1968, Dr William Guad of USA
coined the term “‘green revolution” to signify the revolutionary progress made in increasing the
yield potential of major food crops.
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The term “green revolution” is applied in situations where higher productivity is the pathway
for increasing production. The Green Revolution involved synergy among technology, services,
public policies and farmers’ enthusiasm. Farmers, particularly Punjab farmers, converted a
small government programme into a mass movement. This is why the process is often referred to
as the Green Revolution Symphony.

The green revolution was criticised by social activists on the ground that the high-yield
technology involving the use of mineral fertilisers and chemical pesticides is environmentally
harmful. Similarly, some economists felt that small and marginal farmers will be bypassed by the
new technologies, since although the technologies are scale neutral, they are not resource
neutral. This led to my coining the term “ever-green revolution” to emphasise the need for
enhancing productivity in perpetuity without associated ecological harm.

Looking ahead, the bright spot in Indian agriculture is the availability of a large untapped
production reservoir. For example, the productivity of foodgrains in China is currently 5332 Kg
per ha, while it is 1909 Kg per ha in India. A “bridge the yield gap” movement is needed
urgently. The dark spots in Indian agriculture relate to ecology and economics. The heartland of
the green revolution, namely Punjab, Haryana and Western UP is in deep ecological crisis, as a
result of the over-exploitation of ground under and spread of salinity. This region will also suffer
most if the mean temperature rises by 1 to 2°C as a result of global warming. Conservation and
climate resilient farming will help to checkmate the ecological hazards.

Economically, out of a total of 89.35 million farmer households, 43.42 million are indebted
(National Sample Survey organisation, May 2005). Farmer indebtedness is particularly high in
Andhra Pradesh (82.0 per cent), Punjab (65.4 per cent) and Tamil Nadu (74.5 per cent). This is
why farmers have little bargaining power in the market. The monsoon and the market are two of
the major determinants of farmers’ well being. Synergy among scientific skill, political will and
farmers’ enthusiasm gave birth to the green revolution of the sixties. We need a similar
combination today, if the desired second or ever-green revolution is to be realized.

Water, energy and food security are these essential components of national well being and
progress and required integrated attention. That is why the current 4™ IDSAsr International
seminar organized by Guru Arjan Dev Institute of Development studies, Amritsar assumes
importance from the point of view of developing sustainable food, water and energy security
systems for our country. | wish the seminar great success.

(Prof M S Swaminathan)
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MESSAGE

Global food demand is predicted to be almost doubled by 2050.
However, over exploitation of natural resources and production
environment during last three decades has resulted in their
degradation both in terms of quantity and quality. Achieving food
and nutritional security in light of this scenario in near future is a big
challenge. The emerging issues of climate change, diversion of
agricultural land for non-agricultural use, declining land holding size
and increased cost of cultivation etc. are bound to add to food crisis
in the future. As per IAASTD, 2009 estimates, nearly 30 per cent
global green house gas emissions leading to climate change are attributed to agricultural
activities including deforestation. Moreover, anthropogenic emissions of green house gases have
also considerably increased during the recent past due to unscientific agricultural practices
resulting in climate change and global warming of the planet. Carbon dioxide (CO,), methane
(CHy), nitrous oxide (N20), hydrofluoro-carbons (HFCs), perfluoro-carbons (PFCs) and sulphur
hexafluoride (SF5) are the six important gases which are responsible for the current global
warming. The mean global annual temperatures are reported increased between 0.4 to 0.7°C
during the last century. A further increase of 1 to 3% during 21* century has been modeled. The
year 2005 was reported the warmest year so far. Almost all the years in the last decade
recorded extreme weather events, and the year 2007 was also declared as one of the warmest
years.

Melting of glaciers, sea level rise, sub-mergence of islands/ coastal areas and change in rainfall
and temperature pattern over the next century are predicted. This change is bound to affect
water availability and biodiversity pattern which will demand a new set of land use pattern
including enterprises, commodities, crops and varieties. Global warming related ozone
depletion has also been reported which may lead to increased ultra violet radiation with far
reaching adverse impact on earth’s environment and human as well as livestock populations
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including microbial communities. Such effects of climate change have already started impacting
agricultural productivity in several agroclimatic regions and sub-regions of India. The country
experienced one of the severest droughts of the last century during 2002 and 2009 that lowered
food grain production by more than 29 and 17 million tons, respectively. The cold wave of
2002-2003, 2005-2006, and 2007-2008 caused significant damage to winter crops in the states
of Punjab, Haryana, Rajasthan and western Uttar Pradesh. Agricultural crops like winter
maize, mustard, gram; fruit crops like litchi, papaya, mango; vegetables like potato, tomato,
brinjal, peas and flower crops like marigold, chrysanthemum and dahlia were extensively
damaged. Five to ten years old multipurpose trees like Prosopis, Juliflora, Cassia siamea,
Azadirachta indica, Emblica officinalis, Tamarindus indica etc. were also damaged and
defoliated. During 2010-11 winter seasons, most of the pulse crops including gram and
pigeonpea were badly damaged in Madhya Pradesh due to frost. The heat waves of March 2004
and 2010 in northern states coincided with the ripening phase(grain filling) of wheat and
slowed down the translocation of photosynthetic assimilates from vegetative parts to grain and
impaired the production by more than 4 and 2 million tons, respectively. Prolonged cool
temperature during 2010 — 11 winter favoured higher wheat productivity but also proved highly
conducive for the onset of yellow rust on wheat. The monsoon behavior in 2007 over Kerala was
totally different to that of previous years and very heavy rains were observed between June and
September leading to severe flooding in low lying areas. Traditionally assured and high rainfall
areas like West Bengal, Bihar, Jharkhand and Assam experienced drought like situation during
2009 and 2010. Predicted spatial redistribution of precipitation, droughts, floods, heat waves,
cold waves and water balance will change the land use pattern, cropping systems, pests and
diseases. To deal with likely scenario of climate change and its management following strategies
are suggested:

e Developing new plant genotypes for drought, heat and cold tolerance adapted to climatic
variability and ranges. There is a strong case to screen and document the already
existing germplasm of crops, trees, animals and even microbes about their location
specific response to such changes. Based upon this screening, location specific
crop/variety calendars for application according to changed situation needs to be
developed.

e Devising agronomic practices which may moderate/negate the impact of predicted
climate changes and promotion of conservation agriculture practices such as zero tillage,
bed planting, residue management and crop rotation.

e There is a need to develop contingency plans to coup-up with weather related aberration
such as cold and heat waves and drought. These contingent plans should be such that
can be practically implemented on a short notice/warning.

e Developing precision and accurate forewarning mechanisms to reduce production risks
and for undertaking preventive measures. There is a strong case now to go for
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developing and upgrading medium and long range weather forecasting systems (15-20
days in advance) so that farmers have reasonable time to respond to risks.

Identification of genes for tolerance to moisture, heat and cold stresses and developing a
canvas of transgenics having tolerances to abiotic stresses. Biotechnological approaches
such as pyramiding of genes should be a priority area of future research in climate
change.

Reducing green house gas emissions through carbon sequestration in different land use
systems with major emphasis on raising horticultural plantations on degraded soils.
Research on bio-diesel/petro crops such as Jatropha and Pongamia which have potential
to substitute fossil fuels needs strengthening. Since India cannot afford to divert
cultivable area from grain crops to ethanol/bio-diesel production, our priority should be
to extend cultivation of such plants on degraded lands which constitute an area of about
120 m ha.

Curtailing losses of methane and nitrous oxide from cultivated fields by increasing use
efficiency of water, nutrients, energy and other agronomic manipulations.

Manipulation of crop micro climate by means such as use of wind breaks, tunnels or
green house to reduce the effects of climate change.

Genetic engineering/biotechnological tools which could covert C3 plants in C4 mode of
photosynthesis to tap the increased CO, in the environment for higher biomass
production.

Develop knowledge based decision support systems for translating weather information
into operational management practices at district, block and village Panchayal level.

Benchmarking of areas prone to climate change impacts on agriculture, horticulture and
livestock and periodic monitoring to initiate timely preventive action.

Establishment of automatic weather stations in all the 127 NARP zones to provide value
added agromet advisory service to the farmers. There is also a need to establish climate
monitoring towers/climatic control facilities at select places in the country for periodic
monitoring of water, energy, gases and salt fluxes. These facilities should be used for
designing location specific cropping/farming systems.

Promoting multi-enterprise agriculture to reduce risk and for assured livelihood security
in areas prone to weather/climate aberration. Nearly 50 per cent of the farmers in India
cultivate less than one ha land. Integrated farming system is a promising proposition for
such small holding.
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Improved management of livestock populations including poultry through better
management of feeding and livestock housing. Animal sector is the major contributor for
methane to the environment.

Improving the efficiency of energy use in agriculture by using better designed efficient
machinery and implements.

There is a need to develop crop insurance and early warning systems to reduce/negate
the impact of climate change and achieving stability in production. There is also a need
to develop weather-crop-livestock relationships and weather-crop forecasting pest
infestations.

There is a need to intensify efforts for increasing climate literacy among all stakeholders
of agriculture and allied sectors, students, researchers, policy planners, science
managers, industry and farmers.

(Gurbachan Singh)
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Adjunct Professor

MESSAGE

I am delighted to learn that Guru Arjan Dev Institute of
Development studies is organizing fourth IDSR international
seminar on “Water, Energy and Food Security nexus.” Right
to food is the birthright of every individual on this earth.
Therefore, food security is most important agenda of
governments and development agencies. Food security
depends upon adequate supplies of water for crop production
and irrigation, and on energy for running tractors and tube
wells. Water is necessary for generating hydroelectric power
and for generating nuclear energy. Hence, water, energy and
food security issues are intertwined.  Concerns about the
adverse effects of climate change on water availability are real.
Energy sources such as fossil fuels are not finite.  Consequently, costs of energy have been
rising. Demand for food is rising because of increasing population and changing food habits
due to improving living standards.

It is high time these issues are deliberated upon in such seminars. | am sure some of the
authorities on these issues will discuss these problems and review policies to overcome them. |
send my best wishes for the success of the seminar.

(Gurdev S. Khush)
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Prof. Samir K. Brahmachari

Director General, CSIR &
Secretary, Government of India

Department of Scientific and Industrial Research
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
Anusandhan Bhawan, 2, Rafi Marg, New Delhi- 110001

MESSAGE

It gives me immense pleasure to learn that Guru Arjan Dev
Institute of Development Studies (IDSAsr) with support from
Ministry of Earth Science, Government of India is organizing
5" national seminar on the theme “Water Energy and Food
Security Nexuses” during 8-10 February, 2013 at Guru Nanak
Dev University, Amritsar.

Water, energy and food sectors, needless to say, are
intricately interconnected and interact in numerous substantial
ways. These strong connections between the three resources
present a scenario where actions in one area invariably impact
the others, thus demanding the maintenance of the delicate equilibrium. The changing industrial
climate and increasing demands of the steadily growing global population in the past years have
placed tremendous stress on these resources, threatening the existing balance and posing water,
energy and food security threats to millions worldwide.

Safe food and water and affordable energy are crucial issues today that requires
immediate attention and quick action. Ensuring water, food and energy security requires a
deeper insight into the interlinkages between the sectors of water, energy and food and how the
changes in one affect the other. Under such circumstances it is imperative that we adopt a nexus
approach to understand the interconnectedness of these sectors and to mitigate the negative
economic, social and environmental impacts of thoughtless development practices. A nexus
approach is needed the need of the hour to meet increasing global demands without
compromising sustainability.

In the context, | appreciate Guru Arjan Dev Institute of Development Studies to conduct
this national seminar. Needless to say, this will prove to be a wonderful platform for innovative
thought sharing and will help in the creation of a platform for giving proper impetus to configure
new technologies and policies to ensure water, food and energy security to all.

| wish the organizers and participants of this programme all success and congratulate
the organizers on this timely initiative,

03 January2013 [Samir K Brahmachari]
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New Delhi

Integrated Research and
IRADe Action for Development

Dr Jyoti Parikh
Executive Director
IRADe

MESSAGE

Water and energy and food security issues are closely tied and
getting more critical by each day. Increasing population,
urbanization, climate change and poverty are causing stresses
that need tobe understood and dealt with from multi -
disciplinary and multi - stakeholder perspectives.

I am happy that IDSAsr is organizing this event to get
deeper into the issues.

Unfortunately 1 am unable to join you but will look
forward to receiving the proceedings.

I wish you all the success in this endeavour.

With best wishes

(Jyoti Parikh)
Executive Director
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% THE ENERGY AND RESOURCE INSTITUTE

R K Pachauri Ph. D Darbari Seth block
Director General IHC Complex
Lodhi Road

New Delhi-110003

MESSAGE

| am very glad to see that the Guru Arjan Dev Institute of
Development Studies is organizing a seminar on the theme of
water, energy and food security, focusing on the nexus
between these three important subjects.

It is becoming increasingly clear that a segmented approach
dealing with anyone of the three issues, water, energy or
food, would really not solve the serious problems that the
world is facing in this regard. One factor that would affect
development in all the three areas is related to the impacts of
climate change. For instance, in the case of water, increasing
temperature, particularly the increase in frequency and
intensity of heat waves would have serious implications for
water availability. So also would the increase in extreme precipitation events. In fact, the
Intergovernmental Panel on climate change(IPCC) has found that even in areas where there is a
decline in average annual precipitation, a much larger proportion will take place in the form of
heavy falls. This would have major implications for water availability seasonally during the
entire year. Food security would also be affected by climate change because of the impacts on
agriculture not only on account of the changing water regime, but also the direct impacts of
increased temperature on a number of agriculture crops. In fact the IPCC has found that as
early as 2020 some countries in Africa may see a decline of 50 percent in yields of some crops as
a result of climate change and climate variability.

All these impacts and changes are taking place against the background population growth and
increases in incomes, as a result of which demand for water, energy and food is likely to
increase significantly. There are also direct linkages between water, energy and food production
and it is important to evaluate the nexus between the three.

To that extent | hope the seminar being organized will address the technical, economic nad
institutional challenges in dealing with the triple challenge of water, energy and food security in
the country, for which institutions like the Guru Arjan Dev Institute of Development Studies have
an important role to play.

(R K Pachauri)
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Dr Mahmoud Solh

Director General,
International Center for Agricultural Research in the Dry Areas (ICARDA)

MESSAGE

e It is my pleasure to be associated with the 4th IDSAsr
International Seminar on “Water, Energy and Food Security”.
ICARDA, the International Center for Agricultural Research in
the Dry Areas, shares many of the same objectives as the GAD
Institute of Development Studies. Both institutions recognize the
importance of these three factors, and the inter-relationships
between them. And both institutions are committed to research
and partnership-building to develop solutions to ensure food
security for future generations without depleting water or energy
reserves.

Food security is an issue that concerns almost every developing country, including those with
strong economic growth. Climate change, for example, will lead to lower rainfall, extreme,
temperatures, greater seasonal variability, drought and floods and higher intensity of other
extreme weather events... all contributing to lower agriculture productivity, and higher and
more volatile food prices in many developing countries.

Water resources are at the heart of ICARDA’s mandate. The Center works in dry areas, where
water scarcity is already approaching critical levels— and will further worsen, as a result of
climate change. Whether societies achieve their economic and social development goals will
depend largely on the availability of water for agriculture, and efficient, sustainable
management of this water. Scarcity of agricultural water will be the key constraint to food
production, economic development — and even social stability.

Cheap, plentiful energy will be needed to sustain agricultural production growth. Instead,

developing countries are likely to face severe energy shortages, because the world has failed to
invest more in renewable sources energy or their sustainable use.
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All three factors — water, energy, food security — are intertwined. I am glad to note the “nexus”
approach taken by this seminar, which will explore these relationships. A better understanding
of these relationships will help develop appropriate technologies for developing countries,
analyze trade-offs between different policy options, and identify institutional arrangement to
implement such policies.

ICARDA and its partners have developed a range of water-efficient technologies that are being
scaled out across dry areas in West, Central and South Asia, North Africa and Sub-Saharan
Africa. We have also demonstrated the need for — and effectiveness of — integrated, multi-
disciplinary approaches to tackle the complex problems faced by small-scale farmers in dryland
areas. Many of these innovations can be adapted to local conditions, and scaled out even more
widely. ICARDA will be happy to provide technical advice, support and training; and to develop
collaborative projects with national research and extension agencies, universities and other
partners to achieve food security, improved livelihoods and a healthy environment.

| wish the meeting all success. | am sure the discussions, involving so many eminent
professionals, will provide scientists as well as policy makers with new insights on these crucial
challenging issues.

( Mahmoud Solh)
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PUBLISHER NOTE

It gives us immense pleasure to place before you this publication (eBook)
before you based on the various papers received for presentation and discussion
at the seminar contributed by the emmienent researchers in the their own field of
excellences at the 4t National/International Seminar on the theme Water
Energy and Food Security. Some of the papers were also invited for this
complitation and revised in the light of discussion at the seminar. We regret it
has not been possible to publish in full length a large numbers of papers due to
time constraints and hope the contributors whose papers could not publish in full
would appreciate our difficulty and bear with us. The publication of this ebook
was made possible with the financial support of the society. However the
seminar was jointly sponsored by Council of Scientiific and Industrial Research,
and Ministry of Earth Science, Government of India, New Delhi.

Publisher as well as the institute/ society is not responsible for any error or
omission of the contents/subject matter of the papers. The authors are only

responsible for that. Views and comments/ suggestions are most welcomed
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Guru Arjan Dev Institute of Development Studies

14-Preet Avenue, Majitha Road, PO Naushera,
Amritsar-143008

(Under the aegis of Guru Arjan Dev Institute of Development Studies Society)
Registered under the Societies Registration Act XXI of 1860
(Institute in General Consultative Status with Economic and Social Council of United Nation)

Dr Gursharan Singh Kainth
INTRODUCTORY REMARKS

Director cum Seminar Convenor

Rethinking Nexus: Water Energy and Food Security
The International Energy Agency’s (IEA) warning that water demand
would outstrip energy demands two-fold highlighted the scale of
water-energy nexus. But the reality is more complex. Critically, a
global population expansion to 9 billion people by 2050, coupled with
increased economic growth, will intensify competition for water, as well as increasing the need
for food and energy, creating a trilemma for 21% century society to resolve.
Traditional water-energy nexus thinking highlights the mutual importance of water and
conventional energy. Energy is fundamental to collect, transport, distribute and treat water.
Water is essential to extract process and refine fossil fuels. The onset of climate change further
exacerbates the interconnectivity of the energy-water nexus.
A global water gap of 40 per cent between demand and accessible water by 2030 and that water
consumption is set to rise from 4,500 billion cubic metres to 6,900 billion cubic metres with no
change to business as usual practices and policies, such as improved ‘crop per drop’ irrigation
and rain-fed measures.
Agriculture accounts for 71 per cent of current total global water withdrawals. A 50 per cent
population increase will exponentially increase agricultural output, requiring more water and
energy through fertilizers, harvesting and processing. India could double water consumption
through to 2030 to 1.5 trillion cubic metres, leaving the country with a 50 per cent water gap.
Anticipating any substantially positive impact of genetically modified organisms (GMQOs) in
developing plants that combine higher energy content with reduced water consumption is
difficult.
A call was raised for awareness of the nexus between water, food and energy security, as well as
climate change. A serious water crisis ahead has been realized as many groundwater resources
are depleted, while demand for food and energy is increasing. By 2030, the world’s population
and economic growth are expected to lead to a 40 per cent increase in energy and water
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demand, and a 50 per cent increase in food demand. Meanwhile, climate change puts additional
strain on agriculture.

The increases in food prices in the recent past too have been closely linked to rising energy and
oil prices, with serious economic implications. The poor are particularly affected by high food
prices as they spend a high proportion of income on food. Worryingly, the triple food, fuel and
financial crisis of recent years may be a taste of things to come.

Global agriculture is also highly dependent on energy from fossil fuel-burning for many
processes, from on-farm mechanization, to fertilizer production, to food processing and
transportation. The price of oil is also closely correlated with the price of fertilizer.Energy is
crucial for production and transport of food, from the ‘farm to fork’. The food sector currently
accounts for around 30 per cent of the world’s total energy consumption and over 20 per cent of
greenhouse gas emissions. The emerging biofuels market increases interdependencies between
food and energy prices, since feed and fodder commodities are being used for biofuels, and also
because a higher oil price increases demand for biofuels. The Stockholm Environment Institute
(SEI) has found that growing bio-fuels from crops is extremely water-intensive, as well as being
a practice which puts pressure on food crops. According to the FAO, it takes 2,500 litres of

Energy and water are both NJ absolutely  essential ~ for
food. This is especially true 4 B N\ because irrigation is used for
the production of roughly 40 f \

this  way,  agriculture , S accounts for about 70 per
cent of all freshwater V\r\/ withdrawal. Inefficiency in

one area can also lead to inefficiency in another. For
example, subsidized electricity for irrigation can lead to over-pumping, which contributes to
groundwater depletion. Where water is extremely scarce, desalination — which is highly energy-
intensive — is used.

As conventional fossil-fuel sources become depleted, we have seen a shift to processes like
hydraulic fracturing (‘“‘fracking”) which are even more water-intensive. Extraction and
processing of oil sands uses about 100-1000 litres of water per gigajoule (GJ), compared to 10-
100 litres for conventional oil and gas. According to the World Resources Institute (WRI), 79 per
cent of new planned power capacity in India will be built in water-stressed areas. Use of Carbon
Capture and Storage (CCS) technology also increases water consumption.

Renewable energy has brought new challenges. Hydropower, already the world’s dominant
source of renewable energy, is a prime example of a technology that must be carefully managed
to avoid negative impacts. Dams can affect biodiversity, fish migration and have impacts on
downstream food security. We must start to think about the ‘water productivity’ of
energy. Solar power, for example, hardly uses any water.

water to produce one litre of . biofuels for transportation.
New legislation may be ‘/‘ < needed to address the impact
of biofuels mandates on food S and water security.

2N\

per cent of global food. In
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In the long-term, it will be necessary for our food to be produced using sustainable energy
resources and this is likely to require a transformation in agricultural systems. At the moment,
we are seeing the opposite occur: food crops such as maize and soy are being used to fuel
energy-consuming transport. This issue must be tackled. Otherwise, there is a risk that food
prices will continue to sky-rocket.

Research is only just beginning to explore the complex issues in the food-energy-water nexus.
What is clear is that better collaboration is needed between different sectors. Policy-makers must
ensure that expansion of certain types of energy does not put a strain on other vital resources.
Policy-makers often work in silos — for instance, there can be little cooperation between those
working on reducing emissions and those on adapting to climate change. This may have led to
the controversial issues created by biofuel expansion. It is clear a more holistic outlook is
needed in tackling these problems and managing increasing demands for energy, water

This water gap presents the opportunity for water-rich countries, such as Canada, to address
how to maximize its freshwater resources to provide virtual’ water through intensive products
and commodities to water scarce countries. Current energy trends exacerbate the trilemma.
Average global temperature increases of 3.6°C are likely. The current global energy
infrastructure will contribute 80 per cent of the greenhouse gas emissions necessary to reach a
2°C warming, the threshold of serious climate change predicted by the Intergovernmental Panel
on Climate Change (IPCC). And the US Third National Climate Assessment suggested extreme
scenarios could lead to a temperature increase of more than 5°C by the end of the century,
causing cataclysmic climate change by IPCC projections.Moving from this current energy trend
is problematic. Fossil fuels are projected to comprise 80 per cent of global energy demand to
2035 with current policies. A shifting of fossil fuel subsidies to renewable energy subsidies could
see renewable energy supply over 60 per cent of demand.

From a water perspective, this energy shift could be advantageous. Energy’s water dependency
accounted for 15 per cent — 583 billion cubic metres — of global water withdrawals in 2010.
While only 66 billion cubic metres are not returned to source, energy-related water withdrawals
are anticipated to increase by 20 per cent by 2035, with a dramatic 85 per cent increase in
consumption. The rate of water not returned to source would almost double to 120 billion cubic
metres.

In contrast, the use of renewable energies to 2035 is predicted to increase water consumption by
only 4 per cent although some technologies — such as concentrated solar power, which generates
steam to drive turbines — would be more water intensive than others. Tackling climate change
through measures such as carbon capture storage could also prove to be water intensive.

But energy is vital to humanity and development. Worldwide 1.3 billion people have no access to
electricity, while 2.6 billion people use traditional biomass for cooking. Does the world need to
rely on fossil-fuels to bridge this energy gap? Wind, water and sunlight can provide all new
energy to 2030 and replace pre-existing energy sources by 2050. Society, industry, governments
and investors have to wake up to the reality surrounding food, energy and water — and fast.
There are alternatives to fossil fuels but there are no alternatives to food, or freshwater.
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Nearly one-third of all food produced gets lost or wasted in production and consumption systems,
according to the Food and Agricultural Organization. In a world of 7 billion people, set to grow
to 9 billion by 2050, wasting food makes no sense — economically, environmentally and ethically.
Small but simple actions by consumers and food retailers could dramatically cut the 1.3 bn
tonnes of food lost or wasted across the world each year. Requesting smaller portions at
restaurants, freezing leftovers and donating to food banks can help make a difference, while
retailers and supermarkets should be carrying out audits and working more closely with their
suppliers to reduce waste.

Together, we can reverse this unacceptable trend and improve lives. In industrialized regions,
almost half of the total food squandered, around 300m tonnes annually, occur because
producers, retailers and consumers discard food that is still fit for consumption. This is more
than the total net food production of sub-Saharan Africa, and would be sufficient to feed the
estimated 870 million people hungry in the world.

According to the FAO, 95 per cent of food waste in developing countries are unintentional losses
at early stages of the food supply chain, caused by financial, managerial and technical
limitations in harvesting techniques; storage and cooling facilities in difficult climatic conditions;
infrastructure; packaging and marketing systems. But in the developed world, the end of the
chain is far more significant. At the food manufacturing and retail level, large quantities of food
are wasted because of inefficient practices, quality standards that over-emphasize appearance,
confusion over date labels and consumers being quick to throw away edible food due to over-
buying, inappropriate storage and preparing meals that are too large. Per capita waste by
consumers is between 95 kg and 115 kg a year in Europe and North America/Oceania, while
consumers in sub-Saharan Africa, south and south-eastern Asia each throw away 6 kg to 11 kg a
year.
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WA TER, FOOD AND ENERGY NEXUS IN
SOUTH ASIA: A NEW PATHWAY TO
SUSTAINABLE ADAPTATION

Golam Rasul and Bikash Sharma
International Centre for Integrated Mountain Development,
GPO Box 3226, Khumaltar, Lalitpur, Kathmandu, Nepal

ABSTRACT

Adaptation to climate change has received increased attention in recent years in the academic
and development discourse. Effective adaptation to climate change requires the efficient use of
land, water, energy, and other vital resources, together with coordinated efforts to minimize
trade-offs and maximize synergies. The concept of water, energy, and food nexus is considered to
be an effective mechanism for enhancing resource use efficiency, minimizing trade-offs, and
maximizing synergies in resource use. However, as in many developing countries, the policy
process in the countries of South Asia generally follows a sectoral approach that does not take
into account the interconnections and interdependence among the three sectors. In designing
effective adaptation strategies, it is critical to understand the linkages between the nexus
perspective and adaptation to climate change.

This paper seeks to increase understanding of the interlinkages in the water, energy, and food
nexus, explains why it is important to consider this nexus in the context of adaptation responses,
and argues that focusing on trade-offs and synergies using a nexus approach could facilitate
greater climate change adaptation and help ensure food, water, and energy security by
enhancing resource use efficiency and encouraging greater policy coherence. The paper
provides a conceptual framework for considering the nexus approach in relation to climate
change adaptation, discusses the potential synergies, and finally offers a broader framework and
reform measures for making adaptation responses more effective and sustainable.

KEYWORDS: Water-food-energy nexus; Adaptation to climate change; South Asia; Policy
coherence; Trade-offs; Synergies

WHY IS NEXUS-BASED ADAPTATION IMPORTANT?

Climate change is already threatening both the development process and the basic elements of
life, such as access to water, energy, food production, and the environment, around the world and
especially in developing countries. With 70 per cent of the expected global population of 9.2
billion people living in cities by 2050, demands for water, energy, and food will increase
exponentially. The demand for food is expected to raise by 35 per cent by 2030 and for water and
energy by 40 per cent each (Hoff 2011). Currently, somel.2 billion people live in regions with
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insufficient water to meet human needs, and at least 1.5 billion are without access to modern
forms of energy. By 2040, one-third of the world’s population will live in areas of water stress
(Hajkowicz et al. 2012). Competition for land for food and energy is expected to increase. In
2008, about 100 million tons of cereals (4.7 per cent of global cereal production) were used in
the production of biofuels. Global energy use has approximately doubled over the last 30 years,
and by 2040 the demand is likely to grow by more than half again. Thus, competition for land for
biofuels is likely to increase further. There is growing evidence that the atmosphere will continue
to warm throughout the twenty-first century, which will affect water availability, food production,
and energy use and require effective adaptation. Climate change is both affecting and affected by
the nexus. The failure to pursue new adaptation pathways for sustainably managing the water
food and energy nexus will exacerbate the future climate change thereby perpetuating the vicious
cycle of unsustainability.

The global community is looking for new approaches and solutions to adaptation to climate
change, as well as to meeting development challenges, such as ensuring water, energy and food
security that are critical for human survival and sustainable well-being. Water, energy, and food
are all subject to rapidly growing global demand and all face resource constraints, while billions
of people lack sufficient access to them (Bazilian et al.2011). The ongoing depletion of these
strategic resources as a result of unsustainable consumption and production patterns is
constraining future economic growth and social progress and threatening the very basis of human
survival, and the situation is likely to worsen in the face of increased demands. The Rio+ 20
Declaration “The Future We Want” stresses the need for balanced integration of economic, social,
and environmental concerns in economic development and also highlights the urgent need to
address food, water and energy security in such a manner so as to reduce the adverse impacts on
human and natural systems as one of the greatest challenges facing humanity.

Meeting this challenge has emerged as a top priority on the national and international
development agenda. Mitigation and adaptation are complementary components of a response
strategy to climate change aimed at reducing the extent as well as increasing the resilience to
change. Adaptation is critically important in developing countries, where large numbers of
people depend on climate-sensitive sectors such as agriculture, forestry, and fisheries; have
limited resources and capacity and live in climate-vulnerable settings such as mountains and
coastal areas (WRI 2011).

The goal of adaptation is to reduce vulnerability to both climatic and non-climatic changes; thus,
it is closely linked with the sustainable use and management of water, energy, and food, all of
which are vital for sustainable development. The production and consumption of water, energy
and food are closely interlinked, forming a nexus, with changes in any one component likely to
have a marked impact on the others. However, they still tend to be treated as separate issues,
both in regular development planning and in planning for adaptation. The failure to recognize the
close linkages can result in counter productive actions that threaten the success and sustainability
of planned interventions, which is particularly problematic in adaptation, where changes are
being made to enable survival in a future changed situation for which there is no guiding
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experience. At the same time, recognition of the nexus offers possibilities for planning to be
made more effective. There are several compelling reasons for pursuing nexus- based adaptation
as an effective strategy to meet future challenges.

Promoting Synergy and Co-benefits: Although interest in adaptation to climate change
impacts has surged in recent years, the focus has remained sectoral. The role of the water-food-
energy nexus in addressing the competing demands of and facilitating, adaptation and
development has not yet been fully recognized. Historically, most adaptation plans, including the
National Adaptation Programmes of Action (NAPASs) have been prepared to meet sectoral goals.
They generally focus on sectoral and project-based activities, without adequate consideration, or
coordination, of cross-sectoral interactions among key climate-sensitive sectors, such as water,
energy and foods, which can be used to minimize trade-offs and promote synergy and co-benefits.
Overcoming Maladaptation Practices: Sectoral adaptation strategies can increase
vulnerability or undermine net resilience by decreasing capacity or increasing risks in another
place or sector, resulting in maladaptation practices (Walker et al. 2006; Urwin and Jordan 2008;
Barnett and O 'Neill 2010). For example, in China, excessive use of pesticides in food production
has had a negative impact on health costing an estimated USD 1.4 billion per year and has
adversely affected farm and off-farm biodiversity (Norse et al. 2001) which in turn has
negatively affected food production. Similarly, subsidies for ground water extraction, provided
by many South Asian countries to cope with surface-water shortages and uncertainty in water
availability, have led to over exploitation of groundwater, wastage of scarce water resources, and
increased demand for energy for pumping, ultimately undermining food and energy security.
Baluchistan, an arid region of Pakistan, is now growing apples and other fruit through
groundwater irrigation which requires huge amounts of energy, while the country faces crippling
shortages of energy for other activities (Mustafa and Qazi 2007; Khair 2013). Overcoming these
problems is not possible without taking a nexus perspective to develop integrated solutions.
Ensuring Policy Coherence and Coordination: The prevailing approaches see
adaptation largely a local issue with a community or ecosystem focus (Hug and Reid 2004) and
ignore the role of the national, regional, and global policies and institutions which shape
adaptation options and choices. Local adaptation approaches often prove unsustainable owing to
inadequate institutional support (Agrawal 2010). Climate change brings multiple stresses, and
adaptation requires comprehensive and integrated approaches with coordination between
different sectors and at different scales - local, national, and regional. As water, energy and food
are critical for human survival and sustainable well-being, managing these vital resources
sustainably requires a nexus perspective.

Addressing Planetary Boundary and Resource Scarcity: On going global climate
change, the rapidly increasing population, urbanization, globalization, and aspirations for better
living standards are already posing a challenge to planetary sustainability, pushing the planet
beyond its carrying capacity. Climate change and anthropogenic pressures have exacerbated the
pressure on water, energy, and food (Rockstrom et al. 2009). All three sectors are both highly
vulnerable to climate change and contribute heavily to that change through their greenhouse gas
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emissions (Howells et al. 2013; Callow et al.2011). Adaptation is therefore, intrinsically linked
to water, energy and food security. The nexus approach provides a framework for addressing
competition for resources through enhancing resource use efficiency. Although the likely impacts
of climate change on water, energy and food production have raised serious concerns and has
been emphasized in the pursuit of appropriate adaptation measures, the links among water,
energy and food, and the role of this nexus in sustainable adaptation, have not yet been well
researched. Failure to consider the nexus of water, energy and food in resource assessments and
policy making has led to contradictory strategies and inefficient use of resources (Howells et al.
2013).

Need for Urgent Action

With large populations, limited land resources and growing water stress, South Asian countries
face the common challenge of how to grow more food with the same or less land, less water, and
increased energy prices. Rice and wheat, the staple foods in the sub region, require huge amounts
of water and energy. Efficient and coordinated management of water, energy and food is critical
for adaptation and mitigation to climate change in the region (Rasul 2014).

Organization of the Study:

Understanding the role of the water, energy and food nexus in adaptation is an essential basis for
designing effective adaptation policies and strategies; this study using South Asia as an example,
argues that in the developing world, focusing on the trade-offs and synergies of the water, energy
and food nexus is a potential strategy for integrated and efficient resource management and for
adaptation to address future challenges in a systematic way. Following this introductory section,
section on “Conceptualizing Climate Change Adaptation and the Water, Energy and Food
Nexus” provides an overview of the concepts of climate change adaptation and the water, energy
and food nexus; section “Challenges of Food, Water, and Energy Security and Adaptation to
Climate Change in South Asia” discusses the inter related challenges of water, energy, and food
security in the South Asian region and the implications for adaptation to climate change; section
“Synergies in the Water, Energy, and Food Nexus and Adaptation Strategies” provides a more
detailed discussion of the synergies between water, energy, and food and the way in which the
nexus perspective can help in adaptation to climate change; and finally, section “Towards a
Nexus-Based Framework for Sustainable Adaptation” offers a broader framework and reform
measures for making adaptation responses more effective and sustainable. The study relies
predominantly on information drawn from secondary sources, including books, reports, and
journal articles. Some information has been drawn from the research experience of the
International Centre for Integrated Mountain Development (ICIMOD) in the HKH region over
the past 30 years, as well as the authors’ own research experience in the region.

CONCEPTUALIZING CLIMATE CHANGE ADAPTATION AND THE

WATER, ENERGY, AND FOOD NEXUS
Although a growing body of literature is emerging on both adaptation to climate change and the
water, energy and food nexus, the linkage between the two is rarely explored or articulated in the
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policy- program- action continuum. This section briefly examines these concept and their
linkages.

Evolving Approaches to Adaptation to Climate Change:

Adaptation has received increased attention in recent years in the academic and development
discourse. Different scholars defined adaptation in different ways based on their professional
interests (e.g., Adger et al. 2005; Doria et al 2009; Smit and Wandel 2006; OECD 2009). In
terms of climate change, adaptation has been defined as the process or adjustments through
which people reduce the adverse effects of climate on their health and well-being and take
advantage of the opportunities that their climatic environment provides (IPCC 2007). Adaptive
capacity and vulnerability are thus important concepts for understanding adaptation. While
vulnerability can be seen as the context in which adaptation takes place, adaptive capacity is the
ability or potential of a system to respond successfully to climate variability and change, in order
to reduce adverse impacts and take advantage of new opportunities (World Bank 2010).

The concept of adaptation continues to evolve, however, and its focus is gradually changing from
simply responding to the impacts of climate change to addressing the underlying factors that
cause vulnerability. More specifically, approaches to adaptation have evolved from the initial
infrastructure-based interventions to a more development-oriented approach based on building
broader resilience to climate hazards by addressing the underlying causes of vulnerability rather
than simply responding to the symptoms (Calow et al. 2011; Davies et al.2013). Transector and
transboundary considerations, however, are only just emerging. Table 1 shows how adaptation
approaches have evolved over the past two decades in terms of assessment of risks,
mainstreaming, focus, and scope. In the 1990s, the focus was on assessment of the climate risks
and aimed at reducing climate impacts using a locally specific sectoral approach. In the 2000°s,
the theory of adaptation, including the notion of mainstreaming gained momentum faster than
policy and practice, although the sector-based approach still dominated in mainstreaming. In the
current decade, the emphasis has shifted, with adaptation linked more towards sustainable
development. There has been a shift away from sectoral approaches and an emerging emphasis
on cross-sectoral and transboundary approaches, for example, focusing on river basins.

Broadly, there are two distinct perspectives on how to approach adaptation in developing country
contexts. The first focuses on reducing climate change impacts. The second focuses on reducing
vulnerability by addressing not only climate change but also other drivers of vulnerability and
poverty such as gender and social equity, as well as other structural factors hindering long-term
sustainable development.

In practice, most interventions fall somewhere between these two extremes. The development-
oriented approach emerged based on the underlying premise that people are vulnerable not only
to climate change but also to arrange of other stresses, depending on access to resources and
other socio-environmental circumstances shaped by political and economic processes (Kelly and
Adger 2000; O Brien et al.2004). Technological measures designed to adapt to specific changes
in climate may fail to address the issues local people consider most urgent, such as access to
water, food and energy and livelihood security.
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TABLE 1: EVOLVING APPROACHES TO ADAPTATION

Feature 1990s 2000s 2010s
Overall Reducing Climate | Reducing Climate Risks | Reducing Climate Risks
Objective Risks and Impacts and Uncertainties and Impacts With Socio
Economic Improvements
Main Streaming Climate
Change Adaption and
into Development
Scope Sector-based approach, | Sector-based approach | Trans-sector and
location specific ,but adaptation main | transboundary
streamed into sectoral | approaches started
planning
Focus of Protective: coping | Preventive: coping | Transformative: building
activities strategies, protection of strategies, preventlon.of adaptive _ capacity,
those most vulnerable | damaging strategies | transforming social
to climate risks and | arising from risks to | relations to  combat
with low levels of | climate-sensitive discrimination and
adaptive capacity livelihoods underlying social and
political vulnerability
Activities Activities  seek  to | Managing Climate | Building Response
address impacts | Risks: activities seek to | Capacities:
exclusively associated | incorporate climate- | activities seek to

with climate change:

provision of social
services; social
transfers  (food/cash),

including safety nets

related information into
decision-making

build robust system

for problem
solving

Addressing the
drivers of
vulnerability

activities seek to
reduce poverty and
other non-climatic
stressors that make
people vulnerable

Sources: Adapted from Davies et al. (2013) and Calow et al. (2011)

It is increasingly recognized that successful adaptation will require interventions that address the
full spectrum of challenges, including underlying causes of vulnerability, in the context of other
theories of risk and development. As pointed out by Schipper (2007), “mainstreaming will not be
effective if esisting development trajectories are inconsistent with the objectives of adaption. It is
vulnerability reduction that should be integrated into development policy, rather than the creation

of explicit adaptation strategies.

In this sense, focusing on adaptation before aligning
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development processes through the creation of enabling conditions for adaptation is like “putting
the cart before the horse.”

Concept of Sustainable Adaptation

Debates on climate change adaptation have taken place largely outside the broader discourse on
sustainable development (Bizikova et al. 2013). Sustainable development has only been included
as a theme by the IPCC since the third assessment (Munasinghe and Swart 2000), and little
attention has been paid to the identifying principles that create synergies between adaptation and
sustainable development. Climate change adaptation can be made more relevant to policy by
contextualizing it within a sustainable development framework (Robinson and Herbert 2001).
Eriksen et al. (2011) defined: “sustainable adaptation as “a set of actions that contribute to
socially and environmentally sustainable development pathways, including social justice and
environmental integrity”. It considers the wider effects of adaptive responses on other groups,
places, and socio-ecological systems, both in the present and in the future.” According to Doria
et al. (2009, p.815), “Successful adaptation is that adaptation that generates net benefits for the
adapting party, in both the short- and long-term, without causing net loss of welfare for the wider
society.” A sustainable adaptation process requires adjustments in policies, institutions, and
attitudes to establish enabling conditions for sustainable development through reduction of
vulnerability, while at the same time overcoming factors that cause vulnerability to climate
change. Considering that note very adaptation intervention reduces poverty and inequality (and
some poverty reduction measures may aggravate vulnerability), sustainable adaptation measures
need to specifically target the nexus between vulnerability and poverty (Eriksen and O’ Brien
2007; Eriksen et al. 2011) while emphasizing transitions to low-carbon economies (Winkler and
Marquand 2009).

Principles of Sustainable Adaptation:
Although as yet there is no framework or set of principles for sustainable adaptation agreed by
all stakeholders, certain key principles can be discerned:

» Adaptation is an integral part of sustainable development that meets the needs of the
present generation without compromising the ability of future generations to meet their
own needs, grow and adapt.

» Adaptation must be addressed in a comprehensive and intersectoral manner, as part of
overall development.

> Adaptation of one sector or one community should not lead to a net loss of welfare for
the wider society.

> Adaptation responses and mechanisms should be sensitive to the needs of local
communities and their resources, knowledge, and culture.

Concept of Food, Water and Energy Nexus:

The discourse on food, water, and energy security is driven by the growing pressure on natural
resources. The demand for food, water, and energy is growing steadily, but the resources
required to generate them are limited and in many cases dwindling (Rockstrom et al.2009 a,b;
State of the Planet Declaration 2012).The interdependencies among water, energy and food are
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numerous and multidimensional; this relationship is often called the Food, Water and Energy
Nexus (although the order of the components may vary). Though the discourse on this nexus has
been gaining currency (Marsh and Sharma 2007; Hoff 2011; Hussey and Pittock 2012) but how
the concept can be applied to ensure food, water and energy security is not yet clearly understood.
Understanding the different inter faces in the food, water and energy nexus is critical for taking
sustainable adaptation action to address food, water and energy security.

Complex Interrelationships

» Water for Food and Energy: Water plays a vital role in food and energy production and
in sustaining the ecosystems which support agriculture and other economic activities that
are critical for achieving food security (Molden 2007; Hellegers et al.2008).

» Energy for Food and Water: Energy is required for food production (especially
irrigation) and for water supply, including extraction, purification and distribution of
water (Nonhebel 2005; Bazilian et al.2011). Nearly 7 per cent of the world’s commercial
energy production is used for managing the fresh water supply (Khan and Hanjra 2009).
Agriculture accounted for almost 21 per cent of the total power consumption in India
(Kumar et al.2012).

» Agriculture and Land for Energy and Water: Agriculture has a dual role as an energy
user and as an energy supplier in the form of bioenergy. Sustainable agricultural practices
such as actions to avoid land loss or degradation save water by increasing soil water
storage and groundwater recharge. They also save energy, for example, by reducing the
use of energy-intensive fertilizers. Agriculture and food production have a further impact
on the water sector through their effects on land condition, runoff, groundwater discharge,
water quality, and availability of water and land for other purposes such as natural habitat
(Alauddin and Quiggin 2008).

The relationships among food energy and water are dynamic. Actions in one area usually have
had impacts on one or both of the others, with profound economic, environmental and social
implications. Indeed, the security of one sector often cannot be achieved without undermining
security in another sector (Newell et al 2011). The environmental footprints associated with
increased water and energy use or food production impose external costs to water and
ecosystems, thus threatening the sustainability and resilience of global water and food system
(Khan and Hanjra 2009).

The nexus approach aims to systematize the interconnections and proide tools to acces the use of
all resources (Hermann et al.2012). It is a system-wise aopproach; it recognizes the inherent
interdependence of the food, water and energy sectors for resource use, seeks to optimize the
trade — off and synergies and recognizes the social and environmental consequences (Bazilian et
al 2011; Prasad et al 2012). Understanding the linkages within the food energy and water nexus
can provide opportunities to increase resource use efficiency and enhance cooperation and policy
coherence among the three sectors. For example sustainable agricultural practices, such as those
designed to prevent land degradation, save water and energy by increasing water storage in the
soil and groundwater recharge and by reducing the use of energy-intensive fertilizers. The nexus
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perpective should help to promote inter disciplinary and mutaually beneficial actions (Scott et al
2011). It can contribute to meeting the future needs of the global population, particularly those
who do not have accesses to safe drinking water and modern energy (Marsh 2008). From this
perspective, identification of crucial interactions, conflicting demands, and potential synergies in
the water, energy and food nexus can be a powerful entry point for achieving sustaibale adaption.

Key Principles of the Nexus Approach:
The nexus approach is centred on core principles of efficiency, equity and sustainability. Thje
fundamentals of the approach can be summarized as follows:

» Understand the interdependence of subsystems within a system across space and time,
and focus on system efficiency (using a system-based approach to natural resources
policies and regulations rather than the productivity of individual sectors to provide
integrated solutions that contribute to water energy and food security and sustainable
development.

» Recognize the interdependence between water, energy, and food and promote the wise
development and efficient use of these resources in an environmentally responsible
manner.

» ldentify crucial interactions, conflicting demands, and potential synergies to minimize
trade-offs and maximize synergies across sectors, and encourage mutually beneficial
responses that enhance the potential for cooperation between and among all sectors.

» Ensure policy coherence and coordination across sectors to build synergies and generate
co-benefits to produce more with less, while reducing loss and waste in the spirit of the
3Rs principle- Recharge, Retain and Reuse — and contributing to long-term sustainability
with limited environmental impact.

» Value the natural capital of land, water, energy, and ecosystems to support the transition
to sustainability.

Interfaces between Water, Energy and Food Nexus and Adaptation Strategies
The water, energy, and food nexus and adaptation responses are interlinked in numerous ways.
Understanding the interlinkages is critically important for policymakers in devising sustainable
adaptation strategies. Table 2 shows the links between the adaptation response and nexus
approaches, which share many common features, while indicating complementarities and co-
benefits from nexus-based adaptation.

CHALLENGES OF FOOD, WATER, AND ENERGY SECURITY AND ADAPTATION

TO CLIMATE CHANGE IN SOUTH ASIA

South Asia is one of the most dynamic regions of the world in terms of population growth,
economic progress, urbanization, and industrialization. The demographic, economic, and
environmental changes in South Asia have increased the demand for resources, including food,
water, and energy, and intensified their use, which has serious implications for adaptation
strategies to ensure food, water, and energy security in the region.
The population of South Asia almost tripled from 588 million to 1.6 billion in the half century
from the late 1950s t02010 and is expected to reach 2.2 billion by 2025. With high population
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TABLE 2: COMPLEMENTARITIES AND CO-BENEFITS FROM NEXUS-BASED ADAPTATION

Key Nexus Approach Climate change adaptation Complementarities and Co-
Characteristics benefits from nexus- based
Adaptation
Goal Ensure  efficient use of | Build resilience and enhance | Understanding adaptation to climate
available resources to support adaptive capacities against | change is critical for addressing nexus
transition to sustainability climate and other risks challenges and efficient use of
resources is critical for effective
adaptation
Core Minimize resource waste and | Reduce vulnerability by managing | Since resource scarcity often increases
. maximize economic efficiency, | climate risks and building | people’s vulnerability, the nexus
Principles while accelerating the response capacity approach  may  contribute  to
sustainable supply facilitating adaptation and vice versa
Main Focus Provide integrated solutions Minimize  shock, risks, and | Cross-sectoral nexus analysis
that contribute to sustainable | vulnerability and address impacts | identifies trade-offs and synergies and
development and risks associated with climate | integrates policy implementation
change
Broad Policy integration Addressing  the  drivers  of | Diversification increases resilience; the
Strategies ,harmonization ,and vulnerability to climate change in | nexus strategy is critical for

governance to build synergies
and generate cobenefits across
sectors in a sustainable way

specific sectors through building
adaptive capacity and resilience

integration of climate adaptation and
mitigation, while broadening the scope
to address  poverty-vulnerability
linkages
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growth and industrial development, cereal demand is projected to rise to 476 million tons by
2025, compared to 241 million tons in 2000 (FAO 2011). But this higher agricultural production
has to come from the same amount of land and may be even from less land, because of
competing uses arising from population growth, urbanization, and industrialization. Per capita
food consumption has remained stagnant in many parts of South Asia in recent years, despite
impressive growth in per capita income (Alagh 2010). Low levels of consumption have
contributed to persistent hunger and malnutrition (Dev and Sharma 2010) in South Asia.

Increasingly Water-Energy Intensive Food Production in the Face of Water

and Energy Scarcity

Agriculture consumes about 90 per cent of the water and 20 per cent of the total energy used in
the region. Water, once considered abundant, has become increasingly scarce with declining per
capita water availability in Pakistan, India (Gupta and Deshpande 2004), and China (Liu et
al.2007). With about 60 per cent of the population in India and 65per cent in Pakistan relying on
groundwater for irrigation (Qureshi et al. 2010), they are already extracting ground water 56 per
cent and 25 per cent faster than it can be replenished, respectively. The increased extraction of
ground water has increased demand for energy and lowered the groundwater table in many parts
of the HKH region, especially the north western Himalayas. This has created a serious concern
for the entire region, as the shortage of water and energy severely constrains not only agriculture
but also the overall economic growth and human well-being. For example, the energy shortage in
Pakistan is causing a loss of about US $1 billion and 400,000 jobs per annum (GoP 2013). The
situation is similar in Bangladesh, India, and Nepal and is challenging overall macroeconomic
stability. Despite the complex interdependency of food, water, and energy among competing uses,
each Country in the HKH region has put forward a NAPA to address the issues /impacts of
climate change using a sectoral adaptation approach, with little or no attention being paid to a
nexus-based system-wise adaptation approach to deal with the vulnerability to climatic and non-
climatic changes. Considering that water, energy, and food are the vital resources for poverty and
vulnerability reduction, it is critically important to prioritize and devise an integrated adaptation
option based on a nexus assessment that reduces vulnerability to both climate and non-climate
changes.The key features and challenges of food, water, and energy security and their
interlinkages are summarized in Table 3.

SYNERGIES IN THE WATER, ENERGY AND FOOD NEXUS AND

ADAPTATION STRATEGIES

Sustainable adaptation options reduce vulnerability to both climate and non-climate changes and
Address vulnerability-poverty linkages. As water, energy, and food are vital resources for
poverty and vulnerability reduction, understanding the linkages among them is critical for
adaptation planning. This section attempts to explore potential areas of trade-offs and synergies
or comple- mentarities in the water, energy, and food nexus as a new tool to support development
of integrated adaptation strategies. Given the complex inter play of water, energy, and food
demand and supply, numerous challenges and opportunities exist to minimize trade-offs and
promote synergies to formulate sustainable adaptation options.
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TABLE 3: KEY FEATURES AND CHALLENGES OF FOOD, WATER, AND ENERGY SECURITY

IN SOUTH ASIA

Key Characteristics

Adaptation Challenges

Food, Water, and Energy Resources
and
Adaptation to Climate Change

Food Security

Food Security

Food Security

Huge chronically  undernourished
population. About half of the world’s
poor (46 per cent) and 35 per cent of
the world’s undernourished live in
South Asia

About 25per cent of the world’s
population (projected to reach 2.3
billion by 2050) live in just 3 per cent of
the world ’s land area

Declining crop land: Per capita arable
land continually declining due to
population growth, urbanization, and
increasing biofuels cultivation to meet
the energy demand

Intensive  food production: Food
production  becoming Increasingly
water and energy intensive

Changing food preferences toward
meat:

The meat production process requires
more energy and water

Sensitivity to climate change: Food

Provision of food, water, and energy to
a large malnourished population
without  degrading the natural
resource base and environment

Burgeoning human population: To
feed the growing  population,
agricultural production will have to
increase by 70 per cent, energy by 40
per cent, and Water by 57 per cent

Limited options for growing more
foodgrains by expanding crop area
Adapting to the declining groundwater
table

About 7 kg of grain equivalent energy
is required to produce 1 kg of meat

Uncertainty in water availability due
to rapid glacier melt and changes in
monsoon pattern in the Himalayas

To meet the nutritional needs of all,
food production needs to double in the
next 25 years

Increased pressure on land, water, and
energy to meet the increased demand

Competing demand for land for food

Agricultural growth is constrained
due to shortage of energy and water

Increased pressure on water to meet
the food requirement

Climate change is likely to be a
critical factor in increasing water and
energy demand for food production
and land demand for biofuels
production
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production is highly wvulnerable to
climate change due to rising
temperatures,  accelerated glacial
melting, increased evapotranspiration
and erratic rainfall,

Water Security Water Security Water Security

Growing water stress: Growing water | Providing access to safe drinking | Water-intensive adaptation practices

demand for agriculture, energy, | water in face of an increasing | leading to increased water pollution

industry, and human and livestock use; | variability in water supply and water borne diseases, high child

annual water demand is predicted to mortality and poor human health

increase by 55 per cent by 2030 | Need for enhanced upstream-

compared to 2005 downstream coordination and | Rivers originating in the mountains
cooperation for sustainable | area life line for dry-season water for

Upstream- downstream dependence on
water high dependence of downstream
communities on the upstream for water
to grow food and generate hydropower
Increased dependence on groundwater
for food production

About 70 to 80 per cent of agricultural
production depends on groundwater
irrigation

development of HKH water resources

Adapting to declining water tables

irrigation, hydropower,
economic activities

and major

Ground water pumping for irrigation
requires excessive energy which
further increases electricity demand

Food water and energy resources and
adaption to climate change

Energy Security

Energy Security

Energy Security

High energy poverty

About 63 per cent of the population
without access to electricity; 65 per
cent use biomass for cooking

Underutilized potential for hydro power
and clean energy

Providing adequate and  reliable
energy to a large population without
increasing population

Adaptation options are restricted

Growing demand for water and land
for energy production

Energy diversification to meet the
growing demands of food, water, and
economic growth

Source: Rasul,G, Sharma, B.(2015)
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While some adaptation measures such as water use efficiency, renewable energy, and growing
biofuels on waste land might have positive implications for water, energy, and food resources,
other measures for adaptation and mitigation such as extensive groundwater pumping,
desalination plants, and interbasin transfers of water to deal with water scarcity, and growing
biofuels to deal with fuel scarcity, may increase nexus challenges (Bazilian et al. 2011). Clearly,
any policy designed to reduce vulnerability to climate impacts in one sector will affect and be
affected by water, energy, and food linkages.

Promises of a Nexus-Oriented Approach for Sustainable Adaptation:

Potential for Synergy

Some sector-specific adaptation measures have the potential to provide synergistic “win-win”
opportunities to enhance climate mitigation or adaptation objectives across one or more of the
other sectors in the nexus, while other measures may have negative impacts on mitigation or
adaptation potential in other sectors (Table 4). For example, increasing the efficiency of
freshwater use as an adaptation measure has the potential for synergy across sectors, as it
increases the availability of water for energy and agriculture, while reducing emissions per capita.
But at the same time, it has potentially negative implications because resiliency gains from water
use reductions may be lost if conserved water is used to expand planted acreage. Similarly, mere
provision of irrigation water does not guarantee productivity because salinization induced by
irrigation reduces productivity. Electricity production in China and India also has water use and
carbon emission impacts, 78 per cent and 52 per cent of total electricity, respectively, and is
generated using fossil fuels (coal).

Electricity generation from wind or photovoltaic is typically much less water intensive than
generation from fossil fuels. Water smart technologies can save both water and energy while
improving food security. For example, micro-irrigation technologies, such as drip and sprinkler
irrigation methods, have been proven to be highly efficient in increasing crop productivity while
using less water, thereby saving both water and electricity, which is widely use for pumping
groundwater (Narayanamoorthy 2007). Experience has shown how increasing water use
efficiency could be a win-win option for nexus-based adaptation (UNESCO 2009). In planning
and policy, full consideration of such cross-sectoral interactions is critical to devising adaptation
options for enhancing synergies and reducing risks.

There are also strong links between energy, food security, and adaptation. Universal access to
adequate, affordable, and reliable renewable energy is both an adaptation and a mitigation
response to climate change and also enhances other options and choices for adaptation. Growing
biofuels on waste land can enhance the energy supply and thus reduce dependence on fossil
fuels. However, diverting cultivable land for biofuels can threaten food security. Holistic
adaptation to climate change can also support achieving nexus security by reducing vulnerability
and minimizing the risk of disasters. Understanding the potential synergies in the water, energy,
food, and adaptation nexus is critical for effective adaptation and sustainable development.
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TABLE 4: SYNERGIES BETWEEN CLIMATE CHANGE ADAPTATION AND NEXUS

APPROACHES
Sector | Sector-Specific Adaptation Positive Implications Potential for Synergies Across the
Measures for the Sector Nexus
Water Increasing water use efficiency Reduces water use per capita Increased availability of water for energy
Switching from use of fresh | Reduces fresh water use per land agriculture
water to waste water capita Increased availability of fresh water for
Switching from wet to dry | Reduces water use and food eneray, and other uses
cooling at thermo electric | associated thermal pollution S
power plants Desalinization Increase in brackish and fresh  |Increased availability of fresh water and
New storage and conveyance of | water supplies OVEFa” water  supply —for  energy,
water to serve new demands Increased water supplies to meet @driculture, and other uses
demand Increased water supply for energy a_nd
other uses, improved water quality,
reduction in ffood potential
Land Switching to drought-tolerant | Reduce vulnerability by [Reduced water demand
crops managing climate risks and

Using waste or marginal land
for biofuels energy

building response capacity

Reduced pressure on non renewable
energy as some fossils fuels are replaced
with biofuels

Energy

ncreasing transmission capacity

ncreasing renewable energy
2.0., solar, wind, biogas

Reduced economic and social
impacts
Increased clean energy and
reduced pressure on energy

Potential for reduced emissions if new
transmission and wind/ solar power
supplied to the grid

Reduced green house gas emissions,
reduced water demand for cooling,

thermal power

Source: Skaggs et al. (2012)
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Nexus-based adaptation offers a pathway to a nexus-smart green economy. For such a transition,
efforts to attain food security need to be water, land, and energy smart; efforts to achieve energy
and climate protection goals need to be water and land smart; and efforts to reach water goals
need to be energy and climate smart. As an example, the so-called Jyotigram scheme for
improved access to energy for both households and irrigation (water pumping) in Gujarat, India,
IS a promising integrated approach which has significantly reduced groundwater overexploitation
and increased energy and food security, while raising Gujarat’s GDP growth above that of the
rest of India (Shah et al. 2009). Another example of a nexus-smart green economy is the
Mongolia capital, Ulan Bator, the world’s second most polluted city, where a 50-MW wind farm
was built that will save 18,000 tons of carbon dioxide and 1.6 million tons of water each year. It
has led to an abundant potential for a green environment that can help poverty eradication and
provide jobs and sustainable development (Slezak 2013).

There are a number of ongoing approaches that can contribute to development of a nexus-smart
green economy that supports adaptation. For example, REDD+ intervention (reducing emissions
from deforestation and forest degradation) is a promising adaptation measure to conserve or
enhance biodiversity and forest ecosystem services (Danielsen et al.2011). REDD+ contributes
to mitigation, by increasing carbon sequestration, and canals obeused as an entry point to support
more efficient fuel use. At the same time, measures to improve water use and energy efficiency
can also support the sustainability of REDD+ interventions and ensure the permanence of carbon
stocks by preventing activity displacement and induced deforestation and by limiting or avoiding
damage to the ecosystem from extreme weather events. Similarly, payment for ecosystem service
(PES) approaches have a potential to contribute to adaptation by enhancing the provision of
ecosystem services, enhancing adaptive capacity, and providing incentive mechanisms to
encourage communities to adopt specific measures for adaptation to climate change (vande Sand
2012). Costa Rica’s PES program demonstrates ways to conserve and regenerate ecosystems and
thus improve long- Term adaptive capacity (Sanchez-Azofeifa et al.2007)

TOWARD A NEXUS-BASED FRAMEWORK FOR SUSTAINABLE

ADAPTATION

South Asia faces a difficult challenge in meeting the growing demands of the burgeoning
population for food, water, and energy, and the problem of ensuring food, water, and energy
security is further compounded by climate change. The goal of adaptation to climate change is to
reduce vulnerabilities to both climatic and non-climatic changes; thus, it is closely linked with
the sustainable use and management of water, energy, and food, which are also vital for
sustainable development.

Understanding the role of the water, energy and food nexus in adaptation is a key to designing
effective adaptation policies and strategies. The nexus approach is a system-wise approach that
recognizes the inherent interdependencies of the food, water, and energy sectors for resource use
and seeks to optimize the trade-offs and synergies, thus enabling adaptation responses to be
made more effective and sustainable. The nexus outlook can also help to stimulate critical
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thinking on aligning the sustainable development goals (SDGs) with planetary boundaries in the
post-2015 development agenda.

The nexus perspective is critical to ending a common solution for all three sectors, by
determining and resolving trade-offs and exploiting potentials for synergy to meet the increasing
demand without compromising sustainability. Strategies to facilitate adaptation to climate change
need to incorporate the dynamics among water, energy, and food and develop mechanisms for
progressive and transformational change that moves from sectoral to trans-sectoral adaptation.
The nexus approach requires a major shift in the decision making process towards taking a
holistic view and developing institutional mechanisms to coordinate the actions of diverse actors
and strengthen complementarities and synergies among the three sectors (Rasul, 2015). The
complex interplay of food, energy, and water demand and supply requires a holistic approach to
address the twin challenges of poverty and vulnerability for sustainable adaptation. A framework
is required in order to move from a sectoral to a holistic approach. Development of a detailed
framework is beyond the scope of this paper; however, abroad approach and some key elements
of the framework are suggested below for pursuing a nexus based pathway for sustainable
adaptation.

First and foremost enabling condition for such adaptation pathway is the need to take a system-
wise, integrated adaptation perspective in determining the trade-offs and synergies associated
with the complex interplay of food, energy, and water demand and supply to ensure the security
of all three sectors. This calls for ensuring policy coherence and cross-sectoral coordination,
harmonizing priorities and nexus smart investment and technologies.

These enabling conditions relate to targeting outcomes of nexus smart policy interventions that
underpin the three sustainability dimensions: economic (increasing resource efficiency), social
(accelerating access for all), and environmental (investing to sustain ecosystem services). Finally
there is a need to target the vulnerability-poverty linkages (over lap between poverty eradication
and vulnerability reduction) to reduce poverty and vulnerability concurrently, rather than treating
them separately, in order to ensure that adaptation solutions are sustainable.

The framework illustrates the need to understand how the context of vulnerability to both climate
and non-climate change influences the development of poverty and how people adjust their
adaptation strategies, before devising a nexus-based response strategy. It also shows why
adaptation should be an integral part of sustainable development, with climate change
implications factored into all development planning, decision-making, and implementation (Leal
2011). In this sense, the framework underscores the importance of identifying the potential
synergies and trade-offs between adaptation and mitigation measures and of integrating them in a
two-pronged approach to managing the short-and long-term disturbances to the climate in the
pursuit of sustainable development. The following are some broad recommendations:

» Tap New Water and Energy Sources to Alleviate Competition across Sectors: New
sources of water and energy should be exploited through investment in renewable energy,
rain and storm water harvesting, widely distributed water storage activities, and reuse of
water to alleviate competition across sectors for water and energy.
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Deepen the Nexus Knowledge Base: Develop analytical frameworks to better understand
challenges and to find opportunities for potential synergies in the water, energy, and food
nexus and sustainable adaptation. There is a dearth of knowledge and universal metrics
about interconnections between water, food, and energy in terms of resource use intensity
and the possible areas of trade-offs and synergies, including benefit and cost dynamics
and their distributive implications. Existing nexus metrics which define an output per unit
input are limited to two sectors only.

Promote a System-Wise Adaptation Approach for Win-Win Solutions: Move from a
sectoral to a trans-sectoral approach so that different adaptation responses and measures
support each other, synergy is enhanced, and trade-offs are minimized and efficiencies
are enhanced.

Strengthen Policy Integration and Policy Coherence: Strengthen policy integration and
policy coherence, while strengthening institutional capacity for coordinating/managing
the water, energy, and food nexus and adaptation together in a holistic way, through
stronger integration and governance mechanisms across sectors and among the major
actors (public-private-civil society partnerships).

Protect Essential Natural and Environmental Resources: Protect essential natural and
environ-mental resources and design mechanisms to include externalities into decision-
making by introducing appropriate incentives and regulations.

Place Nexus-Smart Policy for Adaptation at the Center of National Development
Strategies: Operationalizing the nexus perspective as a tool for adaptation requires
appropriate nexus smart policies and institutional capacities to manage coordination
across sectors. Such a perspective offers a powerful policy tool for moving form dual
nexus for two set of resource (e.g., water-food, food-energy, water-energy) to triple nexus
approach to address adaptation challenge and modify development trajectories and
outcomes, so salient in achieving the sustainable development goals.
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Food insecurity is a state where:
» food is not systemically available at all times;
> food that is available is not culturally acceptable?, where culture is broadly defined to
include religious beliefs, customs, usage and practices;
people do not have economic access to food,;
people do not have physical access to food,;
people do not have social access to food,
food that people do not consume has the requisite nutritional value® for a healthy life;
and
> people do not have access to potable water, for absorption of food by the body.

YV VV

Granted that, food insecurity exists when one or more of these conditions exist. Clearly, not only
is it important to ensure availability of food (obviating condition (i) above) but also to guarantee
that people have adequate physical, social, cultural and economic access” to food to meet their
dietary needs and food preferences for an active and healthy life®. Thus increased food

! Formerly, Senior Expert, Macro Economic Policy Division and Chief Technical Advisor, Public Private Partnership, United
Nations, Economic and Social Commission for Asia and the Pacific, Bangkok.

2 The phrase “culturally acceptable” food is to be widely interpreted to also mean, amongst other things, food that meets
religious edicts, including Halal Food, Kosher Food, Vegetarian Food and Jain Food. It is important to bear in mind that food
that is “culturally acceptable” and food that is preferred (‘‘food preference”) connote different concepts. The former is
exogenous while the latter in endogenous. One may prefer to a particular food (say eat fish) but he may not do so as there may be
a religious injunction against eating fish.

% This implies that food is safe. Unsafe food is not considered as nutritious food.

* The lack of access, of all forms, could be temporary, due to natural disasters, economic collapse, or conflict, or permanent, due
to persistent poverty and lack of economic development.

® At the household level, the food insecurity status of each household lies somewhere along a continuum ranging from highly
food insecurity freedom to very low food insecurity freedom and can be divided into four kinds. High degree of freedom from
food insecurity: Households have no problems, or anxiety, about consistently accessing adequate food. Marginal level of
freedom from food insecurity: Households have problems or anxiety at times about, accessing adequate food, but the quality,
variety, and quantity of their food intake are not substantially reduced. Low level of freedom from food insecurity: Households
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production, to circumvent condition (i) above and elimination of poverty, to tackle condition (iii)
above, are important, “but much else also needs to be done”, including amongst other things:

» enhancement of general economic growth,
expansion of employment and decent rewards for work,
diversification of production,
enhancement of medical and health care,
arrangement of special access to food on the part of vulnerable people (including
deprived mothers and small children),

» spread of basic education and literacy,

» strengthening of democracy and the news media, and

> reduction of gender based inequalities.
These different requirements call for an adequately broad analysis alive of the diversity of causal
antecedents that lie behind the many sided nature of food insecurity® in the contemporary world
(Sen 1997).

MEASUREMENT OF FOOD INSECURITY

While defining food insecurity is relatively easy, measuring it is somewhat more difficult. Food
insecurity in many ways is a severe form of poverty. Though poverty and food insecurity are
closely related, they are not direct measures of each other. Shifts and trends in poverty may
foretell similar changes in food insecurity, but not necessarily so. Because people must eat to
survive, they will often sacrifice many other basic needs, such as clothing, shelter and
transportation, before they decide to suffer food insecurity. Thus a person may be able to avert
food insecurity but in the process may lapse into other forms of poverty.

Amongst the widely accepted measure of food insecurity is the percentage of the population,
especially of children, who are undernourished, which reflects both the average amount of food
available per person as well as the extent to which people can access food in a country. Stunting,
wasting and under-weight children can also be taken as proxy measures of food insecurity. (See
Table 1 below for definitions of some of these terms). According to the MDGs hunger can be
measured with the two indicators suggested, namely, (i) prevalence of underweight children
fewer than 5 years of age and (ii) proportion of population below minimum level of dietary
energy consumption.

SHOCKS AND RISKS AS CAUSES OF FOOD INSECURITY

Amongst the causes that lead to food insecurity risks and shocks faced by poor people are the
foremost. Risks, in the context of food insecurity, denote an uncertain outcome of events that can
damage the well being of the people, by pushing them into food insecurity or deepening the same

YV V VYV

reduce the quality, variety, and desirability of their diets, but the quantity of food intake and normal eating patterns are not
substantially disrupted. Very low level of freedom from food insecurity: At times during the year, eating patterns of one or
more members of the household are disrupted and food intake reduced because the household lacked money and other
resources for, and faced conditions not conducive to, accessing food.

® Sen, Amartya (1997): “Hunger in the Contemporary World ”, Discussion paper DEDPS/8 (London, STICERD,
London School of Economics) November
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and shock means an adverse realization of a stochastic variable. Risk is thus an ex-ante concept
and shock is an ex-post one.

TABLE 1: SOME FOOD SECURITY RELATED CONCEPTS

Undernourishment describes the status of people whose food intake does not include enough
calories (energy) to meet minimum physiological needs.

Malnutrition/Under-nutrition is defined as a state in which the physical function of an
individual is impaired to the point where he or she can no longer maintain natural bodily
capacities such as growth, pregnancy, lactation, learning abilities, physical work and resisting
and recovering from disease. The term covers a range of problems from being dangerously thin
(underweight) or too short (see Stunting) for one's age to being deficient in vitamins and
minerals or being too fat (obese).

Stunting reflects shortness-for-age; an indicator of chronic malnutrition and calculated by
comparing the height-for-age of a child with a reference population of well nourished and
healthy children

Wasting reflects a recent and severe process that has led to substantial weight loss, usually
associated with starvation and/or disease, calculated by comparing weight-for-height of a child
with a reference population of well nourished and healthy children. It is often used to assess the
severity of emergencies because it is strongly related to mortality.

Underweight is measured by comparing the weight-for-age of a child with a reference
population of well nourished and healthy children.

Source: Bread for the World (2004), Mukherjee (2004)

Knowing that a crisis may descend anytime, not knowing whether one will be able to cope with
it, are all parts of poor men’s landscape of life. Poor people are exposed to a wide array of risks
and shocks. This has generated a forbidding amount of literature on the various aspects of risks
and shocks in developing countries including their sources and kinds, their effects on poor
households as also on individual, household and community responses to managing these.

There are various ways in which risks and shocks can be classified. For example risks and
shocks can be classified as political, environmental, economic and social risks (Holmes and
Jones, 2009). Risks and shocks can be classified as macro, meso and micro risks. Risks and
shocks can also be broadly categorized into: idiosyncratic and covariate risks and shocks
(Bhattamishra and Barrett, 2007). All classifications have their own advantages and
disadvantages. There can also be various combinations and permutations of these risks and
shocks. For example, economic risks and shocks can be either idiosyncratic or covariate.
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Similarly idiosyncratic and covariate risks and shocks can be at the macro, meso or micro level.
Table 2 below presents the various combinations of risks and shocks. In this paper we discuss the
issue of food insecurity and risks in terms of idiosyncratic and covariate risks as it helps both to
keep the discussion uncomplicated and formulate policy options without much complexity.

WHAT DO WE MEAN BY IDIOSYNCRATIC AND COVARIATE RISKS AND

SHOCKS?
Idiosyncratic risks and shocks are those risks and shocks where the experience of one household
in this regards is typically unrelated to the experience of neighbouring households’ experiences.
Covariate risks and shocks are those risks and shocks which many households in the same
locality suffer. For ease of understanding we shall discuss the link between food insecurity and
shocks only, given their ex post character.

TABLE 2: MAIN SOURCES OF IDIOSYNCRATIC AND COVARIANT RISK

Idiosyncratic Covariant

Risks affecting an Risks affecting Risks affecting

Type of risk individual or groups of households regions or
Household (micro) or communities (meso) nations (macro)

Natural Rainfall, Earthquake
Landslide, Flood,

Volcanic eruption Drought

High winds

v

Health Health Emergencies  Epidemic
Injury

Disability

Old age

Death and funerals

Debt

Displacement

Social Crime, Terrorism Civil strife,

Domestic violence, Gang activity Wars,

Lack of intra-household Voicelessness  Social upheaval,

Power, Absence of social capital Social Exclusion,

Time Poverty, Discrimination,

Life Cycle Status Poor implementation of laws,
Economic Job loss Unemployment Changes in  food
prices,
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Wage cut Displacement Growth collapse,
Loss of crop production Harvest failure Hyperinflation,
Business Failure Fuel or financial,

or currency crisis,
Fall in financial resources,
Technology shock,
Terms of trade shock,
Transition costs of
economic reforms etc,
Fall in Aid flow,
Lack of regulatory
framework,
Lack of enabling environment

Political Riots
Political default on

social programs,

Coup d’etat

Environmental Pollution
Deforestation
Nuclear disaster

Source: World Bank, 2001 and Holmes and Jones, 2009.

Idiosyncratic shocks commonly arises due to chronic illness or sudden illness (usually not
the infectious diseases), crop yield shocks associated with microclimatic variations, localized
wildlife damage, loss of draught power due to death or maiming of animals used in
cultivation/transportation, pest infestation, and one-off events such as property loss due to fire,
theft or vandalism, sudden death or loss of limbs of the breadwinner or even a temporary job loss
where employment is largely in the informal sector and domestic violence. On the other hand
covariate shocks occur due to natural disasters like the Indian Ocean Tsunami that led to
400,901 people big displaced in Indonesia alone (OCHA, 2005), clearly swelling the ranks of
hungry; war (like the war in Afghanistan), civil strife like the one in Sri Lanka which has created
3,00,000 internally displaced persons who face food insecurity of different degrees; food price
instability such as the one seen in 2008 that had added nearly 41 million people to those who
were hungry (FAO 2008); financial crises such as the one that grips the world now that had
thrown out of job 24.8 million workers jeopardizing their economic access to food’ etc., where
everyone in a community is vulnerable.

" Especially when less than 20 per cent of the population is covered by unemployment benefits
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Generally, there are insurance available against idiosyncratic risks such as life insurance, health
insurance and draft animal insurance, but they are very expensive for those who are most likely
to suffer them, namely, the poor. Insurance against covariate risks are not generally available as
the risks are too large, barring a few publicly funded ones like crop insurance in India and where
available they are prohibitively expensive.

It may be underscored that though the distinction between idiosyncratic and covariate shocks is
critical for policy making, traces of idiosyncratic shocks can be found even in largely covariate
shocks, because there are discernible differences between households in their exposure and
capacity to respond to shocks. Additionally the extent to which a risk is covariant or
idiosyncratic is a function of the underlying causes. For example, job loss can be an idiosyncratic
risk for a casual mason due to heavy rain, or job loss can be covariate risk for a whole
community of casual workers if it is the outcome of macroeconomic turbulence as seen in 2008.
Similarly, the risk of becoming affected by HIV/AIDS can be an idiosyncratic risk germane to
causing food insecurity or it can be a covariate risk if it becomes a pandemic, contributing to
food insecurity in a community or even a nation like in some African countries. However, the
bottom line is that a growing body of empirical evidence suggests that idiosyncratic risks
dominate over covariate risks in Asia like in Africa (Deaton, 1997) and hence idiosyncratic
shocks are the dominant causes of food insecurity in this region. The main sources of
idiosyncratic and covariant risks are also shown in Table-2 above.

There are basically five main clusters of idiosyncratic risks: (i) sickness, injury and disablement;
(ii) natural disasters (iii) aging; (iv) crime and domestic violence and (v) unemployment and
other labor market risks. We shall briefly discuss them here

(1) Sickness, Injury and Disablement: Poor people often live and work in environments
that expose them to greater risk of illness or injury, and they have less access to health care
(Prasad, Belli and Das Gupta 1999). Their health risks are strongly connected to the availability
of food, which is affected by almost all the risks the poor face (natural disasters, wars, harvest
failures, and food price volatility). Communicable diseases like SARS, Bird Flu and HIN1
Virus that have afflicted Asia since 2003 are concentrated among the poor. Respiratory
infections are considered by some experts as the leading cause of illness and even death
(Gwatkin, Guillot, and Heuveline 2000). In India, for instance, it has been found that the poor
are 4.5 times as likely to contract tuberculosis as the rich and twice as likely to lose a child
before the age of two (World Bank 1998).

Iliness and injury in the household have both direct costs (for promotive health; preventive health
care and curative health care) and opportunity costs like lost income or schooling while ill.
Direct costs eat into the economic power of the poor to access food while the opportunity costs
affect both the short term loss of economic access to food for the poor and long term loss in
economic access in term of higher capability poverty. The timing, duration, and frequency of
illness also affect its impact on the food security of the people. Poor households can compensate
for an illness during the slack agricultural season, but illness during the peak season leads to
heavy loss of income, especially on small farms, leading to diminution of economic access to
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food, usually necessitating taking out loans at usury rates of interest making further inroads into
the economic access to food, something that triggered the global phenomenon called the
“Grameen Bank of Bangladesh.

In the Indian context Open Defecation is a major cause of food insecurity. It is not widely
recognized that most of the child malnutrition (which is a major form of food Insecurity) is
caused by open defecation. And India is the home to over 58 per cent of world’s open defecation.
Open defecation leads to Faecal Infections and other deprivations that causes undernourishment
in Children, leading to impaired cognition, physical deprivation and the like, which agitated the
mind of even the Prime Minister of India who had reportedly said that “child malnutrition is a
curse we must remove. Thus India has about one third of the entire world’s people who live on
less than 1.25 $ a day.

Indeed there is a syndrome of open defecation, Faecal Infections, poverty and undernourishment.
Among the Faecal Infections, diarrhea is dramatic, measureable and often visible. Hence it
attracts a lot of attention and remedies have been found. But combinations of other infections
which do not have such dramatic symptoms may, taken one with the others, be more devastating
in their impact on child health and nutrition. They include but is not restricted to, hookworm
causing anemia (200 million cases in India); enteropathy (damage to the wall of the gut, reducing
absorption of nutrition, and energy used in fighting infections which get into the blood stream);
ascaris, tapeworms and other intestinal parasites that ‘steal’ food from children; live fluke,
dysentery, hepatitis, typhoid and other infections (trachoma, polio etc). One medical authority
considers that enteropathy alone is more harmful to child nutrition than diarrheas. These can all
be cut off through sanitation and hygiene. (See Diagram)

(i1) Natural disasters: Natural disasters cause food insecurity to millions of people. Just take
two examples. The December 26, 2004 Asian tsunami tragedy demonstrates the destructive
capacity of natural disasters, and their impact upon food security. According to early impact
assessments, agricultural and fishery losses due to the tsunami were severe. For example, in
Tamil Nadu state of India, 59 000 fishing vessels have been destroyed, affecting the livelihood of
nearly 700 000 fisher-folk and their families. In Aceh province of Indonesia, income losses in
agriculture and fisheries make up more than one-third of total losses due to the disaster, while in
the worst-affected districts of Sri Lanka, 80 percent of fishing vessels have been destroyed or
seriously damaged, throwing hundred and thousands of people into the throes of food insecurity.
More recently on 3 May 2008, a cyclone (Nargis) devastated Myanmar's low-lying Irrawaddy
delta region leaving more than 1 million people homeless. An estimated 80,000 people died in
the delta's Labutta district alone. Myanmar had been expected to export 600,000 tons of rice in
2008, including to Sri Lanka and Bangladesh but it could not live upto the expectation as the
cyclone flooded 5,000 square kilometers (1,930 square miles) of farmland in the country's main
rice-growing area, worsening a food crisis even outside of Myanmar. Additionally since an 80
per cent loss in the December 2008 harvest was recorded (CARE, 2009) it means food
distribution must continue in Myanmar itself to prevent food insecurity and starvation.
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(iii) Aging: Many risks are associated with aging: illness, social isolation, inability to continue
working, inability to cook and uncertainty about transfers (usually from sons and daughters)
being able to provide an adequate means of livelihood and so on. The incidence of poverty
among the elderly varies significantly. In many countries in Central Asia, like Georgia and
Armenia, the incidence of poverty is above average among the elderly, particularly among
people 75 and older. There is also a gender dimension to the problem of poverty associated with
old age. Women, because of their higher life expectancy at birth, constitute the majority of the
elderly, and they tend to be more prone to food insecurity in old age than men (World Bank
2000). With better health care facilities and rising income in many of the Asian Countries, the
number of elderly people in the developing countries in Asia and the Pacific, will increase significantly in
the foreseeable future adding to the number of food insecure.

(iif) Crime and Domestic Violence: Crime and domestic violence reduce earnings, take
away income and destroy assets, which entrenches food insecurity. Unlike the rich, the poor
have few, if at all, means to protect their life, property, assets and income, against crime, all of
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which help fight food insecurity. Crime also hurts children of poor people: children exposed to
violence may perform worse in school thereby reducing their income earning capabilities which
may, in the long run, be germane to lower purchasing power and hence, lower economic access
to food. A study of urban communities in the Philippines, amongst other countries, showed that
difficult economic conditions destroys social capital as involvement in community organizations
declines, informal ties among residents weaken, and gang violence, vandalism, and crime
increase (Moser 1998). Violence and crime may thus deprive poor people of two of their best
means of reducing vulnerability to food insecurity, human and social capital, which act as
“informal” insurance against transitory food insecurity. Rich and poor women alike are victims
of domestic violence, but the incidence is often higher in poor households

(iv) Unemployment and other Labour Market Risks: Labour market risks include
unemployment, falling wages, and taking up hazardous and low-quality jobs in the informal
sector as a result of macroeconomic crises or policy reforms. The first workers to be laid off
during cutbacks in public sector jobs are usually those with low skills, who then are exposed to
food insecurity, amongst other things and are forced to migrate to urban areas adding to the
already staggering numbers of urban poor, a pattern observed in many countries during the
structural adjustment reforms of the 1980s and early 1990s. Economic crises such as the East
Asian crisis in 1999 and the ones in 2007-200, also had significant effects on labour markets,
with real wages and non-agricultural employment falling in all affected countries.

Fluctuations in demand for labour often disproportionately affect women and young workers
who are therefore at greater risk of facing food insecurity. Most public sector retrenchment
programs have affected women’s employment more than men’s (World Bank 2000), and women
are more likely than men to work for small firms, which tend to be more elastic to demand
fluctuations and pay lower wages, both of which have a strong bearing on women’s purchasing
power and economic access to food. As incomes fall, poor households try to respond by cutting
consumption of food, pulling out children from school and pruning health care, especially for
women and girl children.

Liberalization of markets often boosts the price of staples which could benefit small farmers if
they are net sellers of food but in many cases they are net buyers of food. Thus, the urban poor,
rural landless, poor people, artisans, herdsmen, fisher folks and farmers are confronted with
seasonality, selling food immediately after the harvest when food is plentiful and prices are low
and buying food when it is scarce and prices are high. All these categories of poor are exposed to
different degrees of food insecurity. Traders in food can step in and equalize prices over the year
through arbitrage, but rural areas lack transport facilities and related infrastructure to facilitate
the process, apart form the question of incentives.

For the rural poor, crop diversification and income diversification into nonfarm activities can
help reduce food price and harvest risks, and eliminate food insecurity due to successive harvest
failures, for various natural causes. For example, because of insufficient monsoons in India in
2009 indebtedness in 80 per cent of households in 160 districts declared drought affected will
increase. According to the latest count, as many as 246 districts spread across 10 states, or 40per
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cent of the total number of districts, have been declared drought-hit. Even if the weather gods
relent in the coming days, the rains may be too little, too late to undo the damage to the kharif
(roughly June-October) harvest which is reckoned at 20 million tonnes for paddy alone. The
situation is tailor-made to stoke inflationary fires, deepen rural distress and cause food insecurity
especially when according to the latest Economic Survey; the per capita consumption expenditure
of 71.9 per cent of the rural population was less than Rs 20 per day in 2004-05. (Gangadharan,
2009).

D. AGENDA FOR PUBLIC ACTION

(i) Increase and Diversification of Production Especially in Agriculture.

Mr. Sharad Pawar was somewhat right, when he mentioned that we must raise agricultural output
before enacting food law. “Solution is that unless and until we increase production, we will not
be able to implement this (food security bill)”. (Times of India, 30 January 2012, p. 13). For this
to happen, perhaps the most striking feature of agricultural innovations will have to be a shift
away from the high external input-intensive model of the Green Revolution of the sixties to a
New Green. The first Green Revolution of the last century achieved significant yield increases
through promotion of high external inputs agriculture, of irrigated water, chemical fertilizer,
pesticide and insecticides and fossil fuel. In contrast, the Second Green Revolution must increase
yields, by moving agriculture from high external input-intensive agriculture to “High Tacit-and-
Explicit Knowledge-Intensive Food Production” in both induced food production and
autonomous food production systems (read food from common property resources). The Second
Green Revolution must integrate traditional knowledge and technology with advances in
modern-day science and agricultural engineering (including plant genetics, plant pathology and
information technology) and encompass the ecologically integrated approaches, like intergraded
pest and soil fertility management, minimum tillage and drip irrigation. Additionally the
Knowledge-Intensive Food Production system must focus more on the entire systems of crop
production rather than on individual crops. Such an approach can help to deliver resilience and
sustainability to food production, and at once, score high on the equity front, ultimately
distributing power and autonomy to individual farmers.

POLICIES PERTAINING TO ACCESS
(i)  Enhancement of general economic growth that generates employment and

guaranteeing decent rewards for work. And the economy needs to grow fast, so that
employment is created, giving people economic access to food. As Joseph Stiglitz argued in
Kolkata, on 12 January 2012, that “hunger is not caused by an absolute shortage of grain but by
the lack of income of those in poverty to get access to it” (The Hindu, 13" January 2012, p. 13).
Since much is said and written about it, we need not labour the details here except to say that an
enabling environment for investment should be created (not like allowing FDI in multi brand
retail trade and then keeping it in abeyance) and the choice of technology must be pro-
employment. Additionally the legal architecture has to ensure a decent reward for work, that
minimum wages are inviolable and that exploitative intermediation is ruled out. Growth also
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means that the governments have more resources to share the cake and make investments
necessary for food security.

(iii)  Protection of the poorer sections of society from both idiosyncratic and

covariate shocks that impinge on food security. Most food insecure people are
vulnerable to two kinds of shocks, idiosyncratic shocks (affecting individual households such as
sudden loss in employment, loss of limbs and unexpected illness) and co-variate shocks (that
affect large sections of society such as earthquakes, floods, droughts and epidemiological
catastrophes). In case of co-variate shocks, the governments, aid agencies, non-state actors and
you name it, all get on an overdrive to provide relief and rehabilitation. But in case of
idiosyncratic shocks the affected households are largely left to fend for themselves, depending in
many cases on informal systems of insurance. A lot needs to be done here on a range of
measures. Promotion of micro-insurance, community- based insurance and self-insurance,
income guarantees (like the National Rural Employment Guarantee Scheme) and right to access
common property resources for non-timber forest produce should be on top of the agenda for
tackling idiosyncratic shocks.

The various ways in which the State (read Government), individuals, households and
communities can deal with the different kinds of shocks are tabulated in Table -3.

(iv)  Diversify the delivery system. Despite every effort and the food security bill, there
will be significant sections of society which will not be able to secure food for themselves for a
variety of reasons, including physical incapacity and psychological barriers. The State need to
provide food (not just grain) for these sections of people and in the delivery of food, the mode of
delivery as also the institutional mechanisms for such delivery of food have to be as varied as
possible: Ration Shops constitute one critical element in this scenario. The delivery of food can
take other forms such as food stamps, direct cash transfers, free kitchen for cooked foods run by
non-state actors and the like. And the focus should be on “reach” and “depth” as much as on the
range. And the institutional mechanism for delivery of food can include ration shops, non-sate
actors like NGOs and private companies, charities, Gram and traditional Panchayats.

(vy  Eliminate gender based inequalities that lead to eight kinds of food
insecurities faced by women. Women face several inequalities, notable amongst which are
natality based inequality (where sex-selective abortion does not succeed or is not possible for
whatever reason, the girl child starts from the womb with familial and parental environments that
are hostile to her existence), inequality in access to food (even mothers are all too eager the son
gets to eat first and better food), to education, to health care, employment opportunities and role
in certain jobs. These inequalities invade the capability of women to achieve food security.
Inequality in ownership and inheritance of assets hinder food security of women. Critical assets
such as homes and land are very asymmetrically owned, impairing women’s capability to access
food. There is no gainsaying the fact that such inequalities must be removed through institutional
and structural changes if we dream of a food secure India. The war against food insecurity will
be lost or won in the war against gender discrimination.
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(vij Health and Education Securities for food security. A package of health
security, especially access to reproductive health, sanitation and potable drinking water, and
education security has to be made available to every citizen. Healthcare is available to only 10
per cent of the people at the top of the pyramid, which has to be reversed. Over 55000 women
die in child birth every year and thirteen lakh children who die before they reach their first
birthday (Times of India, 16 January 2012, p. 11), which are both a direct function of the failure
of health infrastructure. This has to be stopped. With total fertility rate at 2.6 per cent per woman
on a population base of over 1.1 billion people, trying to achieve food security will be as futile as
trying reach a mirage. Only when we have health security can we achieve rapid fertility decline,
vital for food security. Health security is even necessary for economic security (Ela Bhatt:
“When Health is Security” Times of India, p. 18), which in turn has a direct bearing on economic
access to food. For example, the recent study by Naadi Foundation (The HUNGAMA Survey
Report, 2012), found the prevalence of malnutrition is significantly higher among children from
low-income families, although rates of child malnutrition are significant among middle and high
income families. Children from households identified as Muslim or belonging to Scheduled
Castes or Schedule Tribes generally are worse off.

Similarly education security is critical for food security in several ways. For example, in the 100
Focus Districts studied by in the aforesaid Naadi Foundation Report, found that 66 per cent
mothers did not attend school; rates of child underweight and stunting are significantly higher
among mothers with low levels of education; the prevalence of child underweight among
mothers who cannot read is 45 per cent while that among mothers with 10 or more years of
education is 27 per cent. The corresponding figures for child stunting are 63 and 43 per cent
respectively. It was also found that 92 per cent mothers had never heard the word “malnutrition”.
Though Right to Education is a constitutional right, it is a matter of public history that the quality
of education has still to be raised to desired level (“Brick in the Wall”, in Times of India, 18"
January 2012, p. 20). We must also leap frog in renewable energy sources such as solar, wind,
biomass and bi-gas and invest in transmission and distribution like in battery and other storage
technologies and in micro-grids, as aids to delivery of proper social services, essential for food
security.

CONCLUDING REMARKS

Thus the one-line answer to solving our problems of malnutrition, food insecurity and starvation
in India is: get back to basics. Focus on investments in technology for increasing agricultural
productivity, on growth and employment, on primary health care and basic education, on gender
equality, on provision for sanitation and potable water and strengthening the elements that make
for a robust democracy. This is no rocket science. Just that the powers that be must have the
political will to work for the voiceless majority. This is not only good economics but is also good
politics: the voiceless majority constitutes the most energetic voters.
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Informal mechanisms

Formal mechanisms

Individual Group Market Government
Objective and household based based provided
Reducing the impact | Preventive health | Collective action Sound
of shocks practices for infrastructure, macroeconomic
Migration dikes, terraces policy
More secure Common Environmental
income sources property resource policy
management Education and
training policy
Public health
policy
Infrastructure
(dams, roads)
Active labor
market policies
Mitigating the Crop and plot Occupational Savings accounts | Agricultural
effects of shocks: diversification associations in financial extension
Diversification Income source Rotating savings | institutions Liberalized trade

Insurance

diversification
Investment in
physical and
human capital.

Marriage and
extended family
Sharecropper
tenancy

Buffer stocks

and credit
associations.

Investment in
social capital
(networks,
associations,
rituals, reciprocal
gift giving)
Community
Based Insurance

Microfinance

Old age annuities
Accident,
disability, and
other insurance

Protection of
property rights.
Access to
common property
resources

Pension systems
Mandated
insurance for
unemployment,
illness, disability,
and other risks

Coping with shocks®

Sale of assets

Transfers from

Sale of financial

Social assistance

Loans from networks of assets Workfare
money-lenders mutual support Loans from Subsidies
Child labor financial Social funds
Reduced food institutions Cash transfers
consumption

Seasonal or

temporary

migration

Note: The white shaded area shows household and community responses through informal mechanisms
to improve risk mitigation and coping. The dark shaded area shows the publicly provided mechanisms
for insuring against risk and coping with shocks—the social safety net.
# Publicly provided coping mechanisms can also serve risk mitigating purposes if they are in place on a

permanent basis.

Source: Adapted from Holzmann and Jorgensen (2000) and World Bank (2001).
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India has been doing quite well in ensuring ample availability of food to its country-men, be it
basic staples like rice and wheat or other food products like edible oils, pulses, fruits and
vegetables, milk and milk products, eggs, meat and fish, etc. Most of these are produced
domestically to meet the consumption demand, with some surplus being exported (of rice and
wheat), and in others dependence is on imports (like edible oils and pulses). Though an
important one, making food available is only one aspect of food security. The others are
economic access to food and its absorption by people for better nourishment. It is in the areas of
economic access and its absorption where India faces big challenges. In spite of buoyant
economic growth in recent years, around one-third of India’s population still lives below the
poverty line (in 2010, as per World Bank’s definition of US $1.25/day). In 2011 as per the multi-
dimensional poverty index (MPI) of UNDP, India ranks at 75" position among 109 countries. It
is much worse than the other BRIC countries indicating the extent of deprivation in terms of
living standards, health, and education. The HUNGaMA (Hunger and Malnutrition) Survey
conducted by Nandi Foundation in 112 rural districts of India in the year of 2011 shows that 42
percent of children under the age of five are underweight and 59 percent are stunted. All these
estimates point to the existence of food insecurity at the micro-level in terms of either lack of
economic access to food or lack of absorption of food for a healthy life.

FAO (2002) defines food security as: “Food security [is] a situation that exists when all
people, at all times, have physical, social and economic access to sufficient, safe and nutritious
food that meet their dietary needs and food preferences for an active and healthy life”. As per
USDA, food-insecure people are defined as those consuming less than the nutritional target of
roughly 2,100 calories per day per person. India leads the chart with 246 million food-insecure
people and accounts for nearly 30per cent of the total food insecure people of the developing
countries. Growth factor, though essential, may not be sufficient, at least in the short run, to
ensure food security for the poor and vulnerable, which spend almost 60 per cent of their
expenditure on food. These people need a safety net targeting economic access to food and its
absorption.

The recently introduced National Food Security Bill, 2011 (NFSB), aims to address this
formidable challenge. The proposed legislation marks a paradigm shift in addressing the
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problem of food security from the current welfare approach to a rights based approach. Besides
expanding the coverage of the Targeted Public Distribution System (TPDS), the proposed
legislation would confer legal rights on eligible beneficiaries to receive entitled quantities of
foodgrains at highly subsidized prices. It will also confer legal rights on women and children and
other Special Groups such as destitute, homeless, disaster and emergency affected persons and
persons living in starvation, to receive meals free of charge or at an affordable price. But the
central pivot of the Bill is large-scale subsidized grain distribution to almost two-thirds of the
country's population of 1.2 billion. This would perhaps be the biggest ever experiment in the
world to distribute subsidized grain to achieve food and nutritional security. It implies a massive
procurement of food grains and a very large distribution network entailing huge financial
expenditure.

The current Bill creates a statutory entitlement for the included population and its obverse
namely a legal obligation for the government. Therefore, it is important to ensure adequate
availability of grain with the public authorities to fulfill the underlying obligation. Given the
current trends in rates of growth in food grain production and yields, and the growing pressures
on land and water in the wake of climate change, there is a possibility that food grain availability
on sustainable basis becomes a constraint. With 60 percent of India's farmland dependent on
monsoon rains, drought years can slash production and force the country to import large
guantities. The government already procures one-third of the cereals production and any increase
in procurement will have enormous ramifications on the cereal economy/markets and would
crowd out private sector operations with a consequent effect on open market prices.

The food subsidy in coming years will balloon due to the lower central issue price of grain, a
significant rise in the number of entitled beneficiaries and the need to keep raising the Minimum
Support Price (MSP) to cover the rising costs of production and to incentivize farmers to
increase production. The existing food security complex of procurement, stocking and
distribution would further increase the operational expenditure of the Scheme given its creaking
infrastructure, leakages and inefficient governance. This raises the issue of sustainability of the
financial obligations entailed in NFSB.

The issues raised above require careful scrutiny and assessment of the various provisions and
operational guidelines of NFSB. This paper delves into most of these issues and their
implications. The provisions of NFSB are carefully studied and some of the weak links in the
Bill have been brought out with a view to find an appropriate solution to those. An attempt is
also made to assess the operational and financial challenges thrown up by the Bill and its
macroeconomic impact on the agricultural economy. The paper then suggests various options
and instruments, which could be gradually dovetailed to make this Bill much more effective and
efficient.

NATIONAL FOOD SECURITY BILL (NFSB)

NFSB has a laudable objective of eradicating hunger and malnutrition from India in the shortest
possible time. The proposed legislation marks a paradigm shift in addressing the problem of
food security—from the current welfare approach to a rights based approach. It is therefore
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important to get it right, not just in terms of making it a legal entitlement under the “rights
approach” but making it a success on the ground.

Rationale

The rationale for the Bill is best summarized by the following excerpts from the Bill: “Article 47
of the Constitution, inter alia, provides that the State shall regard raising the level of nutrition and
the standard of living of its people and the improvement of public health as among its primary
duties. Eradicating extreme poverty and hunger is one of the goals under the Millennium
Development Goals of the United Nations.” and “in pursuance of the constitutional obligations
and obligations under the international conventions, providing food security has been focus of
the Government's planning and policy. Food security means availability of sufficient food grains
to meet the domestic demand as well as access, at the individual level, to adequate quantities of
food at affordable prices™.

Salient Features

The objective of the Bill is “to provide for food and nutritional security in human life cycle
approach, by ensuring access to adequate quantity of quality food at affordable prices to people
to live a life with dignity”. In line with the stated objective, the Bill provides a legal entitlement
to receive foodgrains at subsidized prices by persons belonging to priority households and
general households under TPDS. The entitlement shall be provided up to 75per cent of the rural
population and up to 50per cent of the urban population (Table 1). Further, in order to improve
the nutritional security, the NFSB brings various other ongoing welfare schemes of the
government under one umbrella (Table 2).

Table 1: Right to Receive Foodgrains at Subsidized Prices

Priority General
Foodgrains Entitlement 7 kg per person per month 3 kg per person per month
Price Not exceeding Rs. 3 per kg for | Not exceeding 50per cent of
rice, Rs. 2 per kg for wheat the MSP for wheat and
and coarse grains; not exceeding
Rs. 1 per kg for coarse grains | 50per cent of derived MSP
for rice.
Coverage
Rural population - Up to At least 46per cent of rural Upto 29 per cent of rural
75per cent population population
Urban population - Up to At least 28per cent of urban Up to 22 per cent of urban
50per cent population population

Apart from this, the Bill also proposes the following steps for the Revitalization of Agriculture:
increase in investments in agriculture, including in research and development, ensuring
remunerative prices, credit to farmers, crop insurance, etc; Procurement, storage and movement
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Table 2: Provisions for Nutritional Security and Entitlements to Special Groups

Target Group Entitlement

Pregnant woman/ Lactating Mother Meal, free of charge, during pregnancy and six
months after child birth

Maternity benefit of Rs 1000 per month for a
period of six months

Children (6 months-6 yrs) Age appropriate meal, free of charge, through the
local anganwadi
Children (6 years-14 yrs) One mid-day meal, free of charge, everyday,

except on school holidays, in all schools run by
local bodies, Government and Government aided

schools, up
to class VIII, so as to meet the nutritional
standards
Children suffering from Malnutrition Meals through the local anganwadi, free of
charge
Destitute persons At least one meal every day, free of charge
Homeless persons Affordable meals at community kitchens
Emergency and disaster affected persons. Two meals, free of charge, for a period up to 3

months from date of disaster

Persons living in starvation Free Meals, two times a day, for 6 months from
date of identification;

related interventions: incentivizing decentralized procurement including procurement of coarse
grains, augmentation of adequate decentralized modern and scientific storage etc; Reforms in
TPDS: application of information and communication technology tools to improve PDS system,
leveraging ‘Aadhaar’ for unique identification of beneficiaries for proper targeting of benefits
under this Act etc, ensure transparency Others: Provision of safe and adequate drinking water
and sanitation, nutritional health and education support to adolescent girls, senior citizens,
persons with disability and single women.

Proposed Mode of Operation

To operate the bill, the Central Government would procure foodgrains for the central pool
through its own agencies, the State Governments and their agencies; allocate foodgrains to the
States as per the defined entitlements and at prices specified; provide for transportation of
foodgrains to the designated depots in each State; and create and maintain required modern and
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scientific storage facilities at various levels. Under TPDS, it shall be the duty of the State
Government to take delivery of food grains from the designated depots of the Central
Government in the state at the prices specified in Schedule I, organize intra state allocations for
delivery of such food grains through their authorized agencies at the door step of each fair price
shop (FPS) and ensure actual delivery of food grains to the entitled persons at the prices
specified in Schedule 1. The local authorities shall be made responsible for proper
implementation of the proposed legislation in their respective areas, to conduct periodic social
audits on the functioning of fair price shops, TPDS and other welfare schemes, and publicize its
findings and take necessary action.

For the efficient operation of TPDS, every State Government shall create and maintain: scientific
storage facilities at the state, district and block levels being sufficient to accommodate food
grains required under the targeted PDS, and other food based welfare schemes; (ii) suitably
strengthen capacities of their food and civil supplies corporations and other designated agencies;
and (iii) establish institutionalized arrangements for fair price shops within the state in
accordance with the provisions of the PDS (Public Distribution System (Control) Order, 2001).
Provisions have also been made in the Bill for transparency and accountability including
disclosure of records relating to PDS, and social audits and setting up of Vigilance Committees
besides an elaborate grievance redressal mechanism to ensure that the benefits reach the rightful
persons, failing which they can approach grievance redressal bodies that are proposed to be set
up for this purpose.

In the event the Central Government is not able to provide the foodgrains to the State
Government from the central pool due to any shortfall in the central pool, the Central
Government would provide funds to the State Government to the extent of the shortfall, as may
be prescribed by the Central Government itself. The State Governments are responsible for
implementation and monitoring of schemes of the Central Government as well as their own
schemes for ensuring food security to the targeted beneficiaries of their states.

CONCEPTUAL ISSUES:
It is worth noting here that NFSB, in its current form, throws major challenges as in:

1. Food Supplies in the Times of Crisis

The Bill provides for a Force Majeure clause (Clause 52) that “the Central Government, or the
State Governments, shall not be liable for any claim by persons belonging to the priority
households or general households or other groups entitled under this Act for
loss/damage/compensation, arising out of failure of supply of foodgrains or meals when such
failure of supply is due to conditions such as, war, flood, drought, fire, cyclone, earthquake or
any act of God.”

This clause provides immunity to the central and state governments for loss, damage, or
compensation arising out of failure of supply of food grains or meals in force majeure conditions,
which have been defined widely, including droughts and floods, which are likely to increase in
intensity and frequency due to climate change effects. This is an exemption for both Central and
State Government for failure to supply food grains when such failure is either "directly or
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indirectly” on account of force majeure. If pictured these conditions especially call for the food
requirement and only the governing bodies/ government can supply to the needy in these times of
crisis, but the clause gives the opportunity to the governments to run off. While there may be
circumstances where this clause can apply but the number of such conditions must be a few and
condition of draught should be eliminated from the clause. This clause needs redrafting.

2. Centralized Model

The draft bill in the current shape gives a legal sanction to a highly centralized procurement and
distribution model. All guidelines, rules etc will be prescribed by the Centre including criteria for
priority households, exclusion criteria, reforms in TPDS, price at which the State Government is
required to sell the food grains to the entitled persons - are just a few of them, to count. It leaves
no room for experimentation/ customization for the States suited to their specific choices,
institutional strengths and weakness.

Once the Act comes into effect the existing schemes pursued by the states will suffer
considerably. Currently, State Governments can adopt their own PDS structures as the PDS
System is governed by PDS (Control) Order, 2001 under the Essential Commodities Act (ECA),
1955. ECA empowers the State Governments to issue orders for their respective states. The
NFSB however creates a new statutory framework governing the PDS. The PDS systems of
States will have to first comply with the NFSB. In the event of a conflict between NFSB and
ECA, the provisions, rules, regulations and orders issued under the NFSB will override the ECA
provisions.

Though Section 40 of the NFSB allows State Governments to design their own schemes but
these would be rendered practically ineffective. The Bill imposes an obligation on the State
Governments to procure food grains only from FCI for TPDS. States will have to procure for its
own system separately on its own- for which literally there would be not much grain left. It
would additionally impose a financial burden on the states as they will have to procure the entire
requirement of food-grains at their own cost and pay through the state treasury. Independence for
the customization and experimentation should be given to the state governments to adopt the bill
according to the needs and structure of the respective states.

3. Centralized Procurement: An Unsustainable Model

NFSB mandates Central Government to procure for the Central Pool. State Governments are
responsible for further distribution. In 1997-98 Decentralized Procurement System (DCP) was
introduced in view of the practical difficulties faced by the Central Government/FCI to procure
on its own. Under DCP, States were invited to assist in the procurement and distribution of
foodgrains under the TPDS. This experiment has been quite successful in Madhya Pradesh and
Chhattisgarh as far as augmenting the level of procurement is concerned. Both these states have
taken initiative to open large number of procurement centers and dramatically increased the
procurement of paddy in Chhattisgarh and wheat in Madhya Pradesh, almost leading to state
monopsony in procurement of these crops. NFSB seems to be suggesting a retrogressive step of
going back to centralized procurement model which was found unsustainable in the first place.
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Thus the proven successful models should be kept and centralized model be adapted in only
those states where DCP has not been successful.

4. Adoption of Ineffective Food Security Complex

NFSB gives the existing PDS and procurement system a new lease of life in an “as is where is”
condition despite its established ineffectiveness and leakages. For fulfilling its goal of food
security, it heavily relies on the current institutions which already have had a history of failure.
The estimated leakages from the TPDS go as high as 40 percent. The existing system of TPDS
needs to be reformed for efficient delivery of food grains but the norms and types of reforms are
to be decided by the Central Government. This would bring the ongoing PDS reforms in States
like Chhattisgarh and Haryana to a halt. Thus the states should be left with the some say to deal
with the inefficiency of the system.

5. Distribution of Responsibilities between Centre and States

The Central government has limited its responsibility only to the procurement for the central
pool and delivery to the State government for distribution through the TPDS. The State
Government is made responsible for collection of foodgrains from FCI depots and to further
ensures that the legal entitlements are enforced. NFSB directs cost sharing in overheads, survey
costs and for welfare schemes. If the Central Government is unable to provide foodgrains from
its Central Pool, it has to provide funds to the extent of short supply of food grains from its
central pool to the State Government that also as determined by itself. But if the State
Government is unable to provide the entitled grains, then it has to pay a “Food Security
allowance” to the excluded beneficiaries. How will the state governments distribute that cash to
ultimate beneficiaries without having developed a proper financial structure for that remains
unclear.

6. Food Security Allowance (FSA): Ambiguity Prevails

Section 13 of NFSB stipulates that in case of non-supply of the entitled quantities of food grains
or meals to entitled persons under the bill, such persons shall be entitled to receive such food
security allowance from the concerned State Government in such time and manner as stipulated
by the Central Government. This entails that the State would have to provide the entire
administrative back up for the food security allowance/decentralized procurement triggered in
case of failure by the Central Government and distribution, which would then cost the State
additionally. This would have large financial implications for the State Governments.

The amount payable would depend entirely on the rules framed in respect of the same. The
statute does not mandate that the allowance has to be suitable to enable the relevant entitled
persons to obtain the food grains from the market. Since the entitlement is essentially to obtain
the identified food grains at the subsidized prices specified in Schedule—I, if FSA is according to
these prices (much lower than market prices), then this monetary support during distress
conditions would be grossly insufficient to buy foodgrains from the market. Whether this FSA
would be triggered in case of Force Majeure is also unclear.
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7. Non Clarity of Benefits to “General Households” The entitlements of persons
belonging to “general households” have been linked to such reforms in the PDS, and from such
date as prescribed by the Central Government.

8. Cereal-Centric Approach

Though cereals are central to the issue of food security, diversifying demand patterns to protein
rich items also needs to be appreciated. NFSB deals only with supply of cereals ignoring the
demand side of food consumption. In this context, it is worth noting that the latest consumption
data of NSSO shows that in each deciles expenditure group, the per capita consumption of
cereals has been falling. Thus, while NFSB will try to make the production basket cereal-centric,
diversifying demand will throw pressures on non-cereal segment, creating an imbalance in
demand and supply of food items. This will lead to higher inflationary pressures and imports of
non-cereal foods, especially edible oils, pulses, fruits and vegetables, protein foods, etc.

9. Physical Approach

Global experience on social safety net programmes show that food coupons/vouchers, CCTs are
better alternatives than transfer of food. Globally, countries have moved away from physical
handling of grains and used such alternatives based on income approach for improving economic
access to food. NFSB could have inbuilt flexibility in it for States to experiment with such an
approach. Some of these issues should be taken care of in the rules framed under the Act.

OPERATIONAL CHALLENGES

The existing system of foodgrain management is characterized by the dominant presence of the
government in all the basic aspects of marketing viz., procurement, storage, transport and
distribution, with all these operations being bundled and carried out by the FCI. Currently, FCI’s
operations are intended to build buffer stocks to meet any exigency, open market purchase/sales
to stabilize domestic prices and provide food security requirements through sale of subsidized
grain. It procures; mainly wheat and rice, for the Central Pool at the MSP announced by the
Government and distributes it through the State managed PDS. In addition, several states
procure directly for decentralized procurement and distribution. Over the years inefficiencies
have been evident in the operations of FCI through concentration of procurement operations to a
handful of States, an ever increasing central pool of stocks and growing diseconomies of scale.
The following sections elaborate the mammoth operational challenge thrown up by NFSB as it
would entail a huge procurement/distribution infrastructure.

PRODUCTION

Since the NFSB creates a statutory entitlement for the included population and its obverse
namely a legal obligation for the government, it is important to ensure adequate availability of
grain with the public authorities. Attainment of self-sufficiency in food grains at the macro level
has been one of the country’s major achievements in the post-independence period. The
production of food grains increased from 51 million tonnes in 1950-51 to 108.4 million tonnes in
1970-71 and has touched 257 million tonnes in 2011-12 (Figure 1). Production of rice has
increased by almost five times since independence from 20.6 million tonnes in 1950-51 to 104.3
million tonnes in 2011-12. Production of wheat has increased manifold since independence from
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6.5 million tonnes in 1950-51 to 93.9 million tonnes in 2011-12. India has also been a net
exporter of cereals for most years since 1990. The per capita availability of foodgrains has
increased from 394.9 gms per day in 1951 to 438.6 grams per day in 2010. It should be noted
here that as economic growth picks up, it is common to observe a change in dietary patterns
wherein people substitute cereals with high-value food.

Figure 1: Foodgrains Production in India (1950-51 to 2011-12)
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Agriculture has been growing at a trend rate of growth of 2.9per cent during 1991-92 to 2011-12-
much lower than the targeted 4per cent in the Five Year Plans. The increasing divergence
between the growth trends of the total economy and that of agriculture and allied sectors during
the Plan periods suggests underperformance by agriculture (Figure 2). The average growth rate
of foodgrain output has declined from 2.2 percent in 1990s to 1.8 percent in 2000s. Similarly,
growth rate of yield of foodgrains has declined from 2.4 per cent in 1990s to only 1.3 percent in
2000s (Table 3).
Table 3: Average Annual Growth rates during 1990s and 2000s

Crop Area Production Yield
1990s 2000s 1990s 2000s 1990s 2000s

Foodgrains | -0.3 0.3 2.2 1.8 24 1.3
Total -0.1 -0.2 2.3 1.7 2.4 1.6
Cereals

Rice 0.7 -0.5 2.1 1.3 1.4 1.5
Wheat 1.6 0.6 4.5 1.3 2.9 0.6
Coarse -2.4 -04 -0.1 4.6 2.0 4.6
Cereals
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Figure 2: Comparative Performance of Growth of GDP and Agri-GDP
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Indian agriculture has not witnessed any major breakthrough since the Green Revolution which
focused on the two cereals (wheat and rice) and concentrated on north-western India. Punjab and
Haryana are the two states that contribute the largest to foodgrains production but this is at the
cost of annual negative balance in the ground water reserves for these states. According to the
latest assessment of ground water situation in India (CGWB 2009-10), 75per cent blocks in
Punjab are overexploited, only 18per cent are considered safe. As a step towards demand
management of water, a gradual shift of these water guzzling crops from North-Western India to
Eastern States is required. Under ‘Bringing Green Revolution to Eastern India’ (BGREI), eastern
States like Bihar, Madhya Pradesh and West Bengal are emerging as large producers but gross
lack of marketing and procurement infrastructure has caused distress to farmers despite record
production. This raises doubts on the sustainability of production without commensurate
investments in agri-infrastructure, especially marketing.

VOLATILITY IN PRODUCTION

Volatility in food systems due to exogenous shocks from weather related events or instability in
international markets compromises national food security. While India has achieved much in
augmenting food grain production, especially of rice and wheat, curbing volatility in year-to-year
production remains a critical challenge. The volatility in coarse cereals is much higher than that
of rice and wheat, intensifying the pressure on rice and wheat in drought years. Indian
agriculture is still highly dependent on rainfall and drought years cause production and stock
declines which can take a couple of years to be made up. A case in point is the drought year
2002-03 where the production of wheat and rice fell by 28.5 million tonnes over the previous
year (overall foodgrain production dropped by 38 million tonnes). It took 3 years to make up and
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it was only in 2006-07 that the production exceeded the 2001-02 level. With the gross irrigated
area as a percent of gross cropped area having increased from 34per cent in 1990-91 to 45.3per
cent in 2008-2009, agriculture now has better capacity to bear the brunt of deficit rainfall.
However, more than 50 per cent area under cultivation is still at the mercy of monsoons. Further,
the sustainability of irrigation is also significantly dependent on rainfall. Increasing resilience of
Indian agriculture against drought and managing water resources sustainably remains a
formidable challenge.

Figure 3: Change in Output of Cereals & Coarse Cereals and Deviation of Rainfall from Normal
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India is currently the second largest producer of both wheat and paddy but its productivity levels
are still lower than the world average and that of major producing countries, as shown in Table 4.
The challenge before India is to raise the productivity of its basic staples like rice and wheat
with increasing pressure of urbanization and industrialization on land and water availability
(currently more than 60 per cent of cropped area is under grains and more than 80 per cent of
water resources is used for irrigation in agriculture). Increase in foodgrain production will
have to come from investment in productivity enhancing technologies in irrigation, power,
fertilizers, seeds and post harvest technology to reduce losses.

VOLATILITY IN PRICES

Because of the low price elasticity of demand for food staples and the thinness of markets,
problems in food availability translate into large spikes in domestic prices and reductions in real
incomes of poor consumers. Rice and wheat experience wide fluctuations in wholesale prices
during a year which can be seen in Figure 4. As 2009-10 was a drought year, the figure clearly
shows the wide fluctuations in monthly prices of wheat and rice. This volatility in prices creates
uncertainty in the ‘economic access’ pillar of food security.
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Figure 4: Intra-vear Inflation in Rice & Wheat

Rice % 5 Wheat

=

Ln

(")

{1!_.-;“}
un, )"#'

Eteernibe|r
Mercrnbe v

i
(=]

i
LN

i
L

e 2009-10 s 2010-11 2011-12 g 2105-10 e 2010-11 2011-12

PROCUREMENT

NFSB would require procurement for Central Pool and would depend upon the existing system
particularly FCI. Currently, FCI procures mainly paddy and wheat (primarily through state
agencies) from farmers (at MSP) and in the form of rice from rice millers (at levy price). It is
essentially a system of open-ended procurement under which FCI is obligated to buy all the
grains that farmers offer to sell at the prescribed procurement price (MSP plus Bonus) as long as
the grains meet a certain quality standard. The high cost of operations has been evident and well
documented.

CONCENTRATED PROCUREMENT

Although, in principle the system is applicable to the country as a whole, effectively the system
operates primarily in a few surplus states such as Punjab, Haryana, Western UP and Andhra
Pradesh. Figure 5 show that 70 per cent of rice procurement is done from Punjab, AP,
Chhattisgarh and UP while 80per cent of wheat procurement is done from Punjab, Haryana and
MP alone. It is a known fact that the states of Punjab and Haryana have a very high incidence of
taxes and such large scale procurement from these two states increases the procurement costs.
Around Rs 7000 crores (10 percent of the food subsidy in 2011-12) have been collected in 2011-
12 from FCI through levies in states like Punjab, Haryana, AP and MP.

Further, from a logistics point of view it could be cheaper to procure foodgrains from states like
MP, Bihar, Gujarat etc and deliver the foodgrains to neighboring deficit states in central, eastern
and western India rather than procure from a handful of surplus states in North and South and
distribute foodgrains across the deficit states in India. But such a system would need ramping up
of procurement efforts in emerging surplus or self-sufficient states in cereals, such as Uttar
Pradesh, Bihar, West Bengal, Assam, and Orissa. It is often lack of effective price support
operations, especially when cereal markets are controlled by restricting exports, or imposing
restrictions on their free movement across the country or putting stocking limits on private trade,
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etc., that open market prices go below MSP. This inability of farmers to get even MSP in these
states does not allow farmers to augment their incomes by increasing production of rice and
wheat.

Figure 5: Concentrated procurement of Rice and Wheat (2009-10 to 2011-12)
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Agricultural marketing infrastructure is inadequate across states in India barring a few. Unlike in
Punjab and Haryana, which have a well-laid out network of mandis and procurement centers,
other major producing states of UP, Bihar, West Bengal, Assam and Orissa present a somewhat
dismal picture. Lack of adequately equipped mandis/procurement centers and storage poses a
major challenge for procurement from other states. Even in states like Chhattisgarh and Madhya
Pradesh, which have recently ramped up procurement of paddy and wheat, respectively,
infrastructure for proper procurement and storage is woefully inadequate. This leads to large
wastages of grain.

STOCKS

As against the buffer stock norm of 31.9 million tonnes of Rice and wheat (as on 1st July of each
year), total Central Pool stocks were more than double at 80.5 million tonnes on 1st July, 2012
Fig 6). Periodic overstocking by the public sector has huge implications on the fiscal side, apart
from distorting the free functioning of food grain market. Higher level of buffer stock carry the
risk of higher wastage of food grains along with higher cost of maintaining the buffer. Currently,
FCI is facing an acute storage crisis with covered capacity estimated at around 45.0 million tons
and Covered and Plinth (CAP) storage of 17.2 million tonnes against the stocks crossing 80
million tonnes. Periodic overstocking by the public sector has huge implications on costs, apart
from distorting the food grain market. The additional procurement as a result of the proposed
NFSB will put enormous pressure on the existing infrastructure which is inadequate to handle the
current procurement norms. Even though modern silo storage and bulk handling is required for
preservation of quality and efficiencies there are several impediments to the same such as non-
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availability of rail heads at all FCI storages, limited locations with FCI for the same, non-
availability of bulk wagons with Indian railways.

Figure 6: Central Pool Stocks with FCI
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ECONOMIC COST OF FCI

The economic cost of procurement to Food Corporation of India (FCI) has been increasing over
time with rising procurement levels - demonstrating that it suffers from diseconomies of scale
with increasing levels of procurement. Currently, the economic cost of FCI for acquiring, storing
and distributing foodgrains is about 40 per cent more than the procurement price. To illustrate
the costs involved, in terms of storage and interest cost alone, the cost of carrying wheat for a
year with government agencies is about Rs 2400/tonne —as on 1st November, 2012, the wheat
stocks in the central pool are 40.5 million tonnes-almost three times the buffer norm (for 1st
October).

For the quarter ending March, 2012, FCI employed 1.55 lakh workers out of which 1 lakh are
contract workers, 19441 are departmental labour, 30112 are Direct Payment system (DPS)
workers and rest were under the ‘no work no pay’ system. The average handling cost per metric
tonne for FCI for 2010-11 for contract labour was Rs 41.4 while for departmental labour, it was
Rs 311.1 (7.5 times the cost of contract labour) and for workers under the DPS it was Rs 136.9
(3.3 times the contract labour). This indicates contractual labour of FCI were the least expensive.
However, the Ministry of Labour and Employment, has prohibited employment of contract
labour in the depots of FCI. In years to come, it is quite possible that DPS and contract workers
would become part of departmental labour which would raise the costs of labour by 3-7 times.
IMPORTS

In case of deficit production, countries tend to resort to imports from global markets. While this
is a feasible policy option, especially in emergency situations, price volatility and availability of
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preferred quality in global markets becomes relevant especially with the experiences of 2007-
2008 global food and fuel crisis. Rice is a very thinly traded commodity with only about 7 per
cent of world production being traded and five countries cornering three- fourths of the rice
exports. The thinness and concentration of world rice markets imply that changes in production
or consumption in major rice-trading countries have an amplified effect on world prices. While
India figures in the top ten wheat producing countries/regions in the world along with five
countries of the European Union, China, USA and Russia, it does not have a prominent presence
in the international trade in wheat.

While smaller imports can meet small deficits in domestic production to bridge the supply gap, if
quantities demanded are too large, they can send the global markets into a tizzy. Sometimes, an
impending food price rise (as happened in 2007-08) can invoke knee jerk policy decisions that
restrict flow of food to net importing countries. This is especially true in the case of rice, as
global markets are much smaller. India’s entry into the international market as a large buyer
could exert significant upward pressure on prices. Given that NFSB commits for legal
entitlements of food (especially rice and wheat), India will have to carry a much larger stock of
these to avoid any eventuality of large scale imports of rice and wheat in the event of domestic
shortfall (as happened in 2002-03 when grain production fell by 38 million tonnes). If this is not
done, India will risk high cost of cereal imports in times of need, especially drought years.
Although foreign exchange reserves do provide the cushion to India to enter the global food
markets for its needs, yet the large country impact on global prices (especially for rice) cannot be
ruled out.

DISTRIBUTION: TPDS

PDS with a network of 4.78 Lakh FPS is perhaps the largest retail system of its type in the world.
However, the PDS has virtually collapsed in several states in India due to weak governance and
lack of accountability. There are, however, exceptions like Kerala and Tamil Nadu. Table 5
shows the performance of this scheme in 2004-05 and 2009-10, the two years for which NSS
data on consumption from PDS are available. In 2004-05, compared to an off take of 29.4
million tonnes of rice and wheat by States, only 13.2 tonnes were actually lifted by households
for consumption — suggesting a leakage of 54.1 per cent. In 2009-10, 25.3 million tonnes was
received by the people under PDS while the off take by states was 42.4 million tonnes-
indicating a leakage of 40.4 per cent.

TABLE 5: ESTIMATES OF LEAKAGE FROM TPDS

Units 2004-05 2009-10
Offtake under TPDS | Mn Tonnes 29.4 42.4
(Rice + Wheat)
PDS Food consumed by | Mn Tonnes 13.2 25.3
the population, NSSO
per cent Leakage of 54.1per cent 40.4per cent
Food
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REFORMS IN TPDS

The problem of fake ration cards has been addressed by a number of states by computerization of
databases and using hologram-enabled technologies to eliminate the duplicate cards. A key
reform being proposed involves using Aadhaar number based application for improving delivery
of food grains through PDS. The task force report recommends setting up of Public Distribution
System Network (PDSN) with the aim of providing support in the areas of development,
operations and maintenance of technology, supply chain management, transparency and
electronic payments. The solution aims to tackle the primary issue of identifying eligible
beneficiaries, removal of bogus ration cards and provide choice of FPS to the beneficiary to
procure food grains. With respect to private sector participation in PDS reforms, Madhya
Pradesh has taken a significant step and used private sector to put in place a system to
computerize the PDS and register beneficiaries with their Aadhaar number and provide the food
coupons to the beneficiaries.

FINANCIAL CHALLENGES

The large-scale subsidized grain distribution to almost two-thirds of the country's population of
1.2 billion implies massive procurement of food grains and a very large distribution network
entailing a huge financial burden on the already burdened fiscal system. The stated expenditure
of Rs 1, 20,000 crores annually in NFSB is merely the tip of the iceberg. To support the system
and the welfare schemes, additional expenditure is needed for the envisaged administrative set
up, scaling up of operations, enhancement of production, investments for storage, movement,
processing and market infrastructure etc. The existing Food Security Complex of Procurement,
Stocking and Distribution- which NFSB perpetuates- would increase the operational expenditure
of the Scheme given its creaking infrastructure, leakages and inefficient governance.

Over and above that, the yearly food subsidy bill itself is likely to gallop. The estimate of food
subsidy would depend upon economic cost, central issue price of food grains, number of
beneficiaries covered and quantities of food grains allocated and lifted. The food subsidy in the
coming years will balloon due to the lower central issue price of grain, a significant rise in the
number of entitled beneficiaries and the need to keep raising the MSP to cover the rising costs of
production and to incentivize farmers to increase production. These issues raise doubts on the
sustainability of the financial obligations entailed in NFSB.

FINANCIAL OBLIGATIONS UNDER NFSB

The financial obligations of states and Centre would be enormous because to support NFSB, the
government would need to enhance production, storage and marketing infrastructure, its own
procurement and distribution set up, the entire envisaged paraphernalia of National and State
Commissions. There will be a requirement of providing additional manpower at various levels
for effective implementation of the Act, social audits and evaluation studies, training and
capacity building etc. It also has to beef up operations in relation to the multitude of welfare
schemes that have been envisaged particularly for midday meals, feeding the poor etc.
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a) Food Subsidy

Food subsidy bill represents the basic direct cost incurred by the central government on
procurement, stocking and supplying to various food based safety nets such as PDS. During the
last ten years, food subsidy has more than quadrupled from Rs 17,494 crore in 2001-02 to Rs
72,823 crore in 2011-12(RE) at current prices. As a ratio of GDP-Agri, it has increased from 3.6
per cent to 5.1 per cent in the same period (Fig 7). Increasing economic costs of handling
foodgrains, record procurements in recent years and widening difference between the economic
cost of foodgrains and the central issue price have been the major factors leading to the
ballooning food subsidy.

FIGURE 7: FOOD SUBSIDY - TOTAL AND AS PER CENTAGE OF GDP-
AGRI (CURRENT PRICES)
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Pooled cost of grain (MSP and bonus) accounts for two-thirds of economic cost of wheat and
rice. MSP for paddy and wheat have increased at a compound annual growth rate of 10.9 per
cent and 8.6 per cent over the last five years (2007-08 to 2012-13 marketing seasons). The cost
of production of rice and wheat has gone up by more than 45per cent during last three years
(2010-11 to 2012-13 marketing seasons), i.e., on an average, by about 15per cent per year
(according to cost projections made by CACP based on Comprehensive survey done by DES).
This is primarily due to sharply rising labour and energy costs, including fertilizers. There is an
acute shortage of labour in agriculture that has suddenly cropped up in these three years. In some
states, labour costs have gone up by more than 100 per cent over the same period. Due to these
rising costs, the margins of production for farmers have been declining both for paddy and wheat
(Fig 8). Therefore, the government may have to raise procurement prices for rice and wheat to
encourage farmers to increase production of these staples. As the cost of production of crops is
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rising, MSP can't be kept frozen. The increase in the food subsidy bill will primarily depend on
the rate at which the MSP for wheat and rice increases and the economic cost of handling grains
(their procurement, stocking and distribution to the targeted households).

FIGURE 8: STATE —~WISE MARGINS IN PADDY AND WHEAT
CULTIVATION AS A PER CENT OF C2 COSTS
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The procurement incidentals (which include market fees, development cess, arhatia commission,
cost of gunny bags, charges to State governments for storage and interest etc.) contribute to
around one-sixth of the economic cost for both rice and wheat. A major contribution to the
increasing procurement incidentals is from the high rates of statutory levies imposed on the
market by states like Haryana (11.5 per cent) and Punjab (14.5 per cent) (Fig 9). These add to the
costs of procurement for FCI which ultimately add to the food subsidy bill. The concentration of
procurement by FCI in a few states leads to increased distribution costs for the PDS where the
grains are sent to states like UP, MP and Rajasthan.

Figure 9: Rising Procurement Incidentals of FCI
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The difference between the economic cost and issue price is the consumer subsidy, which is
reimbursed by the Central Government to FCI. This segment has been increasing during the last
ten years as despite increasing economic cost, the issue prices have remained unchanged since
July 2000 for BPL families, December 2000 for AAY households and July 2002 for APL
families (Fig 10). In real terms, the current issue prices are around 55 per cent of the original
CIPs implying that rice and wheat are available at almost half the price through the PDS.
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B. Investments Required for Enhancement of Agriculture Productivity

One of the objectives in Schedule 111 relates to the revitalization of agriculture. The production of
wheat and rice need to be enhanced by 25 million tonnes. India has reaped a bumper harvest in
2011-12 and has procured a record 34.9 million tonnes of rice in KMS 2011-12 and 38.1 million
tonnes of wheat in RMS 2012-13. But to sustain these levels of procurement, additional
agricultural investment to increase production would be required.

C. Increased Requirement of Marketing and Processing Infrastructure

Almost 100per cent market arrivals of wheat and common paddy are already procured by
government in Punjab and Haryana. So growth will have to happen in newer territories
especially from Eastern states. Many of these states have a very scanty level of market
infrastructure with lower market surpluses and handling per market. The states would then have
to heavily invest in the market infrastructure to facilitate procurement. Presuming that the
market and processing infrastructure will be required for an additional handling of 18 million
tonnes, the additional investments in mandis will be to the tune of Rs 5000 crore for 3 years and
in the processing infrastructure to the tune of Rs. 5000 crore for 3 years.

D. Increased Requirement of Storage/Warehouse Capacity
The increased level of procurement and distribution of the food grains as result of the Bill will
require higher storage and warehousing capacities. The implementation of the Bill will require
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storage capacity addition between 22- 32 million tonnes (current covered storage capacity is 45
million tonnes). Some rough estimates show that the additional cost of storage infrastructure
would be Rs. 2,500 to 8,500 crore depending upon whether the government invests in silos or
traditional storage. Indian Railways too would have to invest in procurement of rolling stock.

Total Expenditure over Next Three Years

As per the calculations made within the Government set up, the food subsidy alone will cost the
Exchequer about Rs 95,000 crores to start with. If one counts the other parts of the Bill, and
associated set up etc. to get this moving through the existing channel of Public Distribution
System, the Bill may touch an expenditure of anywhere between Rs 125,000 to 150,000 crores.
And if one adds to it the money needed to produce extra foodgrains on sustainable basis—(The
Ministry of Agriculture (DAC) indicated in its submission that an expenditure of Rs 1, 10,600
crores would be needed over a five year period, if one is to ensure ample grain supplies on
sustainable basis under the NFSB. For the success of the Bill in its current form, this expenditure
will have to be front loaded in the first three years, lest a severe drought upsets the entire
calculations about legal commitments.

While calculating the expenditure the facts like rate of statutory levies (taxes, commissions, cess,
etc.) on top of the MSP for any procurement of any grain by state like Punjab may raise in future,
which will result in higher procurement prices. While calculating the expenditure the facts like
rate of statutory levies (taxes, commissions, cess, etc.) on top of the MSP for any procurement of
any grain by state like Punjab may raise in future, which will result in higher procurement prices.
The possible increase in labor costs in FCI must be taken into consideration. Any increase would
add further to the cost, and so would be the cost of setting up extra logistics, from railways to
storage.

TABLE 8: CALCULATION OF COST TO EXCHEQUER

All Figures in Rs crores Year| | Year2 | Year3 Total
Economic Cost(EC)
Rice 98658 | 108524 | 119376
154 17 794
Wheat 5615 61769 | 67946
Total EC- Grain 154812 | 170293 | 187323 512428
Sale of grain
Rice-Priority @ Rs 3 per Kg 7127 7127 7127
Rice-General @ 50per cent of MSP 6408 6311 6942
Wheat — Priority @ Rs 2 per kg 3441 3441 3441
Wheat — General @ 50per cent of MSP 3138 3592 3951
Total Sale of Grain 20114 | 20470 | 21460
Subsidy (A-B-C) 134698 | 149823 | 165862 450383
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Other Expenditure

Agriculture Production Enhancement Costs 66000 | 33000 | 11000

Infrastructure and logistics cost 10000 | 10000 | 10000
National and State Food Commission per annum 146 155 164
District Grievance Redressal per annum 320 339 360
New Scheme for special groups 8920 8920 8920
Maternity Benefit per annum-cash scheme 14512 | 14512 | 14512
Misc Costs ( PDS reforggs), Addl. Staff and office 6667 6667 6667
Total Other Expenditure 106565 | 73593 | 51622 231780
Total outflow from Govt (D+E) 241263 | 223416 | 217485 682163

MACROECONOMIC ASPECTS AND NFSB

Increase in Subsidies

As already delineated in the paper in earlier section, NFSB would require huge funds and thereby
huge subsidies by the Central Government. The source for these subsidies could be increasing
fiscal deficit (fuelling inflation), additional revenue generation or shift of funds from investment
to subsidies. Green Revolution was not an outcome of subsidies but rather of enhanced
investments in Technology, Institutions (R andD), communication and physical infrastructure.
Public investment in agriculture as a percentage of agri-GDP has increased from 1.8 per cent in
2000-01 to 3.4 per cent in 2010-11. But input subsidies, as a per centage of agri-GDP, have
increased at a faster pace than public investment, from 8.9 per cent in 2000-01 to 17.2 per
cent in 2009-10. Together, only food and fertilizer subsidies, as a ratio of GDP
(agri),accounted for 12.4 per cent in 2010-11- up from 6.0 per cent in 2000-01. In comparison,
public investment in agriculture is only around one-fourth of this which is reflective of the
imbalance between use of subsidies and investments as policy instruments for agricultural
growth. It may be worth noting here that during the last three Five Year Plans, agricultural sector
has failed to achieve the modest targeted growth of 4 per cent.

Given fiscal constraints, there is always a trade-off between allocating money through subsidies
and increasing investments. Ample research shows that investment option is always preferable to
subsidies to sustain long-term growth in agricultural production and also to reduce poverty
faster. So the focus of public expenditure for agriculture needs to shift towards investments to
boost productivity rather than subsidies. In contrast, NFSB is likely to shift the nature of resource
allocation more towards subsidies rather than investments. This will be retrogressive from long
term agri-growth and sustainable food security point of view

Forcible Low-Level Equilibrium Trap for Indian Agriculture

The structural composition of agriculture has been evolving over the years. Within the value of
total output of agriculture and allied sector, the share of cereals has declined from 27.3per cent in
TE 1990-91 to 21.0per cent in TE 2010-11 while the share of livestock has increased from 23.7
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per cent to 29 per cent in the same period. Currently, cereals constitute only about one fifths of
the total value of output from agriculture and allied sector which is less than the contribution
from the livestock sector and almost equal to the fruits and vegetables. The share of fruits and
vegetables and livestock have shown an increasing trend in recent years implying that they have
been growing at a much faster rate than the traditional crops sector. Given the rising share of
high value commaodities in the total value of agricultural output and their growth potential, this
segment is likely to drive agricultural growth in the years to come. Being highly perishable in
nature, this segment requires faster and better linkages between farms and firms in the logistics,
processing and organized retailing.

Faster growth in per capita incomes and urbanization are triggering shift towards high value
commodities like fruits, vegetables, fats and oils, and animal products such as dairy, poultry and
eggs. Share of expenditure on cereals in total food expenditure has declined from 41per cent in
1987-88 to 29.1 per cent in 2009-10 in rural areas and from 26.5per cent in 1987-88 to 22.4 per
cent in 2009-10 in urban areas. The Bill's focus on rice and wheat goes against the trend for
many Indians who are gradually diversifying their diet to protein-rich foods such as dairy, eggs
and poultry, as well as fruit and vegetables. There is a need for a more nuanced food security
strategy which is not obsessed with macro-level foodgrains availability. But at the policy level,
the Government is still focused on foodgrains and with NFSB is clearly reversing the movement
of Indian agriculture from high value items to foodgrains. This will trap the Indian agricultural
sector in a low level equilibrium trap as returns are generally higher in high value
agriculture. But a faster movement towards high value agriculture needs large investments in
infrastructure and risk mitigating strategies. The NFSB is likely to slow down this natural
process, and at places even reverse this trend.

Restricted Private Initiative in Agriculture

In pursuit of the food sufficiency regime a regulatory framework has been created with massive
government intervention in terms of policing powers under the APMC Act and Essential
Commodities Act, interstate movement restrictions, regular but unpredictable export bans on
foodgrains, banning of forwards trading on commaodity exchanges etc. This will be even further
tightened to enable government to carry out its procurement functions now. A combination of
the quantum of public procurement and a stringent regulatory framework would drive the private
sector out of the food grains sector.

Let us illustrate this with an example of Punjab. Punjab experienced an increasing rate of growth
for about 25 years, but from 1997-98, Punjab has experienced a deceleration in its rate of growth.
Cultivation of high-yielding varieties of paddy, particularly under assured tube well irrigation
has resulted in an alarming depletion of the underground water table, decline in soil fertility, an
increased incidence of insect pests, weeds, and increased resistance towards use of chemical
inputs, and decelerating rates of growth in yields. Further, almost complete takeover by state
of the foodgrain markets caused much of the private sector to withdraw and there was not much
modernization and scaling up of its agro processing (mills etc) and storage infrastructure. Punjab
rice and wheat may not be even globally competitive without large subsidies through free
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power and water. It is surviving basically on government support and without much value
addition. As a result Punjab’s agri-GDP growth during the decade of 2000 remained pitiably low
at less than 2 per cent. Gujarat, in contrast, has focused on commercial crops and diversified into
non-farm activities like milk, along with a strong focus on investments in value adding
infrastructure. This holds the key to the stupendous growth in agriculture of more than 9per cent
per annum witnessed during the decade of 2000. Gujarat remained almost free from any large
scale government intervention and regulation, and leveraged its private entrepreneurs to
drive growth. Through incentives to attract private sector by providing a favorable investment
climate, several non-farm income generating employment opportunities have been created in
rural areas supplementing rural income.

State Takeover of Food Grain Economy Would Cripple Competition

Since 2006-07, the procurement levels for rice and wheat have increased manifold with more
than one-third of the total production being procured for Central Pool. This will be even more
pronounced if procurement is taken as a share of marketed surplus -more than 40 per cent for
rice and more than 50 per cent for wheat. Currently, piling stocks of wheat with FCI has led to an
artificial shortage of wheat in the market in the face of a bumper crop. Wheat prices have gone
up in domestic markets by almost 20 per cent in the last three months alone, because of these
huge stocks with the government that has left very little surplus in markets. Apart from
imposing a huge additional cost to procure, store, transport and distribute grain, increasing public
procurement strangulates the domestic grain market.

Inflationary Pressures on Food Prices

India has recently been experiencing high food inflation in the face of record production of food
grains, robust buffer stocks and growing resilience of agriculture to monsoon uncertainties. A
distinct feature of recent food price inflation has been the sustained price pressure in
protein rich items (pulses, milk, fish, meat and eggs). According to RBI, the inflationary
impact of NFSB will depend on the extent to which it will raise demand for food grains
relative to the normal increase in supply. This will create demand pressures, which will
inevitably spillover to market prices of food grains. Furthermore, the higher food subsidy burden
on the budget will raise the fiscal deficit, exacerbating macro level inflationary pressures.
Additionally, the need to procure large amounts would need a consistent rise in MSP of the
foodgrains to incentivize their production further fuelling the inflationary pressures. This will
create further macroeconomic imbalances.

NFSB focus on cereals is likely to induce severe imbalance in the production of oilseeds and
pulses, resulting in substantial imports in the coming years. India imported a whopping US$ 9.7
billion (Rs 46,242 crore) worth of edible oils in 2011-12 — a 47.5 per cent jump from last year
and pulses worth US$ 1.8 billion (Rs 8767 crore) during 2011-12- an increase of 16.4 per cent as
compared to last year. Assured procurement gives an incentive for farmers to produce cereals
rather than diversify the production-basket. Import intensity will intensify at higher prices
creating inflationary pressures. Vegetable production too may be affected - pushing food
inflation further.
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Impact on ‘Absorption’ Pillar of Food Security

NFSB also aims at improving the nutritional status of the population especially of women and
children. But studies have shown that the challenge of improving absorption lies in linking
nutrition with health, education and agriculture interventions. Access to sanitation

Facilities and women’s literacy in particular are found to be strong factors affecting malnutrition.
The Indian government has recognized malnutrition as a serious problem in every plan
document. However, a pressing issue is the absence of a comprehensive and functioning
National Nutrition Strategy. Direct nutrition intervention through the Special Nutrition
Programme under the Integrated Child Development Scheme (ICDS; now called the
Supplementary Nutrition Programme) and the MidDay Meals Scheme (MDMS) are currently in
force to address the nutritional needs of children and women and would continue to be the
channels through NFSB. Though no deeper analysis of these schemes has been done for
the purpose of this paper, yet it needs to be recognized that malnutrition is a multi-
dimensional problem and needs a multi-pronged strategy Women’s education access to clean
drinking water, availability of hygienic sanitation facilities are the prime prerequisites for
improved nutrition. If we include the costs to create such rural and urban infrastructure,
enormous financial expenditures and effective strategies are required.

Legal Aspect

The last but not the least the legal aspect of the act needs to be strengthened further. The current
provision of penalty for errant official is only five thousand rupees which should be rationalized
along with other punitive actions, depending upon the magnitude and severity of complain. The
act must have time bound provisions to dispose the claims and grievances of the intended
beneficiaries as some of them may have urgent need to access of food and delay in disposal of
grievances could be a matter of life or death. The proposed citizen’s charter will be good
supplementary legislation to realize the objective of “Right to Food Act” along with ‘Right to
Information Act’. The provision of social audit as seen in case of MGNREGA will also help to
maintain transparency in selection of the beneficiaries and distribution of food gains.
Involvement of local governments and voluntary organizations in the implementation of the
scheme as proposed under the bill are welcome provisions to safeguard the interest of the poor.
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The nexus between water, energy and food security means that the three sectors - water security,
energy security and food security - are intricately linked, and that measures and actions in one
area more often than not have impacts in one or both of the others. These connections have
always been present, but as the world population plunges towards eight billion with increasing
demands for basic services and growing desires for higher living standards, the need for the vital
resources necessary to achieve those services and desires has become more obvious.

Water security as defined in the Millennium Development Goals (MDGs) as access to safe
drinking water and sanitation, both of which have recently become a human right. While not part
of most water security definitions yet, availability of and access to water for other human and
ecosystem uses is also very important from a nexus perspective; energy security has been defined
as access to clean, reliable and affordable energy services for heating, communications and
productive uses, at an affordable price, while respecting environment concerns; and food security
is defined as availability and access to sufficient, safe and healthy food for an active and healthy
life. The importance on access in these definitions also implies that security is not so much about
average availability of resources, but has to include variability and extreme situations such as
droughts and the pliability of the poor.

Linkages among the Water, Energy and Food Security Sectors

Improved water, energy and food security on a global level can be achieved through a nexus
approach — an approach that integrates management and governance across sectors and scales. A
nexus approach also helps in the transition to a Green Economy, which intends, at resource use
efficiency and greater policy consistency. Given the increasing interconnectedness across these
three areas, a reduction of negative economic, social and environmental externalities can increase
overall resource use efficiency, provide additional benefits and secure the human rights to water
and food. Thus, a nexus perspective increases the understanding of the interdependencies across
the water, energy and food sectors and influences policies in other areas of climate concerns. The
nexus perspective helps to rule out interdisciplinary solutions, thus increasing opportunities for
mutually beneficial responses between and among all sectors. A deep understanding of the nexus
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approach will thus provide the informed framework that is required to meet increasing global
demands without compromising sustainability. The nexus approach will also consent to decision-
makers to develop suitable policies, strategies, and to identify and alleviate trade-offs among the
development goals related to water, energy and food security. Active participation by and among
government agencies, the private sector and civil society is significant to keep away from
unplanned undesirable consequences. A true nexus approach can only be accomplished through
secure partnership of all actors from all sectors.

There are substantial linkages among water, energy and food are. Water is used for extraction,
mining, processing, as well as for growing feedstock for biofuels and for generating electricity.
Water intensity varies in the energy sector, with oil and gas production requiring much less water
than oil from tar sands or biofuels. Identifying biofuels for energy production should requires
prioritizing carefully, since water that has been used to grow feedstock for biofuels could also
have been used to grow food.

Many forms of energy production through fossil fuels are highly polluting in addition to being
water intensive. Further, return flows from power plants to rivers are warmer than the water that
was taken in and/or are highly polluted and can consequently compromise other downstream
usage, including ecosystems. Conversely, energy is needed for extracting, distribution and
treatment of water. Food production is by far the largest consumer of global fresh water supplies.
Globally, agriculture is responsible for an average of 70 per cent of fresh water consumption by
humans; in some countries that figure ranges between 80-90 per cent. Agriculture is therefore
also responsible for much of fresh water over-exploitation. Food production further impacts the
water sector through land degradation, changes in runoff water, groundwater discharge, water
quality and availability of water and land for other needs. The increased yields that have resulted
from mechanization and other modern measures have come at a high energy price, as the
complete food and supply chain accounts for approximately 30 per cent of total global energy
demand. Energy fuels land preparation, fertilizer production, irrigation and the sowing, and
harvesting of crops. The links between food and energy have become quite obvious in recent
years as increases in the price of oil lead very quickly to increases in the price of food. The
energy sector can have other negative impacts on the food sector when mining for fossil fuels
and deforestation for biofuels reduce land for agriculture, and ecosystems.

While the prospects provided by the nexus perspective and the consequent social, environmental
and economic benefits are factual, implementation necessitates the right policies and institutions
that are up to the mission, as well as frameworks that support empowerment, knowledge and
research. Water and energy are closely entangled throughout the food chain. Irrigation implies
escalating energy bills and energy is also powerfully used to make water of good enough quality
for agriculture. Energy production is linked with significant water consumption, for instance,
biofuels that can consume 20-30 tonnes of water per litre bio-fuel produces. Additionally, water
can be used for hydropower generation in many parts of the world. The interconnections between
water, food, and energy also concerns cost factor. Energy is a key input to agriculture, thus
higher energy costs obstructs agricultural production, irrigation, and as a result food prices thus
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hampering food security. Increasing energy prices also provide an incentive for replacement of
food crops with growing fuel crops. The instability of energy prices is hence conveyed to the
food price contributing to increased food security risks.

Environmental Impact of Virtual Water Trade

Virtual water among the countries and continents and within the nation is largely due to the trade
of agricultural commodity, the country which export maximum of their agricultural product has
definitely been reducing their ground level water. Trade is a source of foreign exchange and
therefore, every nation wants to increase its per capita income by exporting maximum of their
commodity in the international market. This has totally changed the overall production pattern of
the country as land resources are scarce and it needs greater inputs like chemical fertilisers,
pesticides, etc. so the soil profile is losing its quality with every passing day. The intensive use of
pesticides is not only affecting the soil health but also on human health like mental retardation,
brain haemorrhage.

According to Kampman (2007), the states like Haryana and Punjab are always with
overproduction of their agricultural products, thereby reducing their ground water level. Hence
this affects their blue and green water balance. On the other hand, Bihar, Jharkhand, Odisha
import virtual water from northern states even though they have surplus ground water. This
creates greater imbalance between states. One of the visual observation at village of Haryana,
revealed that the farmers are unable to grow crops round the year. They could only grow the crop
in the rainy season because water table was low and so difficult to pump out the ground water for
irrigation purpose and even for drinking. This situation has created only the impact of maximum
exploitation of ground water for growing water intensive crops.

Indian Food Security and Agricultural Scenario

Agriculture is the basis of economy and sustenance of life of the people of India. Sustainable
agriculture may be regarded as the successful management of resources for agriculture to satisfy
the changing human needs while maintaining or enhancing the quality of environment and
conserving natural resources. Sustainable agriculture integrates three main goals: environmental
health, economic profitability, and social equity. Success in promoting sustainable agriculture
can be achieved on seven fronts, namely, crop diversification, genetic diversity, integrated
nutrient management, integrated pest management, sustainable water management, post harvest
technology and sound extension programmes (FAO, 1991).

It is generally believed that India has maintained a satisfactory level of food production in the
1980s. Food grain production in India has witnessed a steady increasing growth rate during the
1970s and 1980s from the rate of the previous decades, but the 1990s has witnessed a sharp fall
in the growth rate. In fact, the growth rate of foodgrain production during the 1990s has been
close to the annual population growth rate, which implies a stagnant per capita production level
(Rao, 1997; Sawant, 1997). A comprehensive analysis of agricultural performance and
productivity of Indian agriculture by Kumar (2001) has revealed that the changes in cropping
pattern have been taking place as a result of substitution of low productivity crops by those
which have shown impressive performance in productivity growth. Some of these crops are
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paddy, wheat, maize, groundnut, rapeseed and mustard and sugarcane. Coarse cereal and pulses
have shown a steady decline in their area. Changes in the cropping pattern had contributed to
output growth considerably. Future source of food supply would be the enhancement of yield
through technological change (Kumar, 2001).

However, sustaining a steady growth rate of yield would require efficient and optimal resource
use of land, surface and ground water, and genetic resources, greater attention to cropping
systems than individual crops, revamping the research and extension systems towards varietal
improvement for dryland crops, strengthening adaptive local research, emphasis on bio-diversity
and ecological balances, improving rural infrastructure including processing, marketing and
storage, education and access to mass media, and development of rural financial markets
(Vaidyanathan, 1994).

Indices for economic and social status are composite indicators of the economic and social well-
being at the community, state and national levels. These social indicators are used to monitor the
social system and help in the identification of problem areas that need policy planning and
require intervention to alter the course of social change.

If the existing trends in high population growth, low agricultural development, wide disparities
in income, huge environmental degradation, and high incidence poverty continues, India’s food,
agriculture, environment, and quality of human life will be seriously threatened in the coming
years. Poverty and malnutrition are likely to remain as major problems. Pressure to produce
more food from less land, use of more natural resources, enormous growth in the population and
unequal distribution of income will harm the environment in the years to come.

Agriculture sector reforms should be initiated on a war-footing, to bring together all the best that
is available and make agriculture an organised unit to give farmers the maximum benefits.
Turning agriculture into an organised business with the farmer as the entrepreneur should be the
key to second green revolution and for the much desired evergreen revolution in India. Farming
should be taken up with the motive of profit making rather than just making a subsistence living.
With huge diversity in the number and variety of crops that we produce, variations in agro-
climatic conditions, soil type, and prevailing inequalities in the state growth levels, it is most
essential to implement the development plans through micro level initiatives and proper
coordination between all the stakeholders. These issues need to be considered to meet the targets
laid out in the 11" Plan strategy to raise agricultural output. Therefore, the prevailing policy
instruments need to be re-looked at, re-defined and efficiently implemented to enhance
agriculture productivity and especially dryland farming. There is an urgent need to reduce the
regional disparity through appropriate policy planning for a balanced development of the
country. There is a need to motivate more private investment into the agriculture sector and
incentives like tax concessions or benefits can be proposed to them. There is also a strong need
for public-private partnership, not only to start new projects but also to support and maintain the
existing public structure.

The following are suggested for not only improving productivity but also for ensuring food
security.
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1. Integrated Nutrient Management: Attention should be given to balanced use of
nutrients. Phosphorus deficiency is the most widespread soil fertility problem in both irrigated
and un-irrigated areas. To improve the efficiency of fertiliser- use, what is really needed is
enhanced location-specific research on efficient fertiliser practices, improvement in soil testing
services, development of improved fertiliser supply and distribution systems and development of
physical and institutional infrastructure (Kumar and Desai, 1995).

2. Water for Sustainable Food Security: India, being crop based, needs to produce
more and more from less and less of land and water resources. Alarming rates of ground water
depletions and increasing environmental and social problems pose acute threats to humankind.
Improved management of irrigation water is essential in enhancing production and productivity,
food security, poverty alleviation. In India, water availability per capita was over 5000 cubic
metres per annum in 1950. It now stands at around 2000 cubic metres and is projected to decline
to 1500 cubic metres by 2005. Further, the quality of available water is deteriorating faster
(Kumar, 2001). Agriculture is the biggest user of water accounting for about 80 per cent of the
water withdrawals. There are pressures for diverting water from agriculture to other sectors. It
is has been projected that availability of water for agriculture use in India may be reduced by 21
per cent by 2020, resulting in drop of yields of irrigated crops, especially rice, leading to price
rise and threat to food security of the poor. The needs of other sectors for water cannot be
ignored. As a result, it is necessary that an integrated water use policy is formulated and
judiciously implemented.

3. Enhancing Yield of Major Commodities: The yield of major crops and livestock
commodities must be increased. There is a need to strengthen adaptive research and technology,
assessment and refinement capabilities of the country so that the existing gaps in technology can
be bridged. For this, an appropriate network of extension service will have to be created to
stimulate and encourage both top-down and bottom-up flow of information among farmers,
extension workers and researchers. The agronomic and soil research need to be intensified to
deal with the location-specific problems as decelerating productivity growth in the major
production systems. Research on coarse grains, pulses and oil seeds must achieve a production
breakthrough. Hybrid rice, single cross hybrids of maize and pigeon pea hybrids offer new
opportunities. Soybean, sunflower and oil palm will help in meeting the future oil demands
successfully. Forest cover must be preserved to keep off climatic disturbances and provide
adequate fuel and fodder. Milk meat and draught capacity of our animals need to be improved
through management practices.

4. Increase in Productivity: It is imperative for India to maintain a steady growth rate
in productivity. As productivity increases, the cost of production decreases and the prices also
decrease and stabilises. Both producer and consumer share the benefits. The fall in food prices
will benefit the urban and rural poor more than upper income groups, because the former spends
a much larger proportion of their income on cereals than the latter. All the efforts need to be
concentrated on accelerating growth in productivity, whilst conserving natural resources and
promoting ecological integrity of agricultural system. More than half of the required growth in
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yield to meet the target of demand must be met from research efforts by developing location-
specific and low input use technologies with emphasis on the regions where the current yields
are below the national average yield.

5. Making Dry Areas As Green: Resource poor farmers in the rainfed ecosystems
practise less intensive agriculture; they depend on local agriculture for their livelihood and
benefit little from increased food production in the irrigated areas. To help them, efforts must be
increased to disseminate the available dryland technologies and to generate new ones. Farming
system research to develop location-specific technologies must be intensified in the rainfed
areas. (Singh et al, 2002). The Government of India has already extended high priority to
watershed development programmes in rainfed areas.

6. Watershed Development: Watershed development and water saving techniques will
have far reaching implications in increasing agricultural production in rainfed areas. Livestock
sector should be given high priority with multiple objectives of diversifying agriculture, raising
income and meeting the nutritional security of the poor farm households.

India and most of the countries in South Asia have concentrated on enhanced production of a few
food commodities like rice and wheat, which could quickly contribute to their total food
agricultural production. The rice-wheat based cropping system, spread in the most fertile areas, is
the backbone of food security in South Asia. All the efforts in the future have to be concentrated
on breaking the yield plateau by conserving natural resources and promoting ecological integrity
of the agricultural system. Producing more with less of inputs will be the major challenge in the
next two decades. Research problems in the rainfed unfavourable ecosystems and breaking of the
current irrigated yield ceilings are more complex and challenging. To make headway in them
will require mobilisation of the best of science and the best of scientists in the National
Agricultural Research System. This needs higher investment in agricultural research.

CONCLUSION

India is the major producer and consumer of food in South Asian region and possesses huge
potential that remains highly under realised. Therefore, India has to play a major role not only to
maintain its own self-sufficiency in food production but also to meet the additional requirement
of its neighbouring countries. The right research priorities and production strategies will
promote future growth in agriculture and ensure sustainable food and nutritional security.

With the growing world population, particularly in urban areas, the water, energy, and food
resources will be facing budding challenges. By 2030, water supply could face a 40 per cent
shortfall, with the world's food needs growing by as much as 50 per cent. By 2050, energy
requirement will be three times greater than it was a mere decade ago. Urban development,
infrastructure quality, investments in water and energy, demand and supply management
solutions possibly will all have an impact on water resources, food and energy production.

Since an average uses of water less than half the amount of water consumed by an average
American, but still India is the world largest exporter of virtual water by using more domestic
water resources for export products than any other country. Indis’s per capita water consumption
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is 1,089000 litres per year, but trade due to India’s net virtual water export is 95,000 million
cubic meters.

Agriculture is a backbone of Indian economy, because still today agricultural trade contribute
more than 16 per cent in country’s GDP. All agricultural products are water intensive such as
farm produces i.e. everything from food crops to cash crops. The analysis of global water use
also indicates that 90 per cent of India’s gross virtual water exports is related to food products.
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ABSTRACT

Water is not only essential for good health, but is also a factor helping in food production. Yet
only a small amount of the water on earth is available to meet the competing demands of
mankind. Climate change is widely considered to be one of the most difficult challenges facing
us, both in terms of the action needed to limit it and the ways in which we will have to adapt to
its effects. It is considered as posing the greatest threat to agriculture and food security in the
21% century, especially in many of the poor, agriculture dependent countries. Without some form
of water control across the world’s river basins, freshwater lakes and associated aquifers, local,
regional and global food security would not be possible. The socio-economic and environmental
factors will play a dominant role in shaping future water management policies. At the same time,
climate change will increase future risk and vulnerability of crop production related to water
supply and its availability. The amount of water allocated to agriculture and water management
choices will determine, to a large extent, whether societies achieve economic and social
development and environmental sustainability. This paper reviews current knowledge about the
relationships between climate change, water and food security. Though the availability of food
and its utilization are less directly linked to water, income from irrigated cash crops is affected
by water availability. The safe utilization of water is interwoven with household hygiene and
food preparation which depends upon water supply. Against a background of degraded
agricultural land, diminishing water resources and progressively thinner stocks of key food
products, the ability to improve agricultural production has become a matter of utmost concern.
The rural population is at most risk from anticipated climate change especially those living in
semi-arid and arid zones have few options for adapting to water scarcity other than migration. It
is suggested that adaptation strategies will be needed in the future to reduce the anticipated
impact of climate change on availability of water and food security.

KEY WORDS: Water, climate, agriculture, degradation, management, policies, development

INTRODUCTION

Nowhere in the world, in no act of genocide, in no war, are so many people killed per minute,
per hour and per day as those who are killed by hunger and poverty on our planet —Fidel Castro,
1998. The developing countries in the tropics are more susceptible to climate change damage
than temperate countries. Agriculture in the productive areas of Africa and South Asia will be
amongst the worst-affected. According to some estimates, almost 40per cent of the production
potential in certain developing countries could be lost. The changes in rainfall patterns and
temperature regimes will influence the local water balance and disturb the optimal cultivation
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period available for particular crops, thus affecting food and agricultural production. The worst
brunt of climate change will be borne by the farmers in the areas where agriculture is dependent
upon rains. In South Asia, the biggest blow to food production is expected to come from the loss
of multiple cropping zones. The worst affected areas are predicted to be the double and triple
cropping zones.

Developing countries face a substantial decrease in cereal production potential. In India, rice
production is slated to decrease by almost a tonne/hectare if the temperature goes up by 2°C. By
2050, about half of India’s prime wheat production area could get heat stressed, with the
cultivation window becoming smaller, affecting productivity. For each 1°C rise in mean
temperature, wheat yield losses in India are likely to be around 7 million tonnes per year, or
around $ 1.5 billion at current prices. Contrary to the 18th century warnings of Thomas Malthus
and his modern followers, study after study shows that global food production has consistently
outstripped population growth, and that there is more than enough food to feed everyone.
According to the United Nations Food and Agriculture Organization, enough food is produced in
the world to provide over 2800 calories a day to everyone, substantially more than the minimum
required for good health and about 18per cent more calories per person than in the 1960’s,
despite a significant increase in total population. Despite that, the most commonly proposed
solution to world hunger is new technology to increase food production. The Alliance for a
Green Revolution in Africa, funded by the Bill and Melinda Gates Foundation and the
Rockefeller Foundation, aims to develop ‘more productive and resilient varieties of Africa’s
major food crop to enable Africa’s small-scale farmers to produce larger, more diverse and
reliable harvests’. Similarly, the Manila based International Rice Research Institute has initiated
a public-private partnership ‘to increase rice production across Asia via the accelerated
development and introduction of hybrid rice technologies.’

Scientific research is vitally important to the development of agriculture, but initiatives that
assume in advance that new seeds and chemicals are needed are neither credible nor truly
scientific. The fact that there is already enough food to feed the world shows that the food crisis
is not a technical problem but it is a social and political problem. Rather than asking how to
increase production, our first question should be why, when so much food is available, are over
850 million people hungry and malnourished? Why do 18,000 children die of hunger every day?
Why can’t the global food industry feed the hungry? To offset most of this loss, an effort must be
made to convert today’s single-cropping areas into two-crop zones. This can first and foremost
be done by efficient water harvesting and equitable management.

Coping with the impact of climate change on agriculture will require careful management of
resources like soil, water and biodiversity. Making agriculture sustainable is possible only
through production systems that make the most efficient use of environmental goods and
services without damaging these assets. If climate change impacts can be incorporated in the
design and implementation of development programmes right away, it will help to reduce
vulnerability, stabilise food production and secure livelihoods. A large scale climate literacy
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programme is necessary to prepare farmers, who are today bewildered by the rapid fluctuations
in weather conditions that affect their agriculture.

To cope with the impact of climate change on agriculture and food production, India will need to
act at the global, regional, national and local levels.

RECOMMENDATIONS FOR ACTION

Global

India must negotiate hard against the post-Copenhagen ‘pledge and review’ framework for
emissions and try to get global temperature rise capped at 2°C. If this is not done, the impact on
agriculture and food security in developing countries will be devastating. Rising temperatures
will be beneficial for agriculture in cold temperate regions since warmer conditions will allow
their single crop zones to become two, even three crop zones. Given that agriculture is the
lifeline of the developing world and will bear the worst brunt of climate change, India must insist
that developed countries reduce their own agriculture emissions while at the same time paying
for adaptation, especially in the agriculture sector, consistent with the “polluter pays’ principle.
Regional

Regional cooperation at the SAARC level is necessary to protect the Himalayan ecosystems and
minimize melting of glaciers. Negotiations on river waters emanating from the Tibetan plateau
are urgent so that flows in our major rivers like the Ganga and Brahmaputra are maintained to
support agriculture. Regional strategies for mitigation and adaptation across similar agro-
ecologies will help all countries of the region to protect their agriculture and food production.

National

New appropriate policy and budgetary support for mitigation and adaptation actions is needed.
Multiple food and livelihood strategies are required in rural areas to minimize risk. Food
inflation must be contained at all costs. It will worsen with climate change, as more frequent and
unpredictable drought and floods will result in reduction in food production. Just one bad
monsoon in 2009 led to a reduction of 15 million tonnes of rice and 4 million tonnes of pulse
production, causing escalation in prices. A carefully planned programme for strategic research,
along with dedicated funding, is needed to develop solutions to cope with the impact of global
warming on crops, livestock, fish, soil, etc.

Local

The pursuit of sustainable agricultural development at the local level is integral to climate change
mitigation, and combating the effects of climate change is vital for sustainable agriculture.
Location-specific technologies will need to be developed at the level of the agro-ecological unit,
to make agriculture sustainable and minimize losses to food and nutrition. The real challenge to
the agricultural future of our country, however, will have to be met by rapid and targeted
adaptation strategies. Adaptation will require strategies to reduce vulnerabilities, strengthen
resilience and build the adaptive capacity of rural and farming communities. Industrial agro
ecosystems damage environmental goods and services and so have weak resilience.

The development of sustainability in agriculture production systems rather than seeking to
maximise crop, aqua cultural and livestock outputs, will help farming communities cope with the
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uncertainties of climate change. The ecosystem approach with crop rotations, bio-organic
fertilizers, appropriate control of pests and improvement in water retention will increase fertile
top soil, reduce soil erosion and maintain productivity over the long term. Building resilience in
agro ecosystems and farming communities, improving adaptive capacity and mitigating
greenhouse gas emissions will go a long way in enhancing food availability.

Environmental Quality Management Strategies

Environmentally sustainable development requires a combination of six strategies: economic
incentives against polluting, law enforcement, technological interventions such as cleaner
technologies, institutional mechanisms, poverty alleviation programs, and people’s participation.
This section examines how these strategies can be effective.

Law Enforcement and Other Controls

> Consolidate Pollution Control Laws: The environment has to be addressed
holistically as different media like air, water and soil are interconnected and pollution
once generated, can shift in space and time. That is, pollution can be diluted in more
water or air or converted into different forms of pollutants like burning solid waste and
causing air pollution or pollution laws must be consolidated to address this issue.

> Introduce Full Liability Laws: Industries and other polluters should be made fully
liable for their pollution. After the Bhopal tragedy this should have been obvious, yet the
Bhopal victims have not got adequate compensation.

> Make Clean Technologies Mandatory In New Industries: The current industry
growth rates are around 7-8per cent. In this light, industries being established now will
comprise 50per cent of the market in 9 years (Jayaraman 2001). Cleaner technologies
should be made mandatory in such industries so as to reduce pollution in the coming
years. Industries are less willing to change their techniques once they are established.
Hence, they should be made to take on cleaner technologies right from the start. The
technology for small-scale industries can be improved by requiring large-scale capital
goods manufacturers to produce less polluting equipment.

> Make Functioning Treatment Facilities Mandatory — Often, due to mandatory
requirements, effluent treatment plants are set up but not operated to save operating costs.
Therefore, laws should provide for monitoring operation of these facilities.

> Require Environmental Audits For Industry — Environmental impact
assessments are often made at the start of the project but prescribed environmental
management practices are often forgotten once the project is underway. Regular audits
would act as self-monitoring and enhance compliance to standards.

> Provide Effective Right To Information - If people have the information about
what their neighbouring industry pollutes, they would generate pressures for abatement
and treatment. Full liability laws need to be complemented with right to information.

A knowledge-intensive rather than input-intensive approach should be adopted to develop
adaptation strategies. Traditional knowledge about the community’s coping strategies should be
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documented and used in training programmes to help find solutions to address the uncertainties
of climate change, build resilience, adapt agriculture, and reduce emissions. The conservation of
the genetic diversity of crops and animal breeds, and its associated knowledge, in partnership
with local communities, must receive the highest priority. Agricultural credit and insurance
systems must be made more comprehensive and responsive to the needs of small farmers. For
instance, pigs are not covered by livestock insurance despite their potential for income
enhancement of poor households. Decentralised seed production programmes involving local
communities, to address the crisis of seed availability. Seeds of the main crops and contingency
crops (for a delayed/failed monsoon, or floods) as well as seeds of fodder and green manure
plants specific to the agro ecological unit must be produced and stocked. Technical and financial
investments must be made in climate adaptation and mitigation research.

THE PATH FORWARD

There will be further efforts to coordinate between departments as we move to the
implementation of the updated strategies. This will include efforts related to communication and
awareness building amongst our countrymen, science and technology development and staff
training. The Government will also move forward on the current priority areas and identify
opportunities for additional collaboration. The transition to a more sustainable society in the 21st
Century will not be achieved by one department or one level of government alone. Moving
toward more sustainable development will require the commitment and attention of decision
makers at all levels of society. The Sustainable Development Strategies are an important element
of the Government of India's response to this significant challenge. The strategies will identify
common goals and actions towards ensuring healthy human and natural environments,
supporting emerging governance systems, advancing appropriate use of natural resources,
building vibrant communities, and influencing international activities.

It is not possible for the government to monitor pollution and the corresponding acts of all
industries and individuals. People must be made stakeholders in the environment through
awareness campaigns. Industries are sensitive to public pressure. Experience in the west suggests
that firms wish to maintain a green profile when citizens are aware of environmental issues.
Through generating awareness, the public could directly affect the environmental practices of
industries. India has to move forward technologically in an overall context to avoid pollution at
source. Modern technologies already developed in the developed countries such as better power
plants and cleaner vehicles should be considered through technology transfer for pollution
measurements. Technological innovations allow India to develop rapidly in an environmentally
sustainable manner. India cannot afford to neglect the environment, if sustainable development is
desired. The pressures on environment have to be curtailed by reducing population pressure,
increasing literacy, environmental awareness drives and poverty alleviation programmes. The
poor have to be turned into agents for environmental restoration by involving them in say forest
management, waste management, recycling and so on in a manner that creates incentives for
them to use natural resources in sustainable manner. The economic activities must be conducted
using environment conserving and resource saving technologies.
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Managing environment through better urban designs, improvement in transportation
infrastructures and creative use of information technologies needs to be considered seriously. An
effective and prompt judiciary and enforcement machinery have proved to be powerful allies in
the movements for environmental protection. The strategy for environmental governance should
consist of law enforcement, providing economic incentives, people’s participation, institutional
reforms and support and technological improvements. With the determination of the government,
private sector, NGOs, and people, India can perhaps deal with climate change, water and food
security.
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ABSTRACT

India has a high GDP for the past few years, but that does not erase the factthat under-nutrition
still prevails in alarming proportions. In the South Asian region, India and Bangladesh continue
to have high rates of malnutrition. The “World Development Report 2012: Gender, Equality and
Development” highlights issues on the persistence of malnutrition in South Asia. Pregnant
women in South Asia put on less weight during pregnancy than they should: 5kgs on average
compared to the worldwide average of close to 10kgs. Too often, new mothers are still children
themselves, a staggering 75per cent of them are anaemic, and some one-third of all babies in
India are born with low birth-weights. Studies reveal that girls in developed countries and low-
income countries bear the consequence of chronic food insecurity on their development and
well-being. Also being seen here is the public health system’s poor responsiveness to community
needs.

Adolescents in developing countries are exposed to adverse environmental conditions including
food insecurity. The following study of rural Uttar Pradesh deals with food beliefs and food
consumption during pregnancy. The study conducted on 300 women in the reproductive age
group, was in-depth and qualitative, with the objective of understanding the food consumption
behaviour of pregnant women and access to antenatal care.Menarche marks the development of
girls including the timing of sexual maturation, nutritional status, and trajectory of growth
during the pre-pubertal periods and wellbeing of girls.Girls were subjected to early marriages
and subsequently, early child-bearing. Though many beliefs related to dietary intake were in line
with the dietary guidelines, women could not afford to consume them. There was insufficient
access to nutrients for normal health, growth and development. These were also related to
concerns around food availability at home. Though not genetic, we know that malnutrition is
inter-generational, meaning that it takes a few generations for the once malnourished girl to
become the grandmother of a well nourished child.

The study suggests that India faces a challenge in addressing the nutritional needs of adolescent
girls that cannot be resolved by public health services alone. We need to provide a
comprehensive package of subsidized food-grains and nutrition cum health services to reach the
real beneficiaries and adolescents. The recently launched “Sabla” Scheme by Ministry of
Women and Child Development is a welcome step towards this with a package of health and
nutrition services such as health check-ups with referrals, Guidance on Adolescents’
Reproductive and Sexual Health, Nutrition, Life skills, Child care skills, Antenatal and Post
natal care; but has not spread with momentum in all parts of India. Malnourished adolescents
cannot deliver healthy babies. This coupled with women’s experience of discrimination and
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poverty will impact their status. We therefore need to take on the nutrition challenge and tackle
food insecurity in order to build a strong human capital.

INTRODUCTION

India has a high GDP for the past few years, but that does not erase the factthat under-nutrition
still prevails in alarming proportions. In 2009, the panel headed by economist Suresh Tendulkar
put 37.2 per cent of Indians below the poverty line, and stated that 41.8 per cent of people in
rural areas and 25.7 per cent of people in urban areas were below the poverty line.In the South
Asian region, India and Bangladesh continue to have high rates of malnutrition. The “World
Development Report 2012: Gender, Equality and Development” highlights issues on the
persistence of malnutrition in South Asia. Pregnant women in South Asia put on less weight
during pregnancy than they should: 5kgs on average compared to the worldwide average of close
to 10kgs. Too often, new mothers are still children themselves, a staggering 75 per cent of them
are anaemic, and some one-third of all babies in India are born with low birth-weights.

Though health is on state list, the effort on the part of the state government in spending the
budget allotted for NRHM is minimal (Dwaraknath 2012). Implementation of the NRHM has
resulted in an improvement in many development indicators for women. As per the India Human
Development Report, fertility rates have come down and have reached replacement levels in a
number of states; Maternal Mortality Ratio (MMR) has come down to 212 per 100,000 live
births in 2009 from 301 in 2003. Institutional deliveries have risen from 39 per cent in 2006 to
78 per cent in 2009.For addressing the problem of the health and nutrition among the adolescent
girls, Kishori Shakti Yojana was launched in 2000 as part of the Integrated Child Development
Services (ICDS). Later in the year 2002-03, it was reinforced with the Nutritional Programme for
Adolescent Girls.

Yet, studies reveal that girls in developed countries and low-income countries bear the
consequence of chronic food insecurity on their development and well-being. This is coupled
with the public health system’s poor responsiveness to community needs. Poor nutritional status
of women during the reproductive period is responsible for the under-nutrition of the children.
Discriminatory feeding practices further nutritionally impoverish girls vis-a-vis boys.Pregnancy
and childbirth related complications are the number-one killers of 15-19 year old girls
worldwide. UNICEF defines MMR as the death of a mother during pregnancy or after 42 days
after pregnancy due to various causes directly and indirectly relating to pregnancy and childbirth.
India has recorded a very high MMR of an average of 254/100,000 live births. It is painful to
note that close to 3 lakh girls under the age group of 15 years are not only married but have at
least one born child (lyer and Kuriakose 2012). More than 50 per cent of the married women
between the age group of 15 and 49 have anaemia caused by iron deficiency which has
contributed to 19 per cent maternal deaths.

According to NFHS-3, about 48 per cent of the children under 5 years were stunted, 43 per cent
were underweight, 24 per cent were under-nourished and 16 per cent were severely underweight.
Adolescents in developing countries are exposed to adverse environmental conditions including
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food insecurity. Nutritional anaemia is one of India's major public health problems. Anaemia,
especially in adolescent girls is an equally challenging problem. Early marriages of the girl
normally results in early pregnancy of adolescent girls leading to the birth of undernourished
children. About 16 per cent girls within the age group of 15-19 years had begun childbearing,
when the body is not prepared and strong for childbearing. This situation enhances the risk of
maternal deaths. Maternal Mortality Rate in 2004-05 was 254 in India which declined to 212
amid 2007-09 registering a fall of 17 per cent. However the target of 109 MMR under
Millennium Development Goal (MDG) is still quite far.The prevalence of anaemia ranges from
33 per cent to 89 per cent among pregnant women and is more than 60 per cent among
adolescent girls. Data from the NFHS-3 reveals that around 10 per cent of all pregnancies in
married adolescents aged 15-19 years result in a spontaneous abortion or still birth. Medical
complications of pregnancy, such as anaemia, spontaneous abortion and eclampsia are also
significantly higher among adolescent mothers (Bijli and Tewari 2010).

PURPOSE OF THE STUDY

It is well recognized that utilization of maternal health services and beliefs associated with food
intake during pregnancies have a very important role to play in the improvement of women’s
reproductive health. Sometimes, due to taboos and customs imposed by religious beliefs,
antenatal care is not sought.

The focus on women in health delivery programmes has mainly been with regard to reproduction
with an emphasis on the control of fertility. It is necessary therefore to orient studies towards
questions of beliefs that are influenced by culture and socio-economic status, which affect
women’s reproductive health and their use of health care services.

Beliefs and behaviour regarding food intake during pregnancy are partly the outcome of complex
cultural systems. This kind of a study will help correlate pregnancy outcomes with maternal
nutrition. Traditional practices, culture based perceptions and beliefs also influence women’s
decisions in seeking health care, besides ‘purdah’ practice.

Therefore, this kind of research will help identify underlying factors affecting women’s
nutritional status and health seeking behaviour. It further highlights the ‘invisible’ problems of
women to better articulate their needs and to utilize available health services more effectively.
The findings of this study can help develop an insight into existingprogrammes designed to
address women’s health needs, in the form of comprehensive reproductive health services and
the NRHM.

STUDY SETTING

A review of studies in Uttar Pradesh (Ghosh 2004; and Rao et al., 2001)reveals that it is also one
of the most backward states in terms of coverage of health services and women seeking health
care in rural areas. The study was therefore conducted in Uttar Pradesh. Aligarh district is
located in the fertile Ganga-Yamuna plains in the north-western part of Uttar Pradesh. More
population resides in rural areas as compared to urban areas. As per NFHS-3, key reproductive
health indicators of Aligarh district are very poor, as they have not crossed even 50 per cent of
the critical inputs. The locale for the study comprised of two villages, Naglagila and DohrraMafi,
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situated in Jawan Block, Aligarh district, where the key reproductive health indicators were poor,
based on district statistics and local information.

The study was carried out to draw a purposive sample of women who had at least one child or
were in a state of pregnancy. The reproductive age group ranged from 15-45 years; a sample of
100 women was drawn (50 from each village). The sample population was interviewed in their
homes, and was followed up by the researcher on separate occasions, especially for pregnant
women.

METHODS

The study was essentially qualitative in nature. Several depth interviews were conducted with all
the women, and with key informants at the village level, - 2 ‘Dais’, and 6 women who were
known in the village community, in order to explore lay perceptions and the practices related to
reproductive health care, food beliefs and pregnancy in the study setting. Based on these
interviews, the researcher decided to utilize predominantly ethnographic techniques to collect
data on food belief systems and health seeking behaviour, by interviewing the sample, as well as
by tapping information from ‘dais’, key informants and other experienced women of the
community. These interviews also helped the researcher to redefine her vocabulary of specific
local terms. Based on these interviews, a comprehensive ethnographic field guide was prepared.
This field guide was pre-tested and helped the interviewer how to phrase questions appropriately
and prepare herself for the range of possible answers. Most of the women and key informants
were interviewed more than once. This enabled the researcher to build a social relationship
between herself and the informant.

Focus Group Discussions (FGDs) were held as a form of Participatory Rural Appraisal (PRA)
technique. Here a group of eight local persons were gathered together (in the homes of key
informants or in a central meeting place). This technique helped the researcher to learn about
some aspects of the local culture, food habits and health practices. In total, about four FGDs
were held. Observation technique was employed by the researcher in studying the subjects and in
seeing phenomena. It helped in understanding living conditions, health and sanitation, food-
consumption patterns, signs of anaemia etc.

Limitations of the Study: Only 23 were pregnant, of the total sample, out of which 5 respondents
went away to their own (parental/ native) villages late in pregnancy for delivery, even though
they initially reported that they would not. Also, some of the interviewed women were unwilling
to respond during interview sessions or were away in the fields or too busy in household work.

RESULTS

Sample Characteristics

The socio-economic and demographic characteristics of women reveal that 70 per cent of them
did not work for paid income, 20 per cent were involved in skilled labour( handicraft-patti work,
tailoring), and 10 per cent were involved in agriculture-based activities. They spoke hindi/urdu
(local language). Majority (80 per cent) were illiterates, while 8 per cent had attended middle
school, and 4 per cent primary school. Remaining 8 per cent could read/write hindi/urdu. Most of
them came from nuclear families (54 per cent), while the rest belonged to joint/extended families
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(46 per cent). The monthly income of 70 per cent women was Rs.1800 to Rs.2500 per family.
The practice of purdah was followed by majority (95 per cent) of the women. Majorities (80 per
cent) were Muslims and Purdah was followed when women ventured into the community, and
with senior male members within the family.

Adolescence is a period in which growth spurt occurs. Under-nutrition during childhood period
largely contributes to a high prevalence of chronic energy deficiency in adult life. The recent
National Nutrition Monitoring Bureau surveys reveal that about 57 per cent of 10-13 year girls
and 30 per cent of 14-17 years girls were undernourished (Laxmaiah and Brahmam2009).
Studies reveal that an adolescent girl’s vulnerability is caused by her young age, lack of formal
education, her ignorance on matters related to sexuality and reproductive health and her inability
or discouragement in the family to use family planning and health services. Precisely at a time
when she is soon going to be subjected to the demands of child bearing, the health of the girl
deteriorates. According to the NFHS-3, the prevalence of early marriage is 44.5 per cent in India
overall (52.5 per cent in rural areas). Adolescents account for a high proportion of maternal
deaths in India.

TABLE 1: AGE PROFILE OF WOMEN

Age categories of Women Age group Per centage

(years) ( per cent)
Currently pregnant 15-17 11

17-19

19-21

21- 23 2
Remaining sample with at least one 15- 20 10
child/more than one child 20- 25 10

25- 30 25

30- 35 6

35-40 20

40- 45 4

45- 50 2
Total no. of women 100

Majority of the women who were pregnant at the time of study fell below the age of 23 years and
most of them belonged to the age group 15-17 years, 10 per cent of the women who had atleast
one child / more than one child fell in the age group 15-20 years. Except for two women,
majority stated that they gave birth to their first child between the age group of 15-18 years.
They said that they got married within a year or two after menarche i.e. 13-14 years and
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delivered their first child within a year of marriage. There was pressure from In-laws in most
cases, to start a family.The risk of maternal death is about three times higher in girls aged 15-19
years and five times higher in those younger than 15 years as compared to women in their 20s
(Mehra et al, 2004). The babies of adolescent mothers are more likely to have low weight, run a
higher risk of being premature and have a higher perinatal mortality. Controlled studies in
several sites show that adolescent mothers have a higher incidence of prematurity, complicated
labour, low birth weight, and low milk secretion (Delisle et al, 2000); infants of mothers aged
younger than 18 years have a 60 per cent greater chance of dying in the first year of life than
those of mothers aged 19 years or more (UNICEF 2007).

FOOD HABITS FOLLOWED DURING PREGNANCY

The researcher made direct observations and found that women appeared physically weak and
malnourished through visible signs of pallor and anaemia. Most of the families lived in one room
houses, mostly kutcha (with mud flooring). Only 30 per cent of the families lived in pucca
houses and some with two rooms. There was no concept of closed drains or a specified garbage
dump. There were open potholes and drains everywhere, harbouring flies and mosquitoes.

(i) Components of Household Diet:

The respondents were questioned about the types of foods that comprised the normal household
diet. The most commonly cited response was “Jo bhi mil jaaye” (Whatever is available). The
regular and occasional components of diet included ‘dal, subzi, roti, gosht and murg’ (Figure 1).

Components of typical
household diet

Regular Occasional Very Occasional

Roti (bread) Anda (egg)
Dal (pulses) Gosht (mutton-beef)

Bakre ka gosht (meat of
lamb)

Murg (chicken)

Subzi (vegetables) Chawal (rice)

Subzi (vegetables)

FIGURE 1: COMPONENTS OF TYPICAL HOUSEHOLD DIET

It is evident that the patterns of food intake in the form of- regular, occasional, and very
occasional- clearly linked to economic status. But in all the three patterns, roti was always
included. Subzi was recorded in both regular and occasional components, again linking its
consumption to family income. Rice was typically cooked for only one or two meals in a week or
sometimes only 2-3 times in a month. Eggs, chicken and meat of lamb were rarely consumed and
so were fruits. Among beverages, tea was consumed with milk commonly. Women used gur
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(Jaggery) during winter season in tea, the most commonly used beverage, while in summers,
sugar was used.

(li))Food Consumption and Associated Beliefs in Pregnancy:
Most of the women (52 per cent) said that they did not consume special foods during pregnancy.
But many women had beliefs about what food item was preferred, allowed or disallowed during
pregnancy. When women were asked as to what was not allowed during pregnancy, it generated
responses on prescriptions and proscriptions (avoidances) of food during pregnancy.
The Anganwadi Worker (AWW) and health workers also informed pregnant women in the
villages about extra dietary intake when they visited them, mostly due to scientific reasons. But
for most women, (even those who had food beliefs in pregnancy), economic constraints made the
consumption of these foods an unlikely option.

Following were some responses of women who did not consume special foods in pregnancy

“Koi khasnahin” (Nothing special).
“Kahanmiltahai, khanamushkilpadtahai” (Where do we get food, it’s difficult to even get
something to eat for subsistence).

“Hum ye sab nahinmaante” (We do not believe in all these).
“Itnakahanhotahaikiapneliyealagaurgharwalonkeliyealagbanaye” (Where can we
afford so much in order to be able to prepare separate food for ourselves and separate for
rest ofthe family members).

“I have no knowledge about extra diet that is to be consumed during the time of pregnancy.”

About 48 per cent of women indicated that they had preferences for specific foods during
pregnancy. Table 2 depicts specific food items that were consumed apart from normal diet.
Fruits, milk and ghee were essential items of dietary intake for all those women who had or were
having specific foods in pregnancy, whereas halwa (sweet) was consumed by only 10 per cent
and sevaiyan (vermicelli) by 5 per cent. All the above food items were consumed during all the
three stages of pregnancy. Ghee, halwa and sevaiyan, besides fruits and milk are believed to
provide extra strength to the mother and nutrition for the growing foetus, besides normal food, as
stated by these women. According to most women, “Ghee khane se lallahoga” (If ghee is
consumed, a son will be born). This is clearly indicative of women’s preferences for sons.But
again due to economic constraints, for most women, (even those who had food beliefs in
pregnancy) consumption of these foods became an unlikely option.

TABLE 2: MEANING OF SPECIAL FOOD ITEMS CONSUMED IN

PREGNANCY
Local Term English Equivalent
Ghee Fat
Doodh Milk
Bajra Bajra (Millet)
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Mevey Dry Fruits

Badam Almond

Gola Dry Coconut

Chuara Dry Dates

Gond Vegetable Gum
BhuneAloo Fried Potatoes

Seb Apple

Phal Fruits

AateKaHalwa Sweet made in flour and oil
SoojiKaHalwa Sweet made in Semolina and Oil
Sevaiyan Vermicelli

The survey indicates that almost half of the total women surveyed eat less than normal diet.
According to local dais (TBASs) and the ANM, many women ate more than normal diet during
the second trimester, as they often felt nauseous during first and third trimesters. About food
proscriptions (avoidances) during pregnancy, a variety of reasons were stated, but only by 15 per
cent of women. “Curds” was to be avoided as it was considered “thanda”(cold), and
“khatta”(sour),. Similarly, non-vegetarian foods such as meats and eggs were to be avoided as
these could create “heat” in the body, could cause “miscarriage” (pregnancy breaks down) or
“foetus could get spoiled”. Similarly the use of gur (jaggery) was avoided in pregnancy.
Generally, it was considered that heat generating foods are to be avoided such as non-vegetarian
foods, foods containing excess oil, chilles or spices. Factors affecting proscriptions of food
during pregnancy are depicted in Figure 2

Figure 2: Factors Affecting Proscriptions (Avoidances) of Food during Pregnancy

Cannot digest

Mother-in-
law does not
allow ; eats
Eat less in what mother-

pregnancy in-law gives
(reasons
and beliefs)

Cannot afford g

If size of baby
increases,
there will be
problems in
childbirth

Does not feel
like eating,
feels sick and
nauseous
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Quantity of Food Consumed during Pregnancy

A 24 hour-diet recall method was used during the course of interview by the researcher on all the
23 respondents who were pregnant. The concern of the researcher was to record the
micronutrient intakes, as estimating quantities consumed of food items known to provide
substantial calories such as staple cereal (here wheat), oil, meat etc. for the purpose of the study.
For every family, it was found that the per capita energy consumption was in the range of 1200 —
1400 kcal/ day/ adult in the family. This suggests that women eat even less than their normal
food intake, (a 24 hour dietary recall done on 10 non-pregnant women was amounting to 1500 —
1600 kcal/ day/ adult). This dietary intake was compared to the recommended dietary intake of
ICMR for pregnant women (1900 kcal + additional 350 kcal= 2250 kcal). The results thus show
a wide calorie gap between actual intake and recommended levels. The actual calorie
consumption contradicted the food beliefs which exist for special food items consumed during
pregnancy. The per capita energy consumption within the household was also low.

The beliefs that women had for not consuming extra food items/ supplementary foods, were that
if more intake of food is done, it will make the foetus fat, and in turn there will be problems for
the baby to come out at the time of delivery. Other women in the family, especially the mother-
in-law, also supported this view. Very few women stated that if they did not eat extra dietary
supplements during pregnancy because if they ate much they could not digest, felt sick andoften
could not afford them. If economic constraints are not considered, then there was apparent
consistency between beliefs and stated behaviour with respect to food consumption.

It is thus understood that food beliefs relating to consumption of milk and milk products, oil, and
ghee were more widespread, and avoidance of such foods has the potential of creating
significantly nutritional deficits.

HEALTH-SEEKING BEHAVIOUR OF WOMEN

(I)Dependence on Traditional Birth Attendants or ‘Bhangans’:

Women preferred indigenous, local persons (Bhangans/Dais) to conduct delivery at homes. The
words Bhangan or Jamadar were used alternately by women, and meant the same, i.e. garbage
collector. ‘Dai’ is the name given to a local woman who is a traditional birth attendant (TBA),
and is considered a specialist in deliveries by the communitys. Out of the sample, 82 per cent
women consulted dais or bhangans for deliveries. Bhangans were more preferred over dais as
they charged less. Only 4 per cent women stated that their family members had called the doctor
to conduct the delivery at home.

“Hum ne dai ko bulaya aur hamar isas ne hamar imadad &i”. (I called the ‘dai’ home and my
Mother-in-law helped me) - Tahira, 30 years, mother of 03 children, Dohrra Mafi.

“We had summoned a dai who resides in our village. Two of my children were born with the
help of Jamadar and two through the dai. All my children were born at home”- Shabnam, 45
years, mother of 07 children, Nagla qgila.

The decision to call the person concerned for delivery was taken by the women themselves or in
consultation with the mother-in-law or other women in the community. Economic constraints
were cited as a major reason for this.
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(I1)Health-Seeking Behaviour and Accessibility of Women to Health Facilities:

In this study it was found that while for antenatal and post-natal services, accessibility was a
strong factor in women receiving care, availability of these services, and awareness of these
services was also a key factor. It was found that an AW (Anganwadi) existed each in Nagla gila
and Dohrra Mafi. After visiting these two AWSs, it was found that both were functioning, as both,
AWW (Anganwadi Worker) and helper, were present at the time of visit. But women did not
access them at all, as according to them they were not satisfied with the services there. There was
one PHC (Primary Health Centre) which is located about 08 kms away from Naglagila. Very few
women visited it. The women revealed that the ANM from the nearby PHC came once a week or
sometimes once in two weeks/ month and administered Tetanus vaccination on expectant
mothers and their children, folic acid and iron tablets and assisted doctors from Jawaharlal Nehru
Medical College (JNMC), Aligarh Muslim University, to carry out pulse polio campaigns in
these areas.

All of the women were aware of an Aanganwadi in their village, but they never visited it.
According to them the Anganwadis were non-functional. The women of Dohrra visited ‘Jhola
Chap’ doctors (unregistered local medical practitioners) in their area. There were 5 such doctors
in their area. Women of Naglagila too visited private doctors in their area or called the Dai. The
dai was contacted by 86 per cent of the women for antenatal check-ups at home. For common
ailments, the women consulted them. But 80 per cent of women did not consulted anybody most
of the times, and expressed that they suffered with health problems such as white discharge,
anaemia, gynaecological complications, abortions, miscarriages, fever, cold, and several other
ailments, silently, without seeking health care, until and unless it reached a state of severity.
Sometimes the ANM was called for consulting purposes; 95 per cent of the women expressed the
need to have a gynaecologist (‘lady doctor’) to visit their village, as their families did not allow
them to visit male doctors due to purdah. Even if a lady doctor was to be posted in the village,
many women stated that they needed to first seek permission for visiting them from their
husbands. When asked about knowledge of iron and folic acids tablets given by the ANM, 30 per
cent of the women said that they knew about such tablets, 23.3 per cent said that they had taken
these tablets during pregnancy, while 23.3 per cent again said that these medicines were given to
them by the ANM and primary health worker. Sometimes women from both the villages visited
JNMC, when their conditions got severe, as it was easily accessible for them.

CONCLUSIONS AND SUGGESTIONS

Perceptions of food and beliefs mostly related to local concepts of physiology of the female body
and the process of childbirth. Beliefs were there and those who could follow these beliefs
followed them. While not genetic, malnutrition is inter-generational, meaning that it takes a few
generations for the once malnourished girl to become the grandmother of a well-nourished child.
It is therefore suggested that knowledge of these beliefs, through interactions with community
women, should be acquired by doctors, ASHAs, AWWSs, and other visiting health care personnel
as it has implications on appropriate health interventions. It is also important to understand the
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strength of these beliefs as weighed by women, as these are vital for programmes which will be
designed in seeking behaviour change among women.

Favourable beliefs need to be fostered and encouraged; this is because food intake during
pregnancy affects weight gain, pre-pregnant weight of the mother, which is some of the most
important factors influencing birth weight of the baby. Food beliefs therefore affect Maternal
Mortality, which happens to be a major development indicator.

Malnourished adolescents cannot deliver healthy babies. This coupled with women’s experience
of discrimination and poverty will impact their status. We therefore need to take on the nutrition
challenge and tackle food insecurity in order to build a strong human capital. We need to provide
a comprehensive package of subsidized food-grains and nutrition cum health services to reach
the real beneficiaries and adolescents. The recently launched “Sabla” Scheme by Ministry of
Women and Child Development is a welcome step towards this with a package of health and
nutrition services such as health check-ups with referrals, Guidance on Adolescents’
Reproductive and Sexual Health, Nutrition, Life skills, Child care skills, Antenatal and Post natal
care; but has not spread with momentum in all parts of India.

TBAs or Dais were contacted for delivery and other RH ailments. Therefore enhanced training
of these TBAs and other lower level health workers has to be promoted by medical officers from
district hospital, and JNMC; this does not require much time and effort. The medical officers of
JNMC could play an instrumental role in informing the ANM, about the serious problems
associated with abortions, unsafe delivery, unhygienic delivery conditions, and inadequate
antenatal check-ups, and the ANMs in turn will have to inform and mobilize the women towards
seeking proper health check-ups for the same.

Familiarity with a place where a trained health provider is available 24 hours a day, awareness of
signs of impending danger, promotion of clean and hygienic delivery practices, information on
sources of care, timeliness of seeking care and improved nutritional status through micro-nutrient
supplementation (Sloan 1998) will be positive outcomes of the above mentioned contact of
women to health care services and these should be encouraged.

Awareness campaigns by local NGOs, academicians, students/researchers of development
studies, social work, community medicine and home science, can be organized to
empower/equip women and families with more information on hazards associated with
malnutrition, early marriages resulting in childbearing,STDs and RTIs, unsafe abortions, dangers
of non-immunization practices etc. At other times advocacy and counseling could be practiced
through field visits. Knowledge sharing through partnerships and implementation of practices
would go a long way in reducing maternal and infant mortality. Take the example of Dr.
MahtabBamji, a development practitioner, working towards improving the health and nutritional
wellbeing of the poor in Andhra Pradesh. She found that while over 90 per cent of the families
had village-level food security for rice, and 80 per cent for millets, over 50 per cent of the
households got their pulses and vegetables from outside their village. Dr. Bamji wanted to know
how farmers could be motivated to grow more pulses and vegetables for local consumption. She
wanted a wide range of perspectives so that she could design an implementable programme.
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Solutions Exchange for the Food and Nutrition Security Community (FNS)came to her
immediate assistance within a fortnight. This is a knowledge management programme created by
the UN Country Team (UNCT) in India to provide a neutral forum to the practitioners in India to
share development experiences for mutual benefit. It is a query based moderated mail-group
network (www.solutionexchange.net.in).woven around broad MDG themes, which picks up
discussion topics from practitioners (UNews 2011).

Recent initiatives by the Government of India like the Food Security Bill, the Right to Health
Bill, the National Rural health Mission, Sabla for adolescent girls, the revamped ICDS Scheme,
and the policy on Early Childhood Care and Development may have significant implications for
the survival, development and health of the girl child.

Adolescence is a largely neglected area of research, and few interventions exist to address the
special needs of adolescents. Moreover, on the basis of social and demographic trends in India,
the battle at the earlier end of the spectrum has to be focused on the pattern of early marriage,
whereby society sanctions adolescent sexual activity and adolescent pregnancies that are malefic
to mother and child. Sex education for the young, or otherwise ignorant, if pursued in the
increasingly fashionable mould of being ‘non-judgemental’ and ‘value-neutral’ could provide a
one way road to irretrievable disaster (Bijli and Tewari2010).

Literate and more empowered mothers have better nourished children. Recent analyses in
Bangladesh reaffirm evidence that when women are involved in household decisions and have
control over earnings, their children are better nourished. In general, efforts to improve gender
equality will be critical to reducing South-Asia’s disadvantage in nutrition. For a healthy and
well nourished population, we need to improve access to nutritious and diverse foods, pre-natal
services, female education, knowledge and support for appropriate child-care (such as exclusive
breast-feeding for the first six months). It is possible. Take Mexico for example. The country
took a targeted approach to address malnutrition and achieved remarkable results such as marked
reduction in infant mortality, increase in children’s height, higher enrolment rates in secondary
and high school, reduction in drop-out rates etc (Kocchar 2011).

Food security can be achieved in a better and faster way, if a decentralized approach in the
implementation of programme is adopted. Elected local bodies, together with the concerned
Departments of Government (health, education, women and child welfare, rural and tribal
development, etc.) should prepare micro level action plans.
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Hunger and food security are emotive issues, but hard to capture with the single "killer" statistic
often favoured by high-profile campaigns. The UN, which has long produced estimates of global
hunger, has reworked its figures and is backing away from single statistics. In October, the Food
and Agriculture Organization (FAO) released a suite of more than 20 indicators, available for
most countries, which it said could offer a more rounded picture of the causes and consequences
of food insecurity. How much food is available? What are people eating? How much do poor
people spend on food compared with other items? How are children affected by food insecurity?
These are some of the issues covered. The FAO plans to run a global poll to monitor food
insecurity based on peoples’ experiences, to better understand the challenges communities face in
accessing food. We've pulled out some of the key figures, and you can download the full set
below. What can you do with the data? Which indicators do you think are the most revealing?

Global Hunger: The Big Picture:
According to the UN's new hunger figures, the Millennium Development Goal (MDG) to halve
the prevalence of hunger by 2015 is within reach. The new estimates, which draw on updated
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data and a revised methodology, suggest the per centage of hungry people in developing
countries has fallen from more than 23 per cent in 1990-92 to less than 15 per cent in 2010-12, or
around 850 million people. There are important caveats, however. Progress since 2007 appears
significantly slower, and there are stark variations between regions. And there would still be hundreds of
millions of hungry people in the world even if the MDG target is met.

Food Prices:

The UN hunger indicator's inability to capture the impact of short-term price spikes and other
economic shocks (unless they fundamentally change long-term consumption patterns) is seen by
some as a key shortcoming. A local food price index, which estimates affordability and an
indicator tracking volatility in domestic prices is seen as a key measure of future food insecurity,
are among the statistics released last year. A further indicator looks at how much the poorest 20
per cent of households are spending on food compared with other items. When prices go up,
people will often sacrifice other household spending rather than go without food. Using data
from household expenditure surveys, this indicator aims to capture the economic consequences
of rising food prices.

How Are Peoples Affected By Food Insecurity?

A key criticism of the UN hunger indicator is that it sets the threshold too low, using the
minimum calories needed for a "sedentary lifestyle”. The number of hungry people today could
be as high as 1.5 billion (or more than 25 per cent of the world's total), if the threshold was
instead set

Prevalence of undernourishment in developing countries (% of population)
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as the minimum needed for "normal activity”, or nearly 2.6 billion (nearly 45 per cent) for
"intense activity". The per centage of children under five who are stunted, underweight, or
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affected by wasting (measured as low weight for height) are other key indicators of how food
insecurity affects long-term human development. The UN's proposed suite of food security
indicators also tracks these impacts, along with the percentage of adults who are underweight.

The Double Burden of Undernutrition and Obesity:

As incomes rise, diets are becoming more diverse around the world. This has given rise to a
"double burden” in some developing countries, where undernourishment co-exists alongside
rising levels of obesity. Globally, obesity has more than doubled since 1980, with the number of
overweight adults now estimated at 1.4 billion. "The world is increasingly faced with a double
burden of malnutrition, whereby undernutrition, especially among children, co-exists with
overweight and diet-related chronic diseases and micronutrient malnutrition, according to
UN's 2012 State of Food Insecurity in the World report. Being overweight is not necessarily a
matter of eating too much food, but eating food that is not nutritious, and poor consumers may
have less education and access to information about nutrition. Another part of the explanation
may be the rapidly growing supply of previously unavailable products (eg some processed foods,
soft drinks and snacks) in the modern retail chains of many developing countries. In many cases,
such products replace traditional foods, including street foods in urban areas.

The issue of food losses is of high importance in the efforts to combat hunger, raise income and
improve food security in the world’s poorest countries. Food losses have an impact on food
security for poor people, on food quality and safety, on economic development and on the
environment. The exact causes of food losses vary throughout the world and are very much
dependent on the specific conditions and local situation in a given country. In broad terms, food
losses will be influenced by crop production choices and patterns, internal infrastructure and
capacity, marketing chains and channels for distribution, and consumer purchasing and food use
practices. Irrespective of the level of economic development and maturity of systems in a
country, food losses should be kept to a minimum.

Food losses represent a waste of resources used in production such as land, water, energy and
inputs. Producing food that will not be consumed leads to unnecessary CO, emissions in addition
to loss of economic value of the food produced.

Economically avoidable food losses have a direct and negative impact on the income of both
farmers and consumers. Given that many smallholders live on the margins of food insecurity, a
reduction in food losses could have an immediate and significant impact on their livelihoods. For
poor consumers (food insecure or at-risk households), the priority is clearly to have access to
food products that are nutritious, safe and affordable. It is important to note that food insecurity
is often more a question of access (purchasing power and prices of food) than a supply problem.
Improving the efficiency of the food supply chain could help to bring down the cost of food to
the consumer and thus increase access. Given the magnitude of food losses, making profitable
investments in reducing losses could be one way of reducing the cost of food. But that would, of
course, require that financial gains from reduced losses are not outweighed by their costs. How
much food is lost and wasted in the world today and how can we prevent food losses? Those are
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questions impossible to give precise answers to, and there is not much ongoing research in the
area. This is quite surprising as forecasts suggest that food production must increase significantly
to meet future global demand. Insufficient attention appears to be paid to current global food
supply chain losses, which are probably substantial.

For the international congress Save Food!

at Interpack2011, FAO hired the services of the Swedish Institute for Food and Biotechnology
(SIK) to carry out two studies on the extent and effects, as well as causes and prevention of food
losses and food waste, one for high/medium-income countries, and one for low-income
countries. The two studies highlighted the food losses occurring along food chains, and made
assessments of the magnitude of these losses, focusing on quantitative weight losses. They
compile, analyze and assemble data and reports produced on the topic of global food loss and
waste during recent years. Where information was not available, assessments and assumptions
have been made. Results of the two studies are combined in this paper.

What is food loss/waste all about?

Enormous quantities of food are thrown away every day. In developed countries, at retail level,
large quantities of food are wasted due to quality standards that over-emphasize appearance.
Consumers in rich countries are generally encouraged to buy more food than they need and fail
to plan their food purchases properly. In developing countries the problem is essentially due to
inadequate harvest techniques, poor post-harvest management, lack of suitable infrastructure,
processing and packaging, lack of marketing information. We must know that food waste or
losses have an impact on climate change, because we use resources (water, fertilizers, pesticides,
seeds, energy, and labour) to produce this food that we will not use. It has an impact on the
production of greenhouse gas emissions and consequently on climate change. In developing
countries, food losses during harvest and storage reduce the income of small farmers and result
in a higher price for poor consumers who can’t afford to pay for the food. Reducing food losses
can therefore have an impact on improving the livelihoods and food security of small farmers
and poor consumers,

Food losses refer to the decrease in edible food mass throughout the part of the supply chain that
specifically leads to edible food for human consumption. Food losses take place at production,
postharvest and processing stages in the food supply chain (Parfitt et al., 2010). Food losses
occurring at the end of the food chain (retail and final consumption) are rather called “food
waste”, which relates to retailers’ and consumers’ behavior. (Parfitt et al., 2010).

“Food” waste or loss is measured only for products that are directed to human consumption,
excluding feed and parts of products which are not edible. Per definition, food losses or waste are
the masses of food lost or wasted in the part of food chains leading to “edible products going to
human consumption”. Therefore food that was originally meant to human consumption but
which fortuity gets out the human food chain is considered as food loss or waste even if it is then
directed to a non-food use (feed, bioenergy...). This approach distinguishes “planned” non-food
uses to “unplanned” non-food uses, which are hereby accounted under losses.
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Technically speaking, food loss and waste refer to the decrease in mass (quantitative) or
nutritional value (qualitative) of food - edible parts - throughout the supply chain that was
intended for human consumption. Food that was originally meant for human consumption but for
various reasons is removed from the human food chain is considered as food loss or waste, even
if it is then directed to a non-food use (feed, bio-energy).

Food Loss refers to food that gets spilled, spoilt or otherwise lost, or incurs reduction of quality
and value during its process in the food supply chain before it reaches its final product stage.
Food loss typically takes place at production, post-harvest, processing and distribution stages in
the food supply chain.

Food waste refers to food that completes the food supply chain up to a final product, of good
quality and fit for consumption, but still doesn't get consumed because it is discarded, whether or
not after it is left to spoil. Food waste typically (but not xclusively) takes place at retail and
consumption stages in the food supply chain

Types of Food Losses/Waste

Five system boundaries were distinguished in the food supply chains (FSC) of vegetable and
animal commodities. Food loss/ waste were estimated for each of these segments of the FSC.
The following aspects were considered:

Vegetable Commodities and Products:

» Agricultural production: losses due to mechanical damage and/or spillage during harvest
operation (e.g. threshing or fruit picking), crops sorted out post harvest, etc.

» Postharvest handling and storage: including losses due to spillage and degradation
during handling, storage and transportation between farm and distribution.

» Processing: including losses due to spillage and degradation during industrial or
domestic processing, e.g. juice production, canning and bread baking. Losses may occur
when crops are sorted out if not suitable to process or during washing, peeling, slicing
and boiling or during process interruptions and accidental spillage.

» Distribution: including losses and waste in the market system, at e.g. wholesale markets,
supermarkets, retailers and wet markets.

» Consumption: including losses and waste during consumption at the household level.

Animal Commaodities and Products:

» Agricultural production: for bovine, pork and poultry meat, losses refer to animal death
during breeding. For fish, losses refer to discards during fishing. For milk, losses refer to
decreased milk production due to dairy cow sickness (mastitis).

» Postharvest handling and storage: for bovine, pork and poultry meat, losses refer to
death during transport to slaughter and condemnation at slaughterhouse. For fish, losses
refer to spillage and degradation during icing, packaging, storage and transportation after
landing. For milk, losses refer to spillage and degradation during transportation between
farm and distribution.

» Processing: for bovine, pork and poultry meat, losses refer to trimming spillage during
slaughtering and additional industrial processing, e.g. sausage production. For fish, losses
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refer to industrial processing such as canning or smoking. For milk, losses refer to
spillage during industrial milk treatment (e.g. pasteurization) and milk processing to, e.g.,
cheese and yoghurt.

» Distribution: includes losses and waste in the market system, at e.g. wholesale markets,
supermarkets, retailers and wet markets.

» Consumption: includes losses and waste at the household level.

What are the Solutions?

In a world of 7 billion people, set to grow to 9 billion by 2050, wasting food makes no sense —
economically, environmentally and ethically. Together, we can reverse this unacceptable trend
and improve lives. In industrialized regions, almost half of the total food squandered, around
300m tonnes annually, occur because producers, retailers and consumers discard food that is still
fit for consumption. This is more than the total net food production of sub-Saharan Africa, and
would be sufficient to feed the estimated 870 million people hungry in the world. A recent study
has revealed that about one third of all food production world-wide gets lost or wasted in the
food production and consumption systems. Almost half of this quantity is the result of retailers
and consumers in industrialized regions who discard food that is fit for consumption. The total
quantity wasted is about 300 million tonnes, which is more than the total net food production
of Sub-Saharan Africa. It would be sufficient to feed the estimated 900 million people hungry
in the world. (FAO).

Small but simple actions by consumers and food retailers could dramatically cut the 1.3 bn
tonnes of food lost or wasted across the world each year, according to an unprecedented global
campaign launched. Requesting smaller portions at restaurants, freezing leftovers and donating
to food banks can help make a difference, while retailers and supermarkets should be carrying
out audits and working more closely with their suppliers to reduce waste. Because marketing and
consumer practices contribute to food waste in rich countries, some nations are making it more
of a priority to reduce waste at the consumer level. Some major U.K. supermarkets, including
Morrison’s, are trying to cut waste by changing their practices. “We don’t currently offer buy-
one-get-one-free offers on our fruit and vegetables, have relaxed our specifications on this
produce to accept more ‘wonky’ crops and offer clear labeling for customers,” according to
Morrisons spokesperson.

New Technologies to Avoid Losses

FAO, the Food and Agriculture Organization of the United Nations, has a mandate to raise levels
of nutrition, improve agricultural productivity, better the lives of rural populations and contribute
to the growth of the world economy. According to a recent report produced by FAO in joint
collaboration with the World Bank “Missing Food: The Case of Post Harvest Grain Losses in
Sub Saharan Africa ”, investing in post-harvest technologies may reduce food losses and
increase the food supply in sub-Saharan Africa where food losses are estimated to be USD 4
billion per year, which would allow us to feed 48 million people. It might have a positive impact
on Millennium Development Goal-1, to eradicate extreme poverty and hunger. It consists of 3
targets:
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> Halve, between 1990 and 2015, the proportion of people whose income is less than $1 a
day
» Achieve full and productive employment and decent work for all, including women and
young people

» Halve, between 1990 and 2015, the proportion of people who suffer from hunger
To avoid food losses, a variety of practices and technologies are available such as storage
containers, hermetically sealed bags, metallic silos. In Africa we can introduce technologies
which have been successfully tested in Asia and might be adapted to Africa’s conditions.
Governments can also help in avoiding food losses, by investing in infrastructure like roads to
facilitate the commercialization of food, electricity and water to process food. It is also important
to invest in research and extension, to identify where along the food chain food losses are
happening and how to tackle them. Ask a young person what they wish for their future, and very
few will mention agriculture.
Whether as a farmer, researcher or extension officer, the production of food tends to be a last
resort, not the positive choice of an ambitious young man or woman. This of course raises a
fundamental question: who will grow the crops to feed the world? One of our approaches should
be to mobilize young agricultural professionals, through social media, which they will enthuse
their brethren and sisters. And maybe, just maybe, we will then turn agriculture a "young™
rather than an "aging"* profession.
We are now 7 billion people in the world. To feed a world population that is estimated to reach 9
billion people by 2050 and assure their food security, we will have to increase food production
and productivity, and we will have at the same time to reduce food losses and waste. Developing
countries should strengthen food supply chains, by diversifying and up-scaling the production
and marketing of small farmers, to assist them in being directly linked to the buyers. Private and
public sectors could invest more in infrastructure, transportation, packaging, processing.
In developed countries we know that consumers are willing to buy products that do not meet
appearance standards as long as they are safe and good. Education in schools and political
initiatives are possible starting points to change consumer attitudes because throwing food away
is unacceptable.
“We would also recommend having selling farms next to the consumers, with direct selling
through “farms shops”. It is also important to raise awareness among food industries, retailers
and consumers on how to better use food that it is now thrown away. For the food which is still
good in terms of safety and nutritional value, in place of throwing away at the supermarket level,
we would suggest that commercial and charitable organizations collect it at the retailers, and
selling it in social shops or giving it to poor people.
Nearly a billion people worldwide are starving, yet at least 1.3 billion tons of food is wasted
annually. According to a recent report by the Institution of Mechanical Engineers, 30 to 50 per
cent of the food produced globally is wasted every year. Both developing and industrialized
countries waste food, but for different reasons. While developing countries lose a lot of food
because of poor infrastructure and lack of proper storage facilities, consumers in wealthy
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countries waste food because they tend to buy too much food, are picky about the appearance of
food, or don’t understand expiration dates. Irregularly shaped produce accounts for a lot of food
waste in industrialized countries. The Institution of Mechanical Engineers report notes that 30
per cent of vegetables in the United Kingdom aren’t harvested because they are aesthetically
flawed. While the produce is perfectly edible, it is less marketable unless manufacturers can
make it look more acceptable. For example, a 2012 Natural Resources Defense Council
(NRDC) report mentions that some carrot farmers cut down waste by making ugly carrots into
baby carrots. The NRDC report also highlights how wasted food means wasted resources. In the
United States—where 40 per cent of all food is wasted—10 per cent of the country’s total
energy, 50 per cent of land, and 80 per cent of the freshwater go into food production.

In a world of 7 billion people, set to grow to 9 billion by 2050, wasting food makes no sense —
economically, environmentally and ethically. Together, we can reverse this unacceptable trend
and improve lives. In industrialized regions, almost half of the total food squandered, around
300m tonnes annually, occur because producers, retailers and consumers discard food that is still
fit for consumption. This is more than the total net food production of sub-Saharan Africa, and
would be sufficient to feed the estimated 870 million people hungry in the world.

According to the FAO, 95 per cent of food waste in developing countries are unintentional losses
at early stages of the food supply chain, caused by financial, managerial and technical limitations
in harvesting techniques; storage and cooling facilities in difficult climatic conditions;
infrastructure; packaging and marketing systems. But in the developed world, the end of the
chain is far more significant. At the food manufacturing and retail level, large quantities of food
are wasted because of inefficient practices, quality standards that over-emphasize appearance,
confusion over date labels and consumers being quick to throw away edible food due to over-
buying, inappropriate storage and preparing meals that are too large. Per capita waste by
consumers is between 95 kg and 115 kg a year in Europe and North America/Oceania, while
consumers in sub-Saharan Africa, south and south-eastern Asia each throw away 6kg to 11kg a
year.

KEY FINDINGS

» Roughly one third of the food produced in the world for human consumption every year -
approximately 1.3 billion tonnes - gets lost or wasted.

» Food losses and waste amounts to roughly US$ 680 billion in industrialized countries and
US$ 310 billion in developing countries.

» Industrialized and developing countries dissipate roughly the same quantities of food -
respectively 670 and 630 million tonnes.

> Fruits and vegetables, plus roots and tubers have the highest wastage rates of any food.

»  Global quantitative food waste per year are roughly 30 per cent for cereals, 40-50 per cent for
root crops, fruits and vegetables, 20 per cent for oil seeds, meat and dairy plus 30 per cent for
fish.

» Every year, consumers in rich countries waste almost as much food (222 million tonnes) as
the entire net food production of sub-Saharan Africa (230 million tonnes).
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The amount of food wasted every year is equivalent to more than half of the world's annual
cereals crop (2.3 billion tonnes in 2009/2010).

Per capita waste by consumers is between 95-115 kg a year in Europe and North America,
while consumers in sub-Saharan Africa, South and Southeastern Asia, each throw away only
6-11 kg a year.

Total per capita food production for human consumption is about 900 kg a year in rich
countries, almost twice the 460 kg a year produced in the poorest regions.

In developing countries 40 per cent of losses occur at post-harvest and processing levels
while in industrialized countries more than 40 per cent of losses happen at retail and
consumer levels.

At retail level, large quantities of food are wasted due to quality standards that over-
emphasize appearance.

Food loss and waste also amount to a major squandering of resources, including water, land,
energy, labor and capital and needlessly produce greenhouse gas emissions, contributing to
global warming and climate change.

Even if just one-fourth of the food currently lost or wasted globally could be saved, it would
be enough to feed 870 million hungry people in the world.

In developing countries food waste occur mainly at early stages of the food value chain and
can be traced back to financial, managerial and technical constraints in harvesting techniques
as well as storage and cooling facilities. Strengthening the supply chain through the direct
support of farmers and investments in infrastructure, transportation, as well as in an
expansion of the food and packaging industry could help to reduce the amount of food loss
and waste.

In medium and high-income countries, food is wasted and lost mainly at later stages in the
supply chain. Differing from the situation in developing countries, the behavior of consumers
plays a huge part in industrialized countries. The study identified a lack of coordination
between actors in the supply chain as a contributing factor. Farmer-buyer agreements can be
helpful to increase the level of coordination. Additionally, raising awareness among
industries, retailers and consumers as well as finding beneficial use for food that is presently
thrown away are useful measures to decrease the amount of losses and waste.
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ABSTRACT

The water-energy nexus has been coming into focus over the last couple of years. The idea is that
water and energy are inextricably linked: it takes water to make energy and energy to clean and
move water. In the last year or so, a third critical human resource has been added to the mix:
food. Theoretically, we can better and more sustainably manage each of these resources if we
understand their impact on each other. The water, energy and food security nexus will be one of
the major challenges in achieving universal access to these resources without compromising the
health and stability of the environment.

The Water, Energy and Food Security Nexus refers to the interlinked risks of water security, food
security and energy security. With the current combined challenges of degraded ecosystems, a
rapidly increasing demand for resources, climate change, growing urbanization and
globalization, there is a threat that social-ecological systems at all levels will be driven across
critical thresholds. The nexus of water, energy and food security has attracted more and more
attention from researchers, water managers and politicians, and is becoming a strategic
development issue for countries, regions, and the world due to anticipated scenario of climate
change. Managing this nexus is vitally important for ensuring economic performance, social
equity, environmental sustainability, and political stability.

By consistently integrating these existing assessments, we can develop global scenarios for a
new nexus approach, which will complement and advance the work of previous outlooks, such as
those of the United Nations Environment Programme, the Organisation for Economic Co-
operation and Development, FAO, and the World Energy Outlook. This will enable us to map
current and future hot spots of available resources and resource productivity across sectors.
From such “nexus maps” we can identify the potential to reduce overall resource use by
improving the configuration of production patterns and sourcing of inputs, including
opportunities associated with trade and foreign direct investment. For example, electricity trade
schemes can promote hydropower generation in locations with low water loss and/or high water
availability, as in the Nile Basin Initiative, and foreign direct investment can provide knowledge
and technologies for co-production of bio-fuel and food/feed for improved water and land
productivity.

Such a model-based, top-down approach to the nexus needs to be developed alongside a bottom-
up approach, in order to build a knowledge base on best practice, policies, and solutions.
Because these nexus solutions have to be driven by individual institutions, additional incentives
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and mechanisms need to be established to bridge institutional and sectoral silos. This will reduce
negative externalities of short-term sectoral optimization and instead build long-term systemic
resilience, reduce total demand for resources, and decouple development from resource use.
Only then we can meet the challenges of the “great acceleration” and achieve a transition to
sustainability that delivers for the poor.

This paper presents initial evidence for how a nexus approach can enhance water, energy and
food security by increasing efficiency, reducing trade-offs, building synergies and improving
governance across sectors. A nexus approach can support a transition to sustainability, by
reducing trade-offs and generating additional benefits that outweigh the transaction costs
associated with stronger integration across sectors.

KEY WORDS: Energy policy; Energy, water and food; Access to basic services

The Water, Energy and Food Security Nexus refer to the interlinked risks of water security, food
security and energy security. With the current combined challenges of degraded ecosystems, a
rapidly increasing demand for resources, climate change, growing urbanization and
globalization, there is a threat that social-ecological systems at all levels will be driven across
critical thresholds. The nexus of water, energy and food security has attracted more and more
attention from researchers, water managers and politicians, and is becoming a strategic
development issue for countries, regions, and the world due to anticipated scenario of climate
change. Managing this nexus is vitally important for ensuring economic performance, social
equity, environmental sustainability, and political stability. The areas of energy, water and food
policy have numerous interwoven concerns ranging from ensuring access to services, to
environmental impacts to price volatility. These issues manifest in very different ways in each of
the three “spheres”, but often the impacts are closely related. Identifying these interrelationships
a priori is of great importance to help target synergies and avoid potential tensions.

INTRODUCTION

The water-energy nexus has been coming into focus over the last couple of years. The idea is that
water and energy are inextricably linked: it takes water to make energy and energy to clean and
move water. In the last year or so, a third critical human resource has been added to the mix:
food. Theoretically, we can better and more sustainably manage each of these resources if we
understand their impact on each other. The water, energy and food security nexus will be one of
the major challenges in achieving universal access to these resources without compromising the
health and stability of the environment.

The demand for water is increasing day by day due to population growth, urbanization, intensive
agricultural as well as industrial development. Agriculture is the largest consumer of water in
India and Australia and the use of groundwater is increasingly playing a critical role in food
production in both countries. In this context, it is necessary for agriculture to address its
sustainability particularly with regard to water scarcity, energy use and greenhouse gas
emissions. As surface water is becoming increasingly scarce, farmer's dependence on
groundwater for irrigation is steadily increasing. Groundwater use is also inextricably linked to
energy use, as energy is required not only to lift the water but also to irrigate the crops. Water
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and energy are usually treated separately and interactions between the two are frequently
overlooked. Thus, the interrelation of energy, irrigation and food security has now reached a
critical stage.

The paper is divided into XVII sections. Section Il presents the Review of Literature Section IlI
shall focus on Managing the Water Land —Energy Nexus for Sustainable Development. Section
IV gives the Country’s Total water and Energy Demand in Agriculture. Section V discusses
about The Index of TFP in Agriculture. Section VI shall focus on Present Energy Crisis in India
and their Solutions. Section VII gives the Climate Risk Management and Agriculture in India:
Living with an uncertain monsoon Section VIII th shall focus on Impact of climate Change on
water and Food Security Section 1X gives the Impact of Coal Mining For Energy and
Environment Section X presents the Food Security in India Section XI shall focus on Role of
Mountains in resolve Energy Water and Food Security. Section XII gives the Water Energy and
Food Nexus in Gujarat. Section XIlIth presents the Global Energy Crisis and its impact on
Mitigation efforts. Section X1V shall focus on Global Energy Crisis and food security. Section
XV gives the Government Initiative for Energy Crisis. Section XVI Presents the High Level
Panel on the Water, food and Energy. In Section XVII we shall assess the Conclusions,
suggestions and recommendations

REVIEW OF LITERATURE

Narayanmurty, (2007): The water savings due to widely spaced crop is 300 mm/year and closely
spaced crop is 500 mm/year (National Mission on Micro Irrigation, 2003). This water savings is
directly proportional to energy savings.

Mall et al., (2006): Drop of 1m in groundwater table after water withdrawal will increase India’s
CO2 emission by 1per cent.

Lal. M.,: (2001) it is predicted that there will be decrease in winter precipitation by 10 to 20per
cent over central India.

Agrawal (2011): There are several factors behind the observed stagnation in agriculture. The first
one is the decline in investment in agriculture. In the 1950s, investment in agriculture was 19per
cent of total investment and has declined steadily to touch 85per cent in the 2000s.

World Bank (2010): Higher food prices have a substantial effect on poverty, even after
accounting for second round adjustment in consumption and production. The poor are especially
hit by high food prices given the large share of food consumption in their total expenditure and
generally negative correlation between income levels and budget shares of food.

Chand (2010): Since there is chance of repeated occurrence of such surge of food prices, we
need to have an effective food management strategy to deal with them.

Chauhan, Prithiviraj (2008): Energy security for India will be vital for our economic growth; the
government has launched National Action Plan for Climate Change and aims to bring in clean
technology which sustains development process.

Godrej, Jamshyd (2011): A new research report shows that demand for energy presents an
opportunity for green businesses. If cleaner energy alternatives were available, there is a market
willing to pay for them, even in very poor communities. The Washington-based World
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Resources Institute and the Centre for Development Finance at the Institute for Financial
Management and Research in Chennai estimate the potential market for clean energy products
and services among India’s rural poor at $2.11 billion a year. This conservative assessment of the
market potential signals a huge opportunity for consumers and clean energy companies alike
Government of India (2010): India’s federal government approved incentives totaling 950
million rupees ($21 million) for makers of electrical vehicles. The subsidy available for electrical
and hybrid vehicles will be available until March 2012, as it plans to fund design, research and
development and, supply chain development in the above field.

Government of India (2010): Our present indigenous petroleum production is only 33 MMT and
is less than 50per cent of our annual requirement. Therefore, the Government attaches high
priority to minimizing the gaps between indigenous production and consumption of petroleum
products. The need of the hour is to conserve petroleum by its judicious use, substituting it by
other resources wherever feasible and restricting its use only to the essential needs.

Jawahar lal Nehru National Solar Mission (2010): To achieve volume production at a scale
which leads to cost reduction and rapid diffusion and deployment of solar technologies across the
country? For this purpose set up enabling policy environment and regulatory framework

Ramesh, Jairam (2011): At the U.N. climate change summit in Copenhagen Dec.2009, rich
nations had pledged to give $30 billion in “fast start finance” between 2010 and 2012 to help the
poorest countries and those affected by climate change. ‘US alone have listed an amount of $26
million to India as part of their fast start finances pledges’ said Mr. Jairam Ramesh.

Singh, Pragya (2010): The Energy Efficiency and the Renewable Energy Management (EE and
REM) Centre utilize the city’s energy resources effectively and maximize the usage of renewable
resources. It seeks to create partnerships among industry, consumers, manufacturers, financial
institutions, NGO’s and organizations to promote energy conservation.

TERI (2011): Energy security is crucial for India's economic prosperity. TERI's study showed
that the country needs to manage its energy imports proactively, increase its production and
ensure efficient consumption to make the future of the country energy secure.

Seckler et al (1998): The capacity of large countries like India to efficiently develop and manage
water resources is likely to be a key determinant for global food security in the 21% century.
Kumar (2008): Since Agriculture is the major water consuming sector in India, demand
management in agriculture in water scarce and water stressed regions would be centered to
reduce the aggregate demand for water to match the available future supplies.

FAO (2007): With productivity growth and a modest growth in irrigated area of 0.2per cent
annually, irrigated production is projected to account for nearly 40per cent of the increased
agricultural production in the developing world by 2030.

MANAGING WATER-LAND-ENERGY NEXUS FOR SUSTAINABLE

DEVELOPMENT

Rising incomes and reduced poverty have coincided with the growing demand for goods and
services, such as food and energy, which in turn has increased the pressure on natural resources
and ecosystems leading to their over-exploitation and degradation. Climate change adds to this
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predicament, as several climate adaptation and mitigation measures such as irrigation,
desalination, or bio-fuels, are also resource intensive.

In a recent attempt to quantify the limits of global resources, the Planetary Boundaries
framework, a critical environmental threshold beyond which rapid and unexpected systemic or
“regime” shifts may be triggered, was developed. This framework tries to establish global limits
for water, land, and energy use and for other natural resources, such as nutrients or biodiversity.
Current demand and resource use trajectories are threatening to undermine the inclusiveness and
sustainability of development. For example, by 2050, the Food and Agriculture Organization
(FAO) projects a 70 per cent increase in food production, and the World Energy Council (WEC)
projects a 100 per cent increase in energy supply. These trajectories must be curbed by more
efficient use of resources and reduced wastage, as well as demand management.
The priority must be to address current water, energy, and food insecurity in particular, of the
world’s poorest, to provide a healthy diet, safe water, and access to modern energy for all, going
beyond the Millennium Development Goals (MDGs). However, this goal should not only be
pursued at the household level, but also at the industrial development level to enable economic
development for all countries. Meeting these additional demands in closing these gaps poses
even stronger resource challenges.

Sustainable Development Goals:

Sustainable Development Goals (SDGs) which would meet both these social and environmental
challenges: staying within the environmental “ceiling”, or planetary boundaries, and the socio-
economic “floor”, which, combined, define a safe and more equal operating space for humanity.
When developing these SDGs, it will be important to recognize the interactions and feedback
among planetary boundaries and among SDGs. For example, efforts to attain food security need
to be water, land, and energy smart, which is not generally the case for agricultural
intensification; efforts to achieve energy and climate protection goals need to be water and land
smart, which is often not the case for renewable or non-conventional energy; and efforts to reach
water goals need to be energy and climate smart, which is not the case for desalination or water
transfers.

This nexus angle is particularly important given the strong links between sectors, i.e., agriculture,
water, energy, environment, which are likely to get even stronger so that externalities across
resources become co-constraints of sustainable development. For example, in Jordan, 25 per cent
of all electricity is consumed for the supply of water, primarily the pumping of water. In the
United States, power generation accounts for about 40 per cent of all water withdrawals. Large
scale water transfers in China intended to mitigate water scarcity are energy intensive, partially
depending on hydropower which, due to evaporative losses from reservoirs, contributes to water
scarcity.

Hence, systemic thinking and integrated solutions—the nexus approach—need to guide the
development and implementation of SDGs. In fact, the real innovation of SDGs may be in
exactly that—their conjunctive developments—given that most of the individual goals were
already formulated in the past in one way or another. The nexus approach also needs to inform
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the emerging national green economy roadmaps, so that the resulting efficiency gains can help
keep the cumulative effect of all national development agendas within the planet’s safe operating
space.

Opportunities in Nexus Approach:

A nexus approach can support a transition to sustainability, by reducing trade-offs and generating
additional benefits that outweigh the transaction costs associated with stronger integration across
sectors.” A nexus approach can create a number of opportunities, including:

» Increased Productivity of Resources. The nexus focus is on system efficiency rather than
on the productivity of isolated sectors.

» Waste as a Resource in Muti-Use Systems. Cross-sectoral management can boost overall
resource use efficiency. Waste can be turned into a resource for other products.

»  Stimulating Development through Economic Incentives. A nexus approach can help to
avoid investments that lock development into non-sustainable pathways.

» Governance, Institutions and Policy Coherence. Enabling conditions for horizontal and
vertical policy coherence include institutional capacity building, political will, change
agents and capacity building.

> Benefiting from Productive Ecosystems. Green agriculture can provide benefits such as
carbon sequestration and resilience to climate risks while improving food security.

> Integrated Poverty Alleviation and Green Growth. Green agriculture can generate more
rural jobs and increase diversity and resilience of production systems.

» Capacity Building and Awareness Raising. This can help to deal with the complexity of
cross-sectoral approaches, and to promote sustainable lifestyles and consumption
patterns.

» Moving Towards a Green Economy. As the green economy approach seeks “to unite
under a single banner the entire suite of economic policies of relevance to sustainable
development”, it is the nexus approach par excellence.

COUNTRY’S WATER AND ENERGY DEMAND IN AGRICULTURE

India is the largest freshwater user in the world, and the country’s total water use is greater than
any other continent. The agricultural sector is the biggest user of water, followed by the domestic
sector and the industrial sector. Groundwater contributes to around 65per cent of the country’s
total water demand, and plays an important role in shaping the nation’s economic and social
development. On the other hand, feeding country’s own population, which is 17per cent of the
world with just 4per cent of world’s water resources at hand, is a big challenge. Balancing water
demand among all sectors with finite and fragile water resources will be crucial for future
economic growth and development.

Apart from completing hydro projects for her economic needs, irrigation is a great moderator of
vulnerability especially of the marketable surplus of exports and consolidation of food buffer
stocks. Three States of Punjab, Haryana and Uttar Pradesh in the Indo-Gangetic plains
collectively contribute 98 per cent wheat and 52 per cent rice to the central stock for maintaining
food, nutritional, feed and national security. Punjab leads in irrigation with 97.6 per cent of its
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net sown area under irrigation followed by Haryana (85.2 per cent), Uttar Pradesh (71.6 per cent)
and all remaining states with less than 51 per cent. There is a conjunctive use of surface and
ground water resources with about 20 million ground water extraction structures in the country.
Overall, ground water accounts for 60 per cent of the net irrigated area (58.5 million ha) in India.
Ground water contribution to the net irrigated area varies from 65 to 74 per cent in the States of
Bihar, Gujarat, Madhya Pradesh, Maharashtra, Punjab, Rajasthan and Uttar Pradesh. Overall
ground water management is very crucial for meeting incremental demands and maintaining
sustainability in the long term perspective.

Energy Consumption in Agriculture

In India about 52per cent of its total electricity is generated using fossil fuel (coal). Indian
agriculture consumes about 30per cent of its total electricity. According to BERI (2007), India is
among top 10 fastest growing economies in the world. Due to this its fossil fuel share is expected
to rise to 74 per cent of total energy by 2010, the corresponding increase in CO2 emissions being
1,646 Million tons. The use of fossil fuels increases the Greenhouse gases (GHGSs) emission.
Thus, energy efficiency and increased water productivity in agriculture has huge impact on water
and energy policy in India.

Micro-Irrigation Technology for Enhancing Water Efficiency

As water demand from cities and industries is increasing rapidly, pressure is also mounting on
agriculture to enhance water efficiency. Traditional irrigation methods are no longer viable and a
paradigm shift is required to increase irrigation efficiency. With around two third of Indians
depend upon agrarian economy, water is becoming a bottleneck for country’s socio-economic
balance and growth. As water demand management measure in agriculture, recently micro-
irrigation technologies, which mainly include drip and sprinkler irrigation methods, have been
introduced. Unlike conventional flood irrigation, water in this method is supplied at a required
interval and quantity using piped network, emitters and nozzles. Thus, the conveyance and
distribution losses are reduced which results into higher water use efficiency. Minimizing water
use also reduces energy use for pumping groundwater. Thus, micro-irrigation technologies co-
optimize both energy and water use.

Conventional irrigation methods are employed for more than 80 per cent of the world’s irrigated
lands yet their field level application efficiency is only 40-50 per cent. In contrast, drip irrigation
has field level application efficiencies of 70- 90 per cent as surface runoff and deep percolation
losses are minimized. All agricultural operations require energy in the form of electricity, the
magnitude of which varies as per different agro-climatic zones and even from farmer to farmer.
Reasons for Action and Targets

The largest share of energy is utilized for pumping of irrigation water. Various research studies
have shown that water saving, electricity saving, irrigation efficiencies and yield of crops using
drip irrigation are substantially higher than crops irrigated by the conventional flood irrigation
method. The modern irrigation systems drip and sprinkler can act as a mitigation measure over
this problem. Eventually with little water available in Indian subcontinent, crop can survive and
we can virtually come out the over dependency on monsoon. Because, whatever rain is available
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in arid regions can be will be stored and water applied to root zone with drip, will bring this
region out ‘rain feed’ clutches with increased productivity. The water savings due to widely
spaced crop is 300 mm/year and closely spaced crop is 500 mm/year (National Mission on Micro
Irrigation, 2003). This water savings is directly proportional to energy savings (Narayanmurty,
2007).

INDEX OF TFP IN AGRICULTURE
Agriculture growth is one of the important components for productive inclusion. Global
experience shows that GDP growth originating in agriculture is at least twice as effective in
reducing poverty as GDP growth originating outside agriculture. The Index of Total Factor
Productivity (TFP) in agriculture in India increased from 100 in 1961 to 170 in 2009. During the
same period, it increased from 100 to 270 in Brazil, China and Indonesia. Yields of many crops
in India are lower than in many countries. There is an opportunity to boost TFP and yields with
appropriate price and non-price policies. These include technology, better water management,
marketing and rural infrastructure. Diversification of agriculture, a focus on eastern and central
regions, increase in supply chains and links to agro-processing can increase productive
employment. Higher farm growth boosts the rural non-farm sector too.
India ranks second worldwide in farm output. Agriculture and allied sectors like forestry, logging
and fishing accounted for 18.6 per cent of the GDP in 2005, employed 60per cent of the total
workforce and despite a steady decline of its share in the GDP, is still the largest economic sector
and plays a significant role in the overall socio-economic development of India. Yields per unit
area of all crops have grown since 1950, due to the special emphasis placed on agriculture in the
five-year plans and steady improvements in irrigation, technology, application of modern
agricultural practices and provision of agricultural credit and subsidies since the green revolution.
India is the largest producer in the world of milk, cashew nuts, coconuts, tea, ginger, turmeric
and black pepper. It also has the world's largest cattle population (193 million). It is the second
largest producer of wheat, rice, sugar, groundnut and inland fish. It is the third largest producer
of tobacco India accounts for 10per cent of the world fruit production with first rank in the
production of banana and sapota. The required level of investment for the development of
marketing, storage and cold storage infrastructure is estimated to be huge. The government has
implemented various schemes to raise investment in marketing infrastructure. Among these
schemes are Construction of Rural Go downs, Market Research and Information Network, and
Development / Strengthening of Agricultural Marketing Infrastructure, Grading and
Standardization. Main problems of low TFP in the agricultural sector, as listed by the World
Bank, are:

> India’s large agricultural subsidies are hampering productivity-enhancing investment.
Over regulation of agriculture have increased costs, price risks and uncertainty.
Government interventions in labour, land, and credit markets.
Inadequate infrastructure and services.

YV V V
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PRESENT ENERGY CRISIS IN INDIA AND THEIR SOLUTIONS

Energy crisis and finding a viable solution for it constitutes an important contemporary debate in
India today. Energy crisis has a great bearing on all socioeconomic development of a country and
its sovereignty. Indo-US nuclear deal trans-country pipelines and aggressive policy of securing
petroleum fields in different parts of the worlds can be seen in light of the energy crisis. India is
not the stand alone case facing energy crisis. The world on the whole is facing energy crisis.
Energy intense economies of the developed world copied with increasing demand from rapidly
developing countries such as India, China, Brazil is responsible for huge increase in demand.
Plateauing of petroleum productions in traditional oil producing countries such as Saudi Arabia
along with political instabilities in countries like Iraq, Iran, Libea and Nigeria has led to scenario
where demand outstrips the supply.

In India there are number of factors which led to the situation of energy crisis. There has been
sharp rise in the consumption of energy in India since the last decade of 20" century. The year
1991 unlashed the forces of liberalization, privatization sector and accompanying rise in energy,
tidal energy etc. These resources have failed to fill the gap of demand and supply of energy due
to variety of reasons. Hydroelectricity is a cheap source of energy but is inflexible in terms of
location. There are many social and environmental concerns such as displacement of tribal’s,
submergence of forests are associated with hydroelectricity. Other renewable energy resources
such as solar power, geo-thermal, and wind energy tidal power are in nascent stage of
development and are commercially unviable.

Production and Consumption of Different Energy Resources in India

India is among one of the growing economies of the world. Indian long term economic policy is
extremely aggressive both on regional and global axis. India has to provide energy to her entire
population along with keep its industrial growth on track. So, she cannot afford to meet these
massive demands through imported energy. Feeding one billion people is another issue for India
and being an agro-based country, the water requirements are also on the rise with increase in
population.

As geo strategic developments in this part of the world are completely unpredictable so every
regional player is busy in planning to exploit the domestic energy potential to its maximum.
India and China are major regional competitors in energy security and, both are leading the
regional progress and development race as well. Only reason that they are sustaining it is the
consistent investment in energy infrastructure along with robust long term energy policies. China
has been sustaining a 10per cent growth rate since last three decade which has turned it into
world’s third largest economy after the US and Japan.

Traditional Energy Resources:-

Traditional energy resources like firewood, dried cow dung cake and charcoal are being used in
rural India. Such usage of traditional energy resources in inefficient and cause make life
miserable for women. To achieve cent per cent rural electrification as envisaged by national
programmed for rural electrification, availability of ample energy is must.
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Non-Renewable Energy

Non-renewable energy forms major chunk of total energy resources of the country. Coal oil or
gas fired power stations produce electricity. Petroleum derivatives are used in transportation
sector. Problem with non renewable energy is that India has to import a major portion of
petroleum products as it is not naturally endowed with them in sufficient quantum. Soaring
international prices of crude oil entails heavy outflow of foreign exchange and there is
omnipresence of energy insecurity in the event of disruption in supply.

Nuclear Energy

Nuclear energy is being offered as panacea for energy crisis being faced by India. Nuclear fuel
is cheaper than the petroleum. India has gained a considerable expertise in the development and
harnessing of nuclear energy. India’s nuclear program is three stage programmes which
encompasses the use of vast thorium reserves in the county. Nuclear energy is seen to be capable
of bridging the gap between the demand and supply of energy in India. Of late, the nuclear
energy program faced problem of non availability of natural uranium for rapid expansion of
nuclear energy in country. Natural uranium occur in small quantities in India and India can not
import natural uranium from outside as it is not a signatory to NPT and as a consequence NSF
refuse to export any nuclear energy related material and technologies to India. Indo—US unclear
deal should be seen in light of the projected benefits of nuclear energy.

India —US deal envisages that US will co operate with India for the development of civilian
nuclear technology and use its good offices to ensure NSG rules are modified in a way so that
India would be able to receive natural uranium as well as advanced nuclear technologies for
civilian use. The deal in turn obliges India to demarcate its civilian as well as military
establishment under IAEA regime. There are many strategic and defensive aspect undercurrents
of the nuclear deal. Questions have been raised in parliament regarding India compromising its
sovereignty independent foreign policy and about the reliability of USA as a long term strategic
partner. Scientists have alleged that US have shifted the goal posts and are demanding more
obligations from India than that were required by India-US deal.

Former honorable president Kalam has released a road map for achieving the energy security for
the nation. He visualizes important contribution by hydroelectric power and nuclear power for
the attainment of energy security. He also gives emphasis on conventional source as well as
renewable sources of energy such as wind power for energy security of the country.

Hydro Power Plants Energy:-

Decentralized Hydro Electric Power (HEP) and wind power are the commercially viable
resources of renewable energy in India today. Small hydroelectric power project made built to
satisfy the energy needs of surrounding villages’ offers a solution for the electrification of rural
areas in mountainous regions. Hydro energy is the most economical mean to get clean energy.
India, China, Afghanistan and Bangladesh are working restlessly to harness this resource.
Chinese are leading the race in hydro power production as well. How aggressive Chinese are in
their hydro energy ambitions can be gauged by a simple fact that total installed capacity of power
generation is around 20,000 MW. This includes both hydro and non-hydel means, in China, 3-
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gorges dam alone has a capacity of producing 22,500 MW. It is world’s largest hydro power
project. Apart from that, China is busy in constructing other large hydro power plants. 6 out of
world’s 20 largest hydro power plants are located inside China already. India is also building
hydro power plants across the entire swath of country. Indian water and energy policies are
actual demonstration of how water and energy would play a major role in future geopolitical and
geo strategic reshaping of the region.

Wind Power

Wind power is already a major source of energy. State of Tamil Nadu, Maharashtra and Gujarat
have taken lead in this sector. Government should encourage this private sector imitative by
providing the required infrastructure at war footing. So that estimate potential can be harnessed
private sector participation should be encouraged.

Ethanol and Bio-diesel

Ethanol and Biodiesel are the latest buzzwords in debates on energy crisis in India. Ethanol is
produced from sugarcane and is mixed with petrol. Countries such as Brazil and USA are already
using ethanol on large scale. Uses of ethanol in large scale will invariably boost sugarcane
farming in country. Biodiesel is obtained by processing oil obtained from various plant seeds.
Jatropha is being promoted in vast wastelands of the country. Experts feel that the problem of
huge oil import bill and the price uncertainty can be mitigated by cultivating bio-fuel crop on the
over 60 million hectare of wasteland available in the country. A northern railway is conducting
experiment of running locomotive on biodiesel. Even if small per centage of ethanol and
Biodiesel is blended, immense savings on import bill can be affected.

India’s Production and Consumption of Oil

India had about 5.6 billion barrels (890,000,000 m®) of proven oil reserves as of January 2007,
which is the second-largest amount in the Asia-Pacific region behind China. Most of India's
crude oil reserves are located in the western coast (Mumbai High) and in the north eastern parts
of the country, although considerable undeveloped reserves are also located in the offshore Bay
of Bengal and in the state of Rajasthan. The combination of rising oil consumption and fairly
unwavering production levels leaves India highly dependent on imports to meet the consumption
needs. In 2006, India produced an average of about 846,000 barrels (134,500 m3) per day
(bbl/d) of total oil liquids, of which 77per cent, or 648,000 bbl/d (103,000 m3/d), was crude oil.
During 2006, India consumed an estimated 2.63 Mbbl/d (418,000 m*/d) of oil. The Energy
Information Administration (EIA) estimates that India registered oil demand growth of 100,000
bbl/d (16,000 m3/d) during 2009.

India’s oil sector is dominated by state-owned enterprises, although the government has taken
steps in past recent years to deregulate the hydrocarbons industry and support greater foreign
involvement. India’s state-owned Oil and Natural Gas Corporation (ONGC) is the largest oil
company, and also the country’s largest company overall by market capitalization. ONGC is the
leading player in India’s upstream sector, accounting for roughly 75 per cent of the country’s oil
output during 2006, as per Indian government estimates. As a net importer of oil, the
Government of India has introduced policies aimed at growing domestic oil production and oil
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exploration activities. As part of the effort, the Ministry of Petroleum and Natural Gas crafted the
New Exploration License Policy (NELP) in 2000, which permits foreign companies to hold
100per cent equity possession in oil and natural gas projects. However, to date, only a handful of
oil fields are controlled by foreign firms. India’s downstream sector is also dominated by state-
owned entities, though private companies have enlarged their market share in past recent years.

Natural Gas

As per the Oil and Gas Journal, India had 38 trillion cubic feet (1.1x10** m®) of confirmed
natural gas reserves as of January 2009. A huge mass of India’s natural gas production comes
from the western offshore regions, particularly the Mumbai High complex. The onshore fields in
Assam, Andhra Pradesh, and Guijarat states are also major producers of natural gas. As in the oil
sector, India’s state-owned companies account for the bulk of natural gas production. ONGC and
Oil India Ltd. (OIL) are the leading companies with respect to production volume, while some
foreign companies take part in upstream developments in joint-ventures and production sharing
contracts (PSCs). Reliance Industries, a privately-owned Indian company, will also have a bigger
role in the natural gas sector as a result of a large natural gas find in 2002 in the Krishna
Godavari basin. The Gas Authority of India Ltd. (GAIL) holds an effective control on natural gas
transmission and allocation activities. In December 2006, the Minister of Petroleum and Natural
Gas issued a new policy that allows foreign investors, private domestic companies, and national
oil companies to hold up to 100per cent equity stakes in pipeline projects. While GAIL’s
domination in natural gas transmission and allocation is not ensured by statute, it will continue to
be the leading player in the sector because of its existing natural gas infrastructure.

National Solar Mission of India

According to reports released on June 11, 2012, India’s initiatives in the renewable energy sector
have received praise from the UN. The UN Environment Programme (UNEP) hailed India’s
achievement in its report on renewable energy trends in 2011. The report highlights that India’s
National Solar Mission helped the country spur an impressive 62per cent increase in investments
to $ 12 billion during 2011. It was the fastest investment expansion of any large renewable
energy market in the world. As per report, the global investment in renewable energy, excluding
large hydro increased by 17 per cent to $ 257 billion during the year under consideration. It
represented a six fold increase over the 2004 figure and a 94 per cent rise over the total in 2007.
India also found a place in the report as one among the top seven countries in the world for
renewable energy capacity, excluding large hydro, accounting for about 70 per cent of the total
non hydro renewable capacity worldwide. The other six countries are China, the US, Germany,
Italy, Spain and Japan. In 2011, India China and Brazil together accounted for roughly one
quarter of the global non-hydro renewable energy capacity.

CLIMATE RISK MANAGEMENT AND AGRICULTURE IN INDIA: LIVING

WITH AN UNCERTAIN MONSOON:-

Monsoon does play an important role on the economy of a country. Economy of a country
depends on Agricultural, Industrial sector especially in a country like India. In India, agriculture
provides around 70per cent of employment either directly or indirectly. This is the major reason
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for the economic growth of India to depend on Monsoon season. Monsoon season in India starts
from June and continue till September. If the monsoon is good, it boosts up the economy of the
country and helps in maintaining GDP growth.

Effects of Less Rainfall

Monsoon season has a direct impact on agricultural sector, which has an impact on industrial
sector as well, particularly for FMCG companies which depends on agricultural and rural
market. It also causes shortage of water supply for production of power and electricity.
Electricity shortage has a strong effect on almost all sectors, which also causes delay in
productions or increase in costing of products.

Monsoon rains has an impact on several crops of different states in India. It impacts the sowing
of groundnut in Rajasthan and Gujarat, soya-bean in Madhya Pradesh and Maharashtra and
paddy in Uttar Pradesh. Kharif crop also gets affected due to the delay of rains. Rains also affect
the production of rice, millet, sugarcane, oilseeds and cotton. Less rain affects the purchasing
power in rural areas and contract demand for products and services. With the global recession
still pertaining, India is depending on the domestic demand which mainly comes from rural
India.

In India, where over 60per cent of agricultural land is rainfed, a failed monsoon causes crippling
impacts in rural communities. Farmers often face a complete loss of crops, threatening
livelihoods and food security, and pushing already stressed areas into further poverty. Nationally,
GDP drops and the government spends massive sums on drought relief for farmers. The
magnitude of these human and economic costs — particularly as concern grows over the potential
for climate change to increase extreme weather patterns — has highlighted the need to better
manage climate risks and find ways to plan ahead.

The majority of India’s over 100 million farming households depend upon the summer monsoon
to water their crops from June through September. Advance information about the likely
character of the upcoming monsoon season could be very helpful to both farmers and policy
makers. They need information relevant to their specific region, and about specific climate
variables that affect crop management and agriculture policy decisions. In addition to seasonal
and sub-seasonal rainfall forecasts, analysis of past climate patterns, like timing of monsoon
onset and dry or wet spells, at appropriate scales can help decision-makers better understand the
climate risks they face. The International Research Institute for Climate and Society is partnering
in an innovative new research effort led by the Government of India, aimed at addressing these
challenges.

Extended Range Forecast System (ERFS) for Climate Risk Management in

Agriculture:-

The Extended Range Forecast System (ERFS) for Climate Risk Management in Agriculture
supported by the Department of Agriculture Cooperation, Ministry of Agriculture, seeks to
improve monsoon forecasts and demonstrate approaches to using tailored climate information to
benefit agriculture and rural livelihoods. The project includes demonstration districts in nine
states affected by the monsoon. Leading partners in India include the Indian Institute of
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Technology (11T) Delhi, which serves as project secretariat, the India Meteorological Department
(IMD); the National Centre for Medium Range Weather Forecasting, the Indian Council of
Agricultural Research, and state agriculture universities. IRI is the lead international agency for
the project, contributing climate and agricultural expertise and coordinating inputs from other
leading international research centers such as the European Centre for Medium- Weather
Forecasts (ECMWEF), the Japan Agency for Marine Earth Science and Technology (JAMSTEC),
Wageningen University, and others. In the area of climate science, the project will test new
approaches to forecasting the Indian monsoon, which is notoriously challenging to predict. A
new experimental “ensemble” forecast is being developed, combining outputs from multiple
models from globally-recognized climate research centers. IRl and scientists from the India
Meteorological Department and Indian Institute of Technology Delhi are also developing
methodologies to create forecasts at a smaller scale and investigating the potential for
information such as the likelihood of dry or wet spells and monsoon breaks, crucial for farmers.
In the demonstration districts, researchers at state agriculture universities are identifying specific
climate-related agricultural risks and the decision options of farmers and local officials, such as
adjusting crop timing, seed type, and fertilizer use.

IRI scientists are working with researchers at Anand Agriculture University in Gujarat and the
Acharya N. G. Ranga Agriculture University in Andhra Pradesh to analyze the impacts of
climate variability on maize, cotton, groundnut and other key crops, and map out climate risk
management opportunities. Through this project, the India Meteorological Department and state
agriculture universities hope to expand the kinds of climate information they offer to farmers
through the National Agro-Meteorological Advisory System. IRI and its partners are also
identifying ways to integrate climate information into specific agricultural planning and drought-
relief preparation policies.

With 60 per cent per cent of India’s population dependent on agriculture for their livelihoods,
better forecasting coupled with risk management approach haste the potential to help vast
numbers of farming households better cope with the risks of an uncertain monsoon. The IRI
works on the development and implementation of strategies to manage climate related risks and
opportunities. Building on a multidisciplinary core of expertise, IRl partnered with research
institutions and local stakeholders to best understand needs, risks and possibilities. The IRI
supports sustainable development by bringing the best science to bear on managing climate risks
in sectors such as agriculture, food security, water resources, and health.

IMPACT OF CLIMATE CHANGE ON WATER AND FOOD SECURITY

Climate change due to global warming is increasing complexities and vulnerability of food
security both in the irrigated and rain-fed agriculture. Frequency of extreme weather events of
heat waves, cold waves, cyclones, floods, droughts, outbreaks of pests and diseases have
increased especially during the past 20 years. During 1951-2007 the frequency of dry spells
(break in monsoon) and the number of dry spell days (break in monsoon days) showed an
increasing trend. Particularly, there was a clear increase in the per centage of long breaks
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compared to the total number of breaks. Rise in surface sea water temperature and levels have
been mapped.

Climatic changes have a few opportunities and many problems of vulnerability of the futuristic
food security. This calls upon short and long-term strategies for moderating, coping, adaptations,
mitigation and safety-nets. Diversification into water saving land uses in Punjab, other similar
areas and compensatory production in Eastern India is called upon. The sustainability of
groundwater utilities is one of the core issues which require attention for meeting irrigation and
drinking water requirements and ensuring food security. Holistic planning of groundwater
development in the east and northeast and adequate recharge measures in the northwest and
south are essential so that imbalances of the past are remedied. In other areas too, judicious
planning of groundwater development and artificial recharge could result in maximum
productivity without raising environmental concerns.

Climate Change May Force India to Import Corn

Scientists have claimed that India and China, Asia's largest corn producers, will experience
severe dry conditions due to climate change, prompting them to import corn from Tanzania
which would face comparatively wet weather. Researchers from Stanford University, the World
Bank and Purdue University found that in the year’s countries such as India, China and the US
are forecast to experience severe dry conditions; Tanzania's weather will likely be comparatively
wet. The African country can substantially increase its maize exports due to predicted dry and
hot weather that could affect other countries' usual sources for the crop.

The researcher began by analyzing historical years in which Tanzania experienced grains
surpluses or deficits. The researcher then attempted to predict how often Tanzania and key
trading partners will experience severely dry years in response to continued global warming
They predicted that during an average of 96 per cent of the years the US and China are predicted
to have extremely dry conditions, Tanzania will not experience similarly dry weather. For India
that per centage increases to 97 per cent the researchers said in a statement. The study was
published in the Review of Development Economics. "This study highlights how government
policies can influence the impact that we experience from the climate system," said study Noah
Diffenbaugh, an assistant professor from Stanford's School of Earth Sciences Tanzania is a
particularly interesting case, as it has the potential to benefit from climate change if climate
model predictions of decreasing drought in East Africa prove to be correct, and if trade policies
are constructed to take advantage of those new opportunities. The study used economic, climatic
and agricultural data and computational models to suggest that Tanzania is likely to have
adequate growing season moisture in most of the years that its key African trading partners
experience severe dry weather.

IMPACT OF COAL MINING FOR ENERGY ON ENVIRONMENT

Environment activists warned that coal mining in forest areas would endanger wildlife, water
resources and livelihood of millions of people. They demanded immediate moratorium on forest
clearances for coal mines and asked the government to prioritize alternative sources of energy.
Greenpeace and Wildlife Society of Odisha (WSQO) jointly released a survey report, "How Coal
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Mining is Trashing Tigerland", here highlighting the plight of forests falling prey to coal mining
and its adverse impact on wild animals and human population. The report said coal mining has
threatened more than 11 lakh hectares of forests in 13 coalfields alone in Central India. "The
blackout in northern India due to grid failure is a wake-up call for the government to revisit its
unsustainable energy policy. It is time the power generation sources and distribution models are
diversified. Locking the country into a coal intense pathway is not going to guarantee power. "It
is shocking that the ministry of environment and forests continues to clear coal power projects
and mines way beyond requirements, often overriding the objections of its own officials and
committees. There should be immediate moratorium on all new forest clearances until the criteria
for determining forests off limits to mining are agreed on and implemented with proper public
consultation and input.

The report quoted the Planning Commission as estimating the coal requirement for power
generation in 2031-2032 was 1,475 to 1,659 million tons, which is more than double the current
coal consumption of approximately 650 mtpa. This implies acceleration of destruction and
fragmentation of forests in the coming days. In the last five years the country has witnessed a
sharp rise in coal mining and thermal plants, mostly in Odisha, Madhya Pradesh, Chhattisgarh
and Jharkhand, while the Centre has all but overlooked the long term survival of tigers in Central
India. If the present trend is not reversed, the situation would worsen in the future, the report
observed.

FOOD SECURITY IN INDIA

The most important lesson of the 2008-09 global economic slowdowns is that food security is of
supreme national importance for maintaining social harmony, national integrity and sovereignty
of India. India’s current population of 1.12 billion (112 crores) is likely to grow to 1.35 billion
(135 crores) by 2023 and demands 23 per cent increase in agricultural production. Probabilities
of occurrence of droughts, crop failures and livestock damages vary from once in 2.5 to once in
15 years in various agro-ecological regions of India. Historical occurrences of devastating
famines in India are well documented in the literature. After the Bengal famine of 1943 India
could withstand severe droughts of 1972, 1987 and 2002 due to the Green Revolution leading to
food buffer stock in the country. Similarly 40 million hectare of land is vulnerable to floods, loss
of crops, livestock and livelihoods, devastations, miseries and periodic relocations of people.
Water logging and accumulation of salts in the soil surface is a slow degradation process but
sizable area is getting afflicted especially in canal commands year after year. This has happened
in South Western Punjab, Southern Haryana, Indira Gandhi Canal command of Rajasthan,
Sharda Sahayak of Uttar Pradesh and others.

Spending on Food in India

According to earlier data, an Indian, on average, spent as much as 53per cent of total expenditure
on food requirements. With relentless food inflation this per centage would be far higher now. In
comparison, Americans, on average, spend 9.3 per cent of their income on food, in Italy a family
on average spends 25.7 per cent, in Japan 19.1 per cent, in France 16.3per cent, in the United
Kingdom 11.5 per cent. While there is a difference in the method of calculation between India
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and others, it does emphasis the Indian reality of higher food prices and lower levels of
disposable income than other countries. The same estimates of poverty by the Planning
Commission became the basis on which to exclude people. In spite of national outrage against
the present poverty line figures of Rs 26 a day for an adult in rural India and Rs 32 for an adult
in urban India (at 2010-11 prices) these still continue as the basis for access to the PDS. The
critical issue here is to reverse targeting and ensure a universal public Distribution System. This
is estimated to cost the exchequer an additional Rs 25,000 to Rs 30,000 crore, a small price to
pay for a country, which has the largest malnourished population in the world.

Impact of Infrastructural Facilities in Foodgrains Production

Public investments into hydroelectric power generation, canal networks, rural electrification for
energizing ground water harnessing, roads, markets, other infra-structure, research and
development ushered in the Green Revolution. India’s food grain production touched the ever
highest record of 230.67 million tonnes in 2007-08 after hovering around 198 to 217 (average
209) million tonnes in the previous 40 years with a very high comfort level of buffer stocks. The
net irrigated area of 58.5 million ha in India comprising 40 per cent of net sown area contributes
60 per cent to the food-grain production. About 60 per cent of the net sown area in India is rain-
fed, complex, diverse, under-invested and contributing 40 per cent to the food-grain production
and supporting 40 per cent population is highly vulnerable. Productivity of the rain- dependent
80 per cent area under fruits, 100 per cent grazing lands and forests is also very low, un-reliable
and distress prone.

Impact of Energy Cost, Ground Water Quality on Food Production in Punjab:-
The northern State of Punjab in India has played a pivotal role in sustaining the national food
security and is referred to as the ‘Granary of India’. However, in sustaining the agricultural
production, Punjab has already depleted its good quality ground water resources. The State is
currently facing the problems of a declining ground water table in the central part, increased
energy cost for pumping and deterioration of ground water quality and there are indications that
the water availability would emerge soon as a limiting factor even to sustain the present
production levels unless remedial measures are undertaken immediately. Remedial solutions
such as artificial recharge of ground water, utilization of poor quality water, delaying rice
transplanting, crop diversification, restructuring of incentives, improving productivity in the
water-rich eastern States, etc. have been presented to rationalize the ground water use for
sustaining the agricultural production for maintaining perpetual food security in the country.
Draught not a Big Calamity in India Anymore:-

Back in the 1960s, India could not afford to import food, and depended on charity in 1960s. But
today GDP is almost $2 trillion, exports of goods and services exceed $ 300 billion and forex
reserves are $ 280 billion. Even if we had to import 10 million tones of wheat at today’s high
prices, the cost, $ 3 billion, would be easily affordable. In fact, no imports are needed:
government food stocks exceed 80 million tones. This is the real reason that droughts have
ceased to be calamities. Foodgrains availability remains as low as in the 1960s, despite the green
revolution. But rapid GDP growth, by hugely boosting the share of services and industry in GDP,
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has made agriculture a relative pygmy, greatly reducing the economy’s monsoon dependence.
There remains a catch: a drought may no longer mean mass starvation, but still means food
inflation.

The monsoon has failed badly this year (2012) as it did in 1965. But it’s little more than an
inconvenience this year, whereas in 1965 it was a monstrous calamity. The drought proofing of
India is a success story, but one widely misunderstood. India in the 1960s was pathetically
dependent on US food aid. Even in the bumper monsoon year of 1964-65, food aid totaled 7
million tones, over one tenth of domestic production. Then India was hit by twin droughts in
1965 and 1966. Grains production crashed by one fifth. Only unprecedented food aid saved India
from mass starvation. The 1966 droughts drove India into a ship to mouth existence. Hungry
mouths could be filled only by food aid, which reached a record 10 million tones.

Foreign experts opined that India could never feed itself. William and Paul Paddock wrote a best
seller titled famine 1975, arguing that the world was running out of food and would suffer global
famine by 1975. They said aid givers could not possibly meet the food needs of high population
countries capable of being saved. Countries incapable of being saved, like India, should be left to
starve, for the greater good of humanity. Indians were angered and horrified by the book, yet it
was widely applauded in the West. Environmentalist Paul Ehrlich, author of The Population
Bomb, praised the Paddock brothers sky-high for having the guts to highlights a Malthusian
challenge. The green revolution certainly raised yields, enabling production to increase, even
though acreage reached a plateau. But it did not improve food grain availability per person. This
reached a peak of 480 grams per day per person in 1964-65, a level that was not reached again
for decades. Indeed, it was just 430 gm per day per person 2010-11. Per capita consumption of
superior foods —meet, eggs, vegetables, edible oils —increased significantly over the years. But
poor people could not afford superior foods.

Employment schemes in rain deficit areas injected purchasing power where it was most needed.
The slow but steady expansion of the road network helped grain to flow to scarcity areas. The
public distribution system expanded steadily. Hunger remained, but did not escalate into
starvation. By the 1990s, hunger diminished too. Second, the spread of irrigation stemmed crop
losses. The share of the irrigated area expanded from roughly one third to 55 per cent of total
acreage. Earlier, most irrigation was through canals which themselves suffered when droughts
dried up reservoirs. But after the 1960s tube well irrigation rose exponentially, and how account
for four fifths of all irrigation. Tube well is not affected by drought. More important, tube wells
facilitated Rabi production in areas with little winter rain. Once, the Rabi crop was just one third
the size of the Kharif crop. Today, both are equal. This explains why in 2009, which witnesses
one of the worst monsoon failures for a century, agricultural production actually raised 1 per
cent: good Rabi production offset the slump in Kharif production. However the biggest form of
drought proofing lies outside agriculture. Rapid GDP growth has dramatically raised the share of
industry and services. Agriculture accounted for 52 per cent of GDP in 1950 and for 29.5 per
cent even in 1990. This is now down to just 14 per cent. Even if one-twentieth of this is lost to
drought, it will be less than 1per cent of GDP.
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Global Food Security

The UN Food Agency, the Food and Agriculture Organization (FAQO) , said on June 13, 2012
that the overall 2012 forecasts for global food production were positive. The FAO , however
warned that some regions were likely to struggle due to armed conflicts and displacement. The
report forecasts a record increase of 3.2 per cent in world cereal production in 2012. The main
reason behind this is a bumper maize crop in the US. Various other areas also projected good
supply prospects, partly lifting the bleak specter of another food crisis coming back to haunt the
world in 2012. Despite the overall positive trend, several regions are expected to struggle with
the consequence of poor rainfall, inclement weather and conflict, said the report. A number of
poor African countries are likely to face a risk of shortage due to weather —related reasons, while
Yemen and Syria may face the heat in account of armed conflicts.

Role of Mountains in Resolve Energy, Water, Food Security Issues

Mountains are the earth’s natural freshwater reservoirs. They store an immense amount of water
and gradually release it to support livelihoods and natural and agro-ecosystems downstream.
More than half of humanity relies on freshwater from mountains to grow food, produce
electricity, sustain biological diversity, and provide drinking water.

More than half of humanity relies on water from mountains. Glaciers, ice fields, and snow pack
store an immense amount of fresh water and gradually release it to meet year-round needs for
irrigation, drinking, sanitation, industrial processing, clean energy, and food production.
Mountains are sources of rich biodiversity providing numerous foods and medicinal products.
These services are vital for human wellbeing, both in the mountains and downstream, and
especially for improving the lives of indigenous, marginalized, and poor people.

Water Towers of Asia for Hydro Power and Food Security

Glaciers, ice fields, and snow packs provide immense water storage facilities. The Hindu Kush
Himalayas are the 'water towers' of Asia and are vital to 1.3 billion people living in ten major
river basins. They are the major source of water — both surface and groundwater — in the dry
season, and as such are critical for hydropower and food security The Hindu Kush Himalayan
mountain systems play a critical role in maintaining agricultural biodiversity. They help regulate
micro-climate and the all-important monsoon precipitation. Many of the rivers originating in the
Hindu Kush Himalayas support major bread-basket areas of regional and global significance
such as, the basins of the Ganges, Indus, Mekong, Yangtze, and Yellow rivers. Rivers originating
in the Himalayas contribute to groundwater storage, and during the dry season they are the main
source of surface water, in the fertile plains of the Ganges river basin, for example. More than
one-third of the arable land in the Hindu Kush Himalayan countries (excluding Bhutan and
Myanmar) is irrigated mainly by water from rivers originating in these mountains. Adverse
changes to this vital source of water would threaten food security at country, regional and global
scales.

Fragile and Unique Ecosystem:-
Mountains are fragile ecosystems and highly vulnerable to climate change, impacts of
globalization, and environmental problems such as atmospheric pollution and black carbon.
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While current changes create opportunities for mountain people for livelihood diversification, for
example, they also create pressures that can exacerbate poverty, food insecurity, and health risks.
Much of the negative pressure on mountain communities and ecosystems comes from problems
originating outside mountain regions. As global inaction on carbon emissions causes
temperatures to rise — and they are rising faster at higher elevations — snow and ice melt away,
diminishing the capacity of natural water storage systems.

The global community must look to mountains to resolve issues of energy, water, and food
security. To date, the conservation efforts of mountain people remain ignored and unrewarded,
yet we all benefit. We need to strengthen existing institutional mechanisms, and to establish new
ones, to provide incentives for ensuring mountain ecosystem services, including surface and
groundwater provision, water storage, carbon storage by mountain forests, and other services
necessary for energy, food security, and sustainable livelihoods. Whether or not there will be
enough food and energy for all will depend in large part on what happens in the mountains.
Mountains face special problems because of their remoteness, unique ecosystems, and fragility.
Consequently mountains need greater recognition in global negotiations.

WATER ENERGY AND FOOD NEXUS IN GUJARAT:-

The northern region of Gujarat State in western India is semi-arid and prone to droughts,
receiving almost all of its rain during the monsoon season between June and September. But for
the past three decades, many crop and dairy farms have remained green—even during the dry
season. That's because farmers have invested in wells and pumps, using massive amounts of
electricity to extract water from deep aquifers. The government has artificially propped up the
agricultural sector through power subsidies and price supports. The pumping hasn't occurred
without dire environmental impacts. Groundwater tables have fallen precipitously, 600 feet
below the ground in some places, requiring even more powerful pumps to bring water to the
surface. Over-consumption has taxed the power grid, constraining the electricity available for
others.

Rising Thirst for Energy on Farm

North Gujarat is a well documented, extreme example of groundwater depletion and an
unsustainable agricultural sector. But there are many other hot spots in places such as India,
China, and the Middle East where energy demands are rising so enough water can be pumped to
produce food. In essence, experts warn, agriculture in those areas is in peril because of its
unsustainable relationship with energy and groundwater.

Potential impacts include not only dry aquifers and failing farms, but increased soil salinity and
carbon dioxide emissions. Climate change exacerbates the situation. Poor farmers often are hit
the hardest, because they can't afford to invest in expensive technologies to drill wells and pump
water from them. The challenge for Gujarat and other areas lies at what is commonly known
these days as the water-energy nexus. Broadly speaking, the term refers to the ways in which
water and energy resources are interdependent. Meanwhile, as world population burgeons,
demand for resources continues to rise. Agricultural production will need to increase by about 70
per cent by 2050, and primary energy by 50 per cent by 2035, barring significant changes to the
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way food and energy are produced and consumed on the planet, according to a data by the UN
Food and Agriculture Organization.

An Unsustainable Trend In Use Of Ground Water To Irrigate Crops:-

In China, the use of groundwater to irrigate crops has grown more than tenfold since 1950,
According to research released by the University of East Anglia in England. The researchers
estimated that pumping systems—operating from an average depth of 230 feet (70 meters) in
some areas—emitted more than 30 million tons of carbon dioxide a year, roughly equivalent to
the amount emitted in all of New Zealand every year. The researchers blamed the massive
expansion of groundwater pumping on cheap energy and improved access to pumping
technology. In India, the largest groundwater user in the world, agricultural electricity
consumption increased more than 25-fold between 1970 and 2009, more than twice the pace of
overall electricity consumption, according to government figures.

New research by the International Water Management Institute characterizes nine states in India,
including Gujarat, as having "critical” groundwater condition, where pumping exceeds the long-
term recharge of the aquifers. "Agriculture, groundwater and electricity sectors in much of India
are now bound in an individual nexus of mutual dependence where the growth of one sector
(agriculture) is being supported by unsustainable trends in the other two sectors (groundwater
and electricity), so much so that even growth in agriculture is now threatened. The phenomenon
is driven by the use of millions of electric pumps that run on cheap power. Farm power subsidies
in India are estimated at $9 billion annually, up from $6 billion a decade ago. In Gujarat, tariffs
have been raised over the years, but farmers still pay only about 20 per cent of the true cost of
electricity, according to Modi of the Columbia Water Center.

Jon Strand, Senior Economist for the World Bank's environment and energy team, said in a
policy research working paper that the optimal scheme to combat aquifer depletion would be
tariffs that cover the full cost of electricity, with an extra charge to cover the "external cost™ of
groundwater pumping. That refers to the additional electricity costs to bring groundwater to the
surface as water tables fall because of over-pumping. "When a groundwater basin is exploited by
a large number of farmers, acting independently, each farmer has little incentive to practice
conservation that would primarily benefit other farmers. India's government is in the process of
revising its national water policy, and a draft recommends changing the "heavy under-pricing of
electricity” to more closely reflect actual costs. But if farmers in north Gujarat paid for the full
cost of their electricity, the agricultural sector wouldn't be economically viable, according to
Columbia Water Center.

GLOBAL ENERGY CRISIS AND ITS EFFECT ON MITIGATION EFFORTS
An energy crisis is great bottleneck in the supply of energy resources to an economy. In popular
literature though, it often refers to one of the energy sources used at a certain time and place,
particularly those that supply national electricity grids or serve as fuel for vehicles. There has
been an enormous increase in the global demand for energy in recent years as a result of
industrial development and population growth. Supply of energy is, therefore, far less than the
actual demand.
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Emerging Oil Shortage

“Peak oil” is the period when the maximum rate of global petroleum extraction is reached, after
which the rate of production enters terminal decline. It relates to a long term decline in the
available supply of petroleum. This, combined with increasing demand, will significantly
increase the worldwide prices of petroleum derived products. Most significant will be the
availability and price of liquid fuel for transportation. The US Department of Energy in the
Hirsch report indicates that “The problems associated with world oil production peaking will not
be temporary, and past “energy crisis” experience will provide relatively little guidance.”

Mitigation Efforts

To avoid the serious social and economic implications a global decline in oil production could
entail, the 2005 Hirsch report emphasized the need to find alternatives, at least ten to twenty
years before the peak, and to phase out the use of petroleum over that time. This was similar to a
plan proposed for Sweden. Such mitigation could include energy conservation, fuel substitution,
and the use of unconventional oil. Because mitigation can reduce the use of traditional petroleum
sources, it can also affect the timing of peak oil and the shape of the Hubbert curve. Energy
policy may be reformed leading to greater energy intensity, for example in Iran with the 2007
Gas Rationing Plan in Iran, Canada and the National Energy Program and in the USA with the
Energy and Security Act of 2007. Another mitigation measure is the setup of a cache of secure
fuel reserves like the United States Strategic Petroleum Reserve, in case of national emergency.
Chinese energy policy includes specific targets within their 5 year plans.

Andrew McKillop has been a proponent of a contract and converge model or capping scheme, to
mitigate both emissions of greenhouse gases and a peak oil crisis. The imposition of a carbon tax
would have mitigating effects on an oil crisis. The Oil Depletion Protocol has been developed by
Richard Heinberg to implement a power down during a peak oil crisis. While many sustainable
development and energy policy organizations have advocated reforms to energy development
from the 1970s, some cater to a specific crisis in energy supply including Energy-Quest and the
International Association for Energy Economics. The Oil Depletion Analysis Centre and the
Association for the Study of Peak Oil and Gas examine the timing and likely effects of peak oil.
Ecologist William Rees believes that “To avoid a serious energy crisis in coming decades,
citizens in the industrial countries should actually be urging their governments to come to
international agreement on a persistent, orderly, predictable, and steepening series of oil and
natural gas price hikes over the next two decades”. Due to a lack of political viability on the
issue, government mandated fuel prices hikes are unlikely and the unresolved dilemma of fossil
fuel dependence is becoming a wicked problem. A global soft energy path seems improbable,
due to the rebound effect. The world is heading towards an unprecedented large and potentially
devastating global energy crisis due to a decline in the availability of cheap oil lead to calls for a
decreasing dependency on fossil fuel.

Social and Economic Effects
The macroeconomic implications of a supply shock-induced energy crisis are large, because
energy is the resource used to exploit all other resources. When energy markets fail, an energy
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shortage develops. Electricity consumers may experience intentionally engineered rolling
blackouts during periods of insufficient supply or unexpected power outages, regardless of the
cause. Industrialized nations are dependent on oil, and efforts to restrict the supply of oil would
have an adverse effect on the economies of oil producers. For the consumer, the price of natural
gas, gasoline (petrol) and diesel for cars and other vehicles rises. An early response from
stakeholders is the call for reports, investigations and commissions into the price of fuels. There
are also movements towards the development of more sustainable urban infrastructure. In 2006,
survey respondents in the United States were willing to pay more for a plug-in hybrid car. In the
market, new technology and energy efficiency measures become desirable for consumers seeking
to decrease transport costs.

Crisis Management

An electricity shortage is felt most by those who depend on electricity for heating, cooking, and
water supply. In these circumstances, a sustained energy crisis may become a humanitarian
crisis. If an energy shortage is prolonged a crisis management phase is enforced by authorities.
Energy audits may be conducted to monitor usage. Various restrictions with the intention of
increasing energy conservation may be initiated to reduce consumption. To conserve power
during the Central Asia energy crisis, authorities in Tajikistan ordered bars and cafes to operate
by candlelight. In the worst kind of energy crisis energy rationing and fuel rationing may be
incurred. Panic buying may beset outlets as awareness of shortages spread. Facilities close down
to save on heating oil; and factories cut production and lay off workers. The risk of stagflation
increases.

GLOBAL ENERGY SECURITY AND INDIA

In modern history, due to various reasons, the economic power of any state defines her strength
and sovereignty. All the world powers are too sensitive about their energy security. All major
global players have been vying for control over energy resources since decades now. It has
played a major role in economic and military development as well. Economic collapse was a
major reason for the Russian demise as she had no access to major energy corridors. Recently,
the US has indulged into a prolonged and costly war to secure the energy resources along with
capturing all the corridors for the transportation of these resources. Energy department is the
integral part of the US strategic planning institutes.

As geo strategic developments in this part of the world are completely unpredictable so every
regional player is busy in planning to exploit the domestic energy potential to its maximum.
Exporting the foreign oil and gas is also among the major trends to keep the economic growth
momentum. India and China are major regional competitors in energy security and, both are
leading the regional progress and development race as well. Only reason that they are sustaining
it is the consistent investment in energy infrastructure along with robust long term energy
policies. China has been sustaining a 10per cent growth rate since last three decade which has
turned it into world’s third largest economy after the US and Japan.

China
China is second most strategically active player in energy arena. To secure her energy corridors
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through Indian Ocean, China is pursuing a long term strategy of building naval ports and bases in
the region on friendly countries’ coastal lines. Chinese energy needs would increase with the
time as its industrial complex is still expanding. Energy is the basic requirement for this giant
manufacturing house of Asia that inhabits one billion people as well.

India

India is among growing economies of the world and third most active player in this game as
well. Indian long term economic policy is extremely aggressive both on regional and global axis.
Derived by a fanatical idea of becoming one of the major global power players, she is competing
with regional developing countries and the established economies in the region at the same time.
India has to provide energy to her entire populace along with keep its industrial growth on track.
So, she cannot afford to meet these massive demands through imported energy. Feeding one
billion people is another issue for India and being an agro-based country, the water requirements
are also on the rise with increase in population.

GOVERNMENT INITIATIVES FOR ENERGY SECURITY

The government of India has been pursuing other avenues also in order to achieve energy
security. Government has entered into the agreements with countries like Qatar for the supply of
petro net has been established for the purpose of import, storage and then marketing of LNG in
India. Government is also actually looking into the feasibility or transnational gas pipelines such
pipelines being proposed Iran-Pakistan-India pipeline and Myanmar —Bangladesh India pipeline.
It proposes to farm a grid of pipelines and also to rope in China so as to make such venture more
secure and financially viable.

ONGC Videsh Limited is actively investing in overseas petroleum fields by acquiring stakes,
farming partnerships with different multinational consortiums to secure hydrocarbons for the
country. India has been given a membership to group of countries involved research in
international thermo nuclear experimental reactor. This research is aimed at finding means to
harness thermo-nuclear energy for peaceful purposes i.e. for the production of electricity. ITER
is projected as means that can provide unlimited energy using the principle of nuclear fusion
Whole India is actively trying to achieve energy security at various international levels. It is
imperative that already energy infrastructure should be upgraded and made efficient. National
grid system should be able to provide electricity generated out of hydel potential in Himalayas to
plains of India. And wind powered electricity from costal areas to interiors. In other words,
country should be capable of transporting energy access regions to energy deficit regions of the
country.

There should be grater emphasis on renewable sources of energy. Government should provide
funds for research and development of commercially viable methods of harnessing renewable
sources of energy. India being a tropical country offers a great potential of solar energy and total
energy. Government should subsidies solar equipments as it has do for solar cooker. National
policy on electricity now provides that private units can have their own captive power plants and
can even sell the surplus electricity to interested buyers. Government needs to provide tax
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incentives such as rebate in various taxes in order to achieve active private sector participation in
energy generation.

HIGH LEVEL PANEL ON THE WATER, FOOD AND ENERGY NEXUS

The High Level Panel is a continuation of the dialogue initiated at the Bonn2011 Conference on
the Water, Energy and Food Security Nexus and also reflects the recent recommendations of the
UN Secretary General’s High Level Panel on Global Sustainability to work across fragmented
‘silos’ and strive for development within planetary boundaries. The Water, Food and Energy
Nexus (WFE) Panel brings together people with the highest level of experience across the three
sectors in government, the private sector, international organizations and non-governmental
organizations. It offers stimulating discussion and interaction with the audience on success
stories of joined-up thinking that leads to broader benefits and of the enabling environment
necessary to replicate this experience in other areas.

Expected Outcomes

The High Level Panel will demonstrate the imperative of taking a more coherent and synergistic
approach to addressing water, food and energy security as set out in the Bonn2011 Conference.
The case will be made through the lenses and experiences of Panel Members showing that new
approaches can bring desired development results. It is not always going to be straightforward
and the discussion will illustrate how barriers have been overcome. The Panel will be one further
step in taking forward solutions to Rio+20 and beyond. The Output of the Panel will add to and
support the Nexus case made by Bonn2011 and the High Level Panel on Global Sustainability.
As the post-Rio discussions on sustainability development goals moves forward, momentum is
expected to focus increasingly on Nexus considerations.

CONCLUSION:

While the nexus principles outlined above are universal, solutions need to be context-specific,
and SDGs need to be interpreted to suit the local situation. Developing, transitional, and
industrialized countries each require different nexus approaches, including addressing large
differences between and within countries in terms of consumption patterns and resource use
intensity, leading to new solutions.

For low income countries, the highest priority is to simultaneously close the large water, energy,
and food security gaps, which are related to low resource productivity, in particular, to yield gaps
in agriculture. These gaps often increase by natural resource degradation, in combination with
rapid population growth and weak institutions. Hence, integrated knowledge and technologies
are key for sustainable intensification. Green growth in developing countries will continue to
depend largely on agriculture. For example, a nexus approach to water, land, ecosystems and
energy in the Naivasha basin in Kenya has led to new solutions, including payments for
ecosystem services which provide economic incentives for improved resource management.
Emerging powers, with their rapidly growing economies, a doubling of gross domestic product
(GDP) over a 10 to 15 year period, and rapidly growing population and per capita demands, have
to embark on more resource efficient development trajectories. The trend in China, India, the
Middle East, and North African countries to increasingly solve their resource constraints through
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better endowed regions, in particular South America and sub-Saharan Africa, must not slow
down local nexus solutions within those countries. For example, in Gujarat, India, which is
severely constrained in per capita availability of water and land, the so-called Jyotirgam scheme
for improved energy access for households and irrigation (water pumping) has significantly
reduced groundwater over-exploitation. Through an integrated approach, this scheme has
increased energy and food security and has raised Gujarat’s GDP growth above that of the rest of
India.

Industrialized countries with their high per-capita resource demands and large external resource
footprints (also externalizing resource degradation) will have to reduce consumption levels and
wastage. They will also need to mainstream nexus approaches into economic and development
cooperation, share innovative technologies, for example on modern renewable energies, and link
nexus-conscious institutions with other countries. For instance, Australia’s Carbon Credits Act,
which provides incentives for afforestation to sequester carbon, and its National Water Initiative,
which restricts water intensive afforestation, can be integrated through landscape zoning
according to water availability.

The private and public sectors and civil society have different but complementary responsibilities
when implementing nexus principles. The public sector coordinates, sets the regulatory and
incentive framework, and spends public funds. It also needs to make policy more coherent across
institutions and sectors—policy on agriculture, environment, land use, energy, and climate—
while maintaining strong sectoral capacity. Meanwhile, the private sector should drive
innovation for more efficient resource use and for sustainably increasing resource supply. If, for
example, wind energy can be used to desalinate seawater or brackish water, some drylands may
become highly productive in irrigated food production, and/or become carbon sinks. Supply
chains, which are largely in the hands of the private sector, need to be managed as “supply nets”,
in which cross-resource optimization takes place, from production to consumption. Such a
supply-net approach, which is facilitated by the generation of more comprehensive nexus
knowledge and also appropriate pricing of inputs, can further reduce total resource use through
smart sourcing of inputs according to the availability and productivity of resources.

Green agriculture, agro-forestry, and other multi-functional production systems apply a nexus
approach for sustainable intensification by reducing external inputs, reusing waste products, and
generating co-benefits. In doing so, biomass production can become a central element of a bio or
green economy. The co-benefits of such an ecosystem approach can go even further when land is
rehabilitated to simultaneously increase productivity and resilience. The importance of cross-
sectoral links for increasing overall resource use efficiency applies at all levels, from local to
national and even global. The scientific community is beginning to further refine and map
planetary boundaries, and it is also looking at how they are interlinked. Recent work that
addresses bilateral links includes the global mapping of:

(i)water availability and productivity constraints in food production, by LPJmL/WaterSim, which
reveals that water productivity, expressed in kilo calories produced per cubic metre of water
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consumption, varies between countries by an order of magnitude depending on crop mix,
agricultural management, and climate.

(if) combined water and land constraints in food and bio-energy production by the State of the
World’s Land and Water Resources for Food and Agriculture project of FAO, which shows that
the most severe co-constraints are in parts of China and India; and

(iii) water constraints in power generation by World Resources Institute (WRI), which reveals,
for example, that 17 per cent of global power plant design capacity is located in areas of high
water stress.

By consistently integrating these existing assessments, we can develop global scenarios for a
new nexus approach, which will complement and advance the work of previous outlooks, such as
those of the United Nations Environment Programme, the Organisation for Economic Co-
operation and Development, FAO, and the World Energy Outlook. This will enable us to map
current and future hot spots of available resources and resource productivity across sectors. From
such “nexus maps” we can identify the potential to reduce overall resource use by improving the
configuration of production patterns and sourcing of inputs, including opportunities associated
with trade and foreign direct investment. For example, electricity trade schemes can promote
hydropower generation in locations with low water loss and/or high water availability, as in the
Nile Basin Initiative, and foreign direct investment can provide knowledge and technologies for
co-production of biofuel and food/feed for improved water and land productivity.
Such a model-based, top-down approach to the nexus needs to be developed alongside a bottom-
up approach, in order to build a knowledge base on best practice, policies, and solutions.
Because these nexus solutions have to be driven by individual institutions, additional incentives
and mechanisms need to be established to bridge institutional and sectoral silos. This will reduce
negative externalities of short-term sectoral optimization and instead build long-term systemic
resilience, reduce total demand for resources, and decouple development from resource use.
Only then we can meet the challenges of the “great acceleration” and achieve a transition to
sustainability that delivers for the poor.

The discussion on food and water security at Rio+20 focused on setting Sustainable
Development Goals to replace the Millennium Development Goals, which are set to expire in
2015. While some progress was made in articulating them, per usual with these meetings, it’s
unclear whether these discussions will lead to meaningful change on the ground.
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ABSTRACT

Climate change poses uncertainties to the supply and management of water resources. While climate
change affects surface water resources directly through changes in the major long-term climate variables
such as air temperature, precipitation, and evapotranspiration, the relationship between the changing
climate variables and groundwater is more complicated and poorly understood. In Punjab, almost 97 per
cent of the cultivated area is under assured irrigation with nearly 80 per cent of the water resources
being used for agricultural production. The availability of water from rainfall is highly uneven and is
variable in both space and time. There has been a significant reduction in annual rainfall in the state by
nearly 35 per cent from 1980 to 2008.Coupled with declining rainfall the substantial jump in the
proportion of area under paddy from 5.57 per cent of cultivated area in 1960s to 64.9 per cent during
2008-09 and that of wheat crop from 34.4 per cent to 83.77 per cent over the same period have led to a
situation of monoculture of rice-wheat in the state. Thus, the dominance of paddy wheat crop rotation has
led to overexploitation of ground water resulting in rapid decline of water table in the entire state. In lieu
of this, on farm resource conservation technologies in states like Punjab have an edge over other
technologies. Land leveling through laser leveler is one such proven technology that is highly useful in
conservation of irrigation water and enhancing productivity. The present study revealed that the average
paddy yield for adopters of laser land leveling technology was 71.44 quintals per ha as compared to
66.59 quintals per ha for non-adopters. Gross returns worked out to be Rs. 73734.85 per ha for laser
leveled fields and Rs. 68729.14 per ha for non-adopters fields. The water use of laser leveled farms was
6327 cu.m per ha whereas for conventional fields it came out to be 8702.5 cu.mper ha, thereby resulting
into the irrigation water saving of 27 per cent. Thus, almost one-fourth of the irrigation water is saved
due to the adoption laser land leveling technology. The per hectare water productivity on laser-leveled
fields was 1.12 kg/m® as compared to 0.76 kg/m® on conventional fields, which clearly shows the 31 per
cent incremental water productivity with the use of laser land leveling technology. In sum, laser land
leveling has a great potential for optimizing the water-use efficiency in paddy cultivation without any
disturbing and harmful effect on its productivity. Popularization of this technology among farmers in a
participatory mode on a comprehensive scale, therefore, needs a focused attention.

KEY WORDS: Water productivity, laser land leveling, resource conservation technology,
paddy, Punjab

The state of Punjab, in common parlance known as ‘Food Bowl’ of the country, is the largest
surplus state in terms of food grains. It has a total geographical area of 50.36 lakh hectares out
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of which almost 83 per cent is under cultivation with cropping intensity of 189 per cent. The
agriculture in the state is highly intensive in terms of use of land, capital, energy, and all other
agricultural inputs, including irrigation water (Jeevandaset al, 2008). Punjab state with only 1.5
per cent geographical area and 3 per cent of agricultural area, contributes 43.8 per cent of
wheat and 25.4 per cent of rice to the central pool of the country (Government of Punjab,
2009). Punjab being major contributor to the ‘National food security’ system of India is rightly
known as food bowl of the country.The policy interventions of the state to shift more area to
rice-wheat from traditional cultivation has led to increase in the total water requirement from
4.377 million hectare meter (m ha m) in 1994-95 to 6.15 m ha m in 2005 in the state
accounting for more than 80 per cent of water use for rice growing season (Sondhi and Kheper,
1995; WRD, Punjab, 2005).

There has been a rapid increase in the area under paddy crop, a water- intensive crop, replacing
relatively less water-intensive crops like oilseeds and pulses in the production pattern. The area
under paddy crop increased from 227 thousand ha in 1960-61 to 2015 thousand ha in 1990-91
and further to 2642 thousand ha in 2005-06. Similarly, area under wheat crop increased from
1400 thousand ha in 1960-61 to 3468 thousand ha in 2005-06 (Government of Punjab, 2009).
Thus, area under rice-wheat cultivation has increased 3.6-times during the past four decades
due to government support through stable prices, massive procurement programme and other
institutional and infrastructural backup, even though rice has not been a staple crop of the state.
The dominance of paddy-wheat crop rotation has converted the Punjab state from a water-
surplus to a water-scarce state. At present, gross water requirementsfor the state are estimated
at 6.15 M ha-m, against the current availability of only 3.66 M ha-m, comprising 1.52 M ha-m
of surface water and 2.14 M ha-m of groundwater resources. It indicates a deficit of about 2.49
M ha-m of water — a case of severe water imbalance in the state (Kaur et al, 2010; WRD,
Punjab, 2005).

So, there is a need for developing efficient techniques to conserve underground water by
increasing irrigation efficiency (Singh et al, 2009). Future food production in the state severely
threatened by unsustainable underground water and inappropriate water management practices.
In lieu of this, on-farm resource conservation technologies in the state like Punjab have an
edge over other technologies. Laser-assisted precision land leveling system is also likely to
increase the cultivable area in the range of 3-6 per cent (due to reduction in bunds and channels
in the field). Furthermore, on laser-leveled fields, the performance of different crop
establishment options such as of zero tillage, raised bed planting and surface seeding are
known to improve significantly (Jat et al, 2006). Keeping this in view, this study was
undertaken with the objective to access the impact of laser land leveling on the productivity of
paddy crop by comparing it with the conventional practice and to find out the extent of water
saving as a result of laser or precision land leveling.

METHODOLOGY
The study was conducted in Tarn Taran district of Punjab. A random sample of 10 farmers
adopting the laser land leveling technology was taken from each of the two villages of Tarn
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Taran district viz. Dhotian and Naushera Pannua. In order to undertake impact assessment task of
this technology, almost an equal number of non-adopters from the same vicinity were taken as a
control group in the analysis. Therefore, a total sample of 40 farmers (20 adopters plus 20 non-
adopters) was finally chosen for the analysis.
Water productivity was calculated to describe the effect of laser land leveler on the productivity
and water-use for paddy cultivation. Water productivity is the physical accounting of water with
yield or economic output to assess how much value is being obtained from the use of water
(Abdullaevet al, 2007).For this analysis, physical water productivity wascalculated by Equation
(2):

WP = Output/Q ..(1)
where, WP is the productivity of water in kg/m®, Output is the production of crop in kilograms
and Q is water used by the crop (m®).Total amount of water used in paddy crop wascalculated by
multiplying the water discharge per hour (in litres) from the tube-well bore with total time taken
(in hours) for irrigating the cropthroughout the season.

RESULTS AND DISCUSSION

SOCIO-ECONOMIC CHARACTERISTICS

Socio-economic profile of the farmers showed that more than half of the adopters were young
i.e. age-group of less than 40 years, while identical per centage of non-adopters i.e. 70 per cent
were old age farmers (Table 1). About 60 per cent of adopters had passed secondary level
education, while, 80 per cent of non-adopters had passed up to matric level. About 75 per cent of
adopters had family experience of less than or equal to 20 years, which clearly indicated that the
adoption of this technology was made by young, educated and progressive farmers.

Table 1: Socio-Economic Characters of Sample Farmers, Punjab, 2011-12

Indicators | Adopters | Non-adopters
Age (years)

up to 40 13(65) 6(30)

40-50 4(20) 11(55)

Above 50 3(15) 3(15)
Education

Up to Matric 8(40) 16(80)

Secondary 10(50) 4(20)

Post-Secondary 2(10) -(0)

Experience in farming (years)

Upto 10 7(35) 4(20)

10-20 8(40) 6(30)

Above 20 5(25) 10(50)

ECONOMIC HOLDING AND OCCUPATION
The perusal of Table 2 revealed that the average operational land holding size of technology
adopters was 3.55 ha, whereas, it was 4.14 ha in the case of non-adopters. About 15.9 per cent of
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land was leased-in and 4.6 per cent was leased-out by the adopters of the technology. Occupation
of the sample farmers clearly indicated that more than half of the sample farmers were engaged

in farming only.

Table 2: Economic Holding and Occupation of the Sample Farmers, Punjab, 2011-12

Particular Adopters Non-adopters
Economic holding

Area owned 3.15(88.6) 3.25(78.5)

Leased-in 0.57(15.9) 0.89(21.5)

Leased-out 0.16(4.6) -

Total operational area 3.55(100) 4.14(100)

Occupation

Agriculture 12 (60) 14 (70)

Agriculture + Dairy 4 (20) 2 (10)

Agriculture + allied activities 4 (20) 4 (20)

Allied activities include poultry, bee keeping, taxi or truck driving, custom hiring etc.

CROPPING PATTERN

Paddy crop dominated the cropping pattern in kharif season with 79.9 per cent and 68.9 per cent of kharif
cropped area in the case of adopters and non-adopters respectively. Basmati stood the second major crop
of kharif season with the 12.5 per cent and 22 per cent area under this crop for adopters and non-adopters,

respectively (Table 3).

Table 3: Cropping Pattern of the sample farmers, Punjab, 2011-12

Crop Adopters Non-adopters
Average area (ha) Average area (ha)
Kharif
Paddy 2.84 (79.9) 2.85 (68.9)
Basmati 0.45 (12.5) 0.91 (22)
Fodder 0.26 (7.3) 0.33(8.1)
Vegetables 0.01 (0.3) 0.04(0.9)
Total kharif cropped area 3.55 (100) 4.14 (100)
Rabi
Wheat 3.18 (89.6) 3.43 (82.9)
Fodder 0.26 (7.3) 0.33(8.1)
Maize 0.07 (1.9) 0.20(4.8)
Potato 0.03 (0.9) 0.10 (2.4)
Other vegetables 0.01(0.3) 0.07 (1.7)
Total rabi cropped area 3.55 (100) 4.14 (100)
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Wheat crop dominated for the major crop in Rabi season with 89.6 per cent (adopters) and 82.9
per cent (non-adopters) of rabi cropped area. Fodder accounted for a mere 7-8 per cent area in
both the seasons for adopters and non-adopters, whereas, potato accounted for 1-3 per cent area
in Rabi season. So, paddy-wheat emerged as the major cropping pattern on the sample farms.

GROUND WATER STATUS

The average underground water depth in the Punjab was 9.3 m in the year 2001-02, 17.6 m in
2006-07 and presently it was estimated to be 25.6 m (Table 4). In 2001-02, about 93 per cent of
the sample farmers had groundwater depth of less than 12 m, whereas in 2011-12, about 55 per
cent of the sample farmers reported that their average water table had fallen more than 24 m,
almost two times decline within a decade. Such a drastic change in groundwater level from 9.3 m
in 2001-02 to 25.6 m in 2011-12 was due to 90 per cent of cropped area under paddy and
basmati.

Table 4: Status of Groundwater Level of Sample Farmers, Punjab, 2011-12

Water level (m) 2001-02 2006-07 2011-12
Below 8 9 (22.5) -(0) -(0)
8- 12 28 (70) 4 (10) -(0)
12 - 16 3(7.5) 15 (37.5) -(0)
16 — 20 -(0) 7 (17.5) 6 (15)
20— 24 -(0) 14 (35) 12 (30)
More than 24 -(0) -(0) 22 (55)
Average Depth (meters) 9.3 17.6 25.6

Figures in the parentheses indicate per centages to the total

LABOUR-USE PATTERN

Human labour, a vital input to conduct various on-farm and off-farm activities is generally
provided by family members, permanent labour and casual labour. An attempt has been made
to examine the human labour employment pattern in the cultivation of paddy on adopter and
non-adopter farms through tabular analysis.

It was observed from the table 5 that on adopter farms the total human labour used was 229.84
hours per hectare which was less as compared to non-adopter farms i.e. 260.81 hours per hectare.
The family labour being an important component of total human labour came out to be 83.13
hours per hectare on laser leveled fields and 92.92 hours per hectare on conventional fields. The
hired labour use accounted for the major use in the human labour employment pattern in the
cultivation of paddy as most of the operations especially transplanting of paddy involves a lot of
causal labour use. The per hectare labour use on transplanting of paddy was 130.58 hours on
laser leveled fields as compared to 145.55 hours on non-laser leveled fields; thereby indicating a
saving of 10.3 per cent. A use of electric motor/submersible pump hours for irrigating the crop

Page | 160



WEFS Nexus

was much less as on adopter farms compared to non-adopter farms. A significant saving of 27.1
per cent was achieved for irrigating one hectare of the laser leveled farm as compared to non-
laser leveled one.

Table 5: Labour-Use Pattern in Paddy Cultivation of Sample Farmers, Punjab, 2011-12

(Hours/hectare)
Family Labour Hired Labour Total Labour Change in
Particulars total labour
Adopter Non- Adopter Non- Adopter Non- (Adopters over
adopter adopter adopter | Non-adopters)
Laser leveler 411 - 3.61 - 7.72 - 7.72
Preparatory 1037 | 1030 | 024 | 027 | 1061 | 1057 0.04(0.4)
tillage
Transplanting 8.08 5.26 120.50 | 140.29 | 130.58 | 145.55 -14.97(10.3)
Irrigation 34.25 46.94 - - 34.25 46.94 -12.69(27.1)
Manures and | g5 | 966 | 188 | 105 | 11.24 | 1071 | 053(4.9)
Fertilizers
Interculture/ 4.16 8.56 541 | 10.02 | 958 | 1859 | -9.01(48.4)
Weeding
Plant - 5.88 6.22 1068 | 12.15 | 1656 | 18.37 -1.81(9.9)
Protection
Harvesting 2.56 2.17 3.77 3.65 6.34 5.82 0.52(8.9)
Transportation | 4 a5 | 381 | 062 | 046 | 498 | 427 0.71(16.6)
and Marketing
Total 83.13 92.92 146.71 | 167.89 | 229.84 | 260.81 -30.97(11.8)

Figures in parentheses indicates the per cent change in total labour for adopters over non-adopters

About 48.4 per cent of labour hours used for weeding/interculture were reduced in case of
adopters (9.58 hours per hectare) in comparison to non-adopters (18.59 hours per hectare). This
was mainly due to the less occurrences of weeds on leveled fields as the soil becomes compact
and the moisture content is uniform throughout. The human labour used in transplanting and
marketing of paddy crop was higher on adopter farms as compared to non-adopter farms. The
gain in productivity of 7.6 per cent on adopter farms as compared to non-adopter farms led to the
increased labour use in harvesting and marketing of paddy crop. Among other operations like
preparatory tillage, manure/fertilizer application, plant protection application etc. the difference
between the adopter and non-adopter was more or less the same.
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MACHINE-USE PATTERN

It was observed from the table 6 that on laser leveled farms the total machine-use was 175.40
hours per hectare which was less as compared to non-laser leveled farms i.e. 216.13 hours per
hectare. Tractor-use accounted for the major use among the machine use pattern. All the sample
farmer had their own tractor. Thus the owned machine-use hours per hectare were comparatively
higher than the hired machine-use. Among the owned machine-use hours, the largest proportion
accounted for irrigating the paddy crop i.e. 156.07 hours per hectare on laser leveled fields as
compared to 203.33 hours per hectare on non-laser leveled fields. There was almost 23.2 per cent
reduction in the electric motor on laser leveled farms.

Table 6: Machine-use pattern in paddy cultivation of sample farmers, Punjab, 2011-12

(Hours/hectare)
Owned Hired Total Change in total
Particulars machine use
Non- Non- Non- (Adopters over
Adopter adopter Adopter adopter Adopter adopter Non-adopters)
Laser leveler 2.09 - 3.61 - 5.70 - 5.70
Preparatory 8.05 7.98 0.24 0.43 8.29 8.42 -0.13 (L5)
tillage
Irrigation 156.07 203.33 - - 156.07 203.33 -47.26 (23.2)
Harvesting 1.12 1.05 1.44 1.24 2.56 2.29 0.27 (11.7)
Transportation |, 4¢ 1.96 ; 0.14 2.78 2.10 0.68 (32.3)
and Marketing
Total 170.11 214.32 5.29 1.81 175.40 216.13 -40.73 (18.8)

Figures in parentheses indicates the per cent change in total machine-use for adopters over non-adopters

Due to the unevenness of the land surface, the tractor used for the operation of preparatory tillage
was relatively more in non-adopter farms i.e. 8.42 hours per hectare as compared to adopter
farms i.e. 8.29 hours per hectare respectively. The harvesting of paddy was done by hiring
combine harvesters on per hectare hiring basis which accounted for the major share of hired
machine-use. Rest of the field operations were performed by the use of owned tractors. The
harvesting, transportation and marketing process consumes relatively higher amount of time in
case of adopter farm because of the higher crop production due to the adoption of laser land
leveling technology.

ECONOMICS OF PADDY CULTIVATION

The gross margins of paddy cultivation showed that the farmers who adopted the technology
received Rs. 3850.1 per ha incremental gross margins over the traditional practice (Table
6).However, the per hectare returns over variable cost was estimated Rs. 53269.5 and Rs.
49419.3 on laser-leveledand conventional field, respectively.
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Table 7: Economics of Paddy Cultivation under Laser Land Leveler and Conventional Method
of Cultivation on the Sample Respondent Holdings, Punjab, 2011-12

Particulars

Laser leveled fields

Conventional fields

Change in value
(laser leveled over

conventional fields)

Laser Leveling Cost 1891.9 - 945.9
Seedling 1270.3 1292.8 -22.5(1.7)
Transplanting Cost 4266.9 4221.2 45.7(1.1)
Cost of preparatory tillage 2036.4 1662.9 373.5(22.4)
Plant Protection Chemicals 2146.3 2332.8 -186.5(7.9)
Urea 1995.9 1993.7 2.2(0.1)
DAP 1413.3 1340.2 73.1(5.4)
MOP 116.8 212.8 -96(45.1)
Micronutrients 202.3 105.5 96.8(91.7)
Irrigation charges 33.6 633.2 -599.6(94.6)
Casual labour payment 1267.1 1665.3 -398.2(23.9)
Harvesting cost 2189.1 2175.4 13.7(0.6)
Transportation Cost 407.3 333.1 74.2(22.2)
Marketing Cost 530.6 493.1 37.5(7.6)
Total Variable Cost 19768.5 18462.6 359.9(1.9)
Gross Returns 73038.1 67882.1 5156.1 (7.6)
Return Over Variable Cost 53269.5 49419.3 3850.1(7.8)

Thetotal cost incurred on the cultivation of paddy on laser-leveled field (Rs. 19768.5 per ha) was
higher than on theconventional field (Rs. 18462.6 per ha); this was mainly duethe higher
expenditure incurred for leveling the field with laser leveler as compared to non-laserleveled
field.About 94.6 per cent decline in irrigation costs was alsoobserved on the laser leveled farms.
The results indicatedthat the expenditureincurred on irrigation was only Rs. 33.6 per ha on laser-
leveled fields, whereas it was Rs. 633.2 per ha onconventional fields. In a nutshell, laser leveling
technology increased productivity, reduced irrigationand weeding costs and hence increased the
returns tothe farmers from paddy

BENEFITS OF LASER LAND LEVELING

The mean paddy vyield on laser leveled fields was 70.7 quintals per ha as compared to 65.8
quintals per ha on conventional fields (Table 8). Thus, leveling of land with a laser leveler
resulted in 7.6 per cent increase in paddy yield over the conventional practice. The increase in
yield was due to improved weed control, improved water coverage due to better land leveling
which reduced labour-use in weeding by 48.4 per cent (Table 5). The per hectare water-use of
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paddy came out to be 6977 m* for adopters of the technology against 8953 m? for non-adopters;
resulting in 22 per cent saving of irrigation water. This water saving is of utmost importance as
the groundwater situation of the state is under grim.

Table 8: Benefits of Laser Leveling in Paddy Cultivation of Sample Farmers, Punjab, 2011-12

. Per cent change
Particulars Adopters Non-adopters (Adopter over non-adopter)
Productivity (kg/ha) 70.7 65.8 4.9 (7.6)
Weeding/Interculture (hrs/ha) 9.6 18.6 -9.01 (48.4)
Irrigation (m*/ha) 6976.9 8952.6 -1975.6 (22.1)

Figures in the parentheses indicate per centage change for adopters over non-adopters

WATER PRODUCTIVITY
The water productivity of paddy crop increased by 38 per cent and labour input for irrigation
reduced by 27 per cent on laser leveled fields as compared to conventional fields. Thus, laser
land leveling proved to be an efficient technique for enhancing water-use efficiency of paddy
crop (Table 9).

Table 9: Water Productivity of Paddy Crop of Sample Farmers in Punjab, 2011-12

Particulars Water Productivity (kg/m®)
Laser leveled fields 1.01
Conventional fields 0.73

Difference 0.28 (38.3)

Figure in the parentheses indicate per centage change for adopters over non-adopters

CONCLUSIONS

Precision land leveling with laser leveler is a recent resource conservation technology and has
been proven to save water to the extent of 22 per cent, and increase in paddy yield by 7.6 per
cent over the conventional method. The incremental per hectare increase in gross margins of
the technology adopters has been to the tune of Rs. 3850.. The water productivity on laser-
leveled fields has been found to be higher by about 38 per cent over the conventional field.
Evenly distributed irrigation water on laser-leveled field could reduce the emergence of weeds
in the paddy field which has further reduced the weeding time by about 48 per cent over the
conventional fields. Hence, this technology has a great potential for optimizing the water-use
efficiency in paddy cultivation without any disturbing and harmful effect on the productivity of
paddy crop

Page | 164



WEFS Nexus

REFERENCES

. Abdullaev I, Hasan M U and Jumaboev K (2007) Water saving and economic
impacts of land leveling: the case study of cotton production in Tajikistan. Irrig
Drainage Syst 21:251-263.

. Government of Punjab (2009) Statistical Abstract, Chandigarh, Punjab.

. Jat M L, Chandana P, Gupta R, Sharma S K and Gill M A (2006) Laser Land
Leveling: A Precursor Technology for Resource Conservation. Rice-Wheat
Consortium Technical Bulletin Series 7.pp 48.Rice-Wheat Consortium for the Indo-
Gangetic Plains, New Delhi, India.

. Jeevandas A, Singh R P and Kumar R (2008) Concerns of groundwater depletion and
irrigation efficiency in Punjab agriculture: A micro-level study. Agricultural
Economics Research Review 21:191-199.

Kaur B, Sidhu R S and Vatta K (2010) Optimal Crop Plans for Sustainable Water
Use in Punjab. Agricultural Economics Research Review 23:273-284.

. Singh T, Gill M S, Sidhu H S, Singh S and Sidhu A S (2009) Effect of Laser Land
Leveling on water productivity and yield of Rice-Wheat Cropping System.Indian J
Ecol 36(1):95-97.

. Sondhi S K and Kheper S D (1995) Water resources development and management
for sustainable agriculture production in Punjab.ProcSympWater Management
need for Public Awareness, PAU, Ludhiana. Pp- 95-106.

. Water Resources Directorate (2005) District-wise Abstract of Ground Water
Estimates. Water Resources Directorate of Punjab, Chandigarh.

Page | 165



WEFS Nexus

SUSTAINABLE AGRICULTURAL PRODUCTION
AND LAND CLASSIFICATION UNDER CANAL
IRRIGATION SYSTEMS

B.L. Gajja and S.S. Ramdeo
Faculty Member,

Vyas Institute of Management,
Jodhpur

ABSTRACT

The sustainable use of natural resources is the pre-requisite condition for enhancing the
agricultural production and productivity. The sustainability is based on the technologies
involved and management which conserves the natural resources and promote the agro- eco
relationship by minimizing the adverse environmental impact. Eswarn (1992) defined the
concept of sustainable management of natural resources as a system of technologies that aims to
integrated ecological and socio - economic principles in management of land for agriculture and
others uses to achieve inter - generations equity. It means that technologies involved and
management for land use should conserve the natural resources and promote the agro —
ecological relationship which have minimum adverse impacts on environmental. FAO (1989)
has defined sustainable agriculture as one which successfully manage the natural resources for
agricultural to satisfy changing needs of human while maintaining or enhancing the quality of
environment and conserving the natural resources. Thus sustainable land use aims not only to
increased the agricultural production but also maintain the resources for future use. Sustainable
agriculture production thus meet the criteria as (i) adequate food of standard quality, (ii)
friendly environment, (iii) maintain resource quality and (iv) profitable.

Water is one of the natural resource input for crop production to meet the growing demand for
food and to generate employment opportunity as 60 to 70 per cent of Indians depend on
agriculture. Irrigation is a key feature of India's agricultural strategy, but it has not been used
potentially. A sizable investment has been made in creating assured irrigation facilities through
major and medium irrigation projects with the target to increase food grain to a tune of 4-5 t/ha
in long term without causing any adverse effects on environment. However, the present level of
food grain production is only 1.7 t/ha. It is due to development of soil salinity and shallow water-
table in arid and semi-arid regions, which has serious negative impact on agricultural
environment in the areas covered under canal irrigation systems.

The production performance of a crop is directly guided by soil characteristics viz., soil depth,
texture, slope, water-holding capacity, internal drainage, etc. Based on these criteria, land has
been classified in eight categories called ‘land capability classes’. The first four land capability
classes are considered suitable for crop production. The remaining four land capabilities classes
are considered fit for pasture wood lots and wild-life use. The choice of crops and cropping
patterns based on capabilities in order to produce higher returns per unit area with adequate
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provision of conserving the natural resource (Van wambeke and Rossiter, 1987). Under the
irrigated conditions these land capabilities are called ‘land irrigability classes’. Of late
researchers and planners have laid much emphasis on ‘Land Capability Classes’ as such to
achieve sustainability in agricultural production (Alagh, 1990). Therefore, what is urgently
called for is an appropriate land use policy so that optimal use of land resources based on land
capability or sustainability is taken care of (Khosoo and Deekshatulu, 1992). In the present
analysis, an attempt has been made to document the crop production under different land
irrigability classes and its impact on natural resources like soil and water and other responsible
factors in semi-arid region of Gujarat State, INDIA.
MANAGEMENT OF LAND AND WATER RESOURCES

There are two options available for increasing the agricultural production to meet the demand of
growing population: Firstly to bring more area under cultivation and secondly to increase the
production per unit area. There is little scope to bring more area under cultivation.  Therefore,
the scope is only confined to culturable waste and barren and uncultivated land which is
degraded soils. There may be several ways maintained the use of land and water for sustainable
use. The important way is only land use according to its capability

Land Use According To Land Capability:

As mentioned above choice of crop and cropping pattern depend upon its capability for
sustaining these crops. Hence evaluation of this prime resource, based upon crop yield
performance is of immense significance. Land evaluation is the ranking of soil units on the basis
of their capabilities (under given circumstance including level of management and socio-
economic conditions) to provide highest returns per unit area and conserving the natural
resources for further use (Van Wambeke and Roster, 1987). The significant purpose of above
categorisation is to assess the degree of limitation on land-use potential imposed by land
characteristics on the basis of permanent properties. As the degree of limitation increases, the
range of land-use options decreases. Land-use capability can be assessed separately for a
number of land-uses viz.; agriculture, forestry, recreation, and water flow etc.  Recently
researchers and planners have laid much more emphasis on Land Capability Class as such to
achieve sustainability in agricultural production (Alagh, 1990). Therefore, what is urgently
called for is an appropriate land-use policy so that optimal use of land resources based on land
capability or sustainability is taken care of (Khosoo and Deekshatulu, 1992).

Land Irrigability Class:

Sys and verheye (1974) state that the suitability of soils for irrigation in aid and semi-arid areas
is mainly influenced by seven factors viz; Soil depth, calcium carbonate content, Gypsum status,
extent of salinity and Alkalinity content, Texture , Soil drainage and Slope. The value of an
overall index is obtained by multiplying various ratings. It is then possible to assign sites to one
of the five classes ranging from very suitable to completely unsuitable. These classes are defined
and can be summarized as follow:
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Class I: Highly suitable for irrigation with negligible obstacles. Topography is flat; soils are well
drained, have moderate permeability and are deep, medium textured, with good water holding
capacity.

Class II: Suitable for irrigation with slight obstacles such as undulating topography, moderately
well drained soils, moderate slow or moderately rapid permeability or moderate depth of soil.
Class IlI: Moderately suitable for irrigation with moderate obstacles such as easy rolling
topography, imperfect or some what excessively drained soils, slow or rapid permeability or
shallow soils.

Class IV: Marginally suitable for irrigation with severe obstacles, such as rolling topography,
poorly or excessively drained soils, very slow or very rapid permeability or very shallow soils.
Class V: Unsuitable for normal irrigation with very severe obstacles in topography, drainage or
soils. There drainage characteristics. Based on the payment capacity i.e. per hectare returns
achievable, the above classes can be redefined as follow:

Class I: Highest level of irrigation suitability and highest payment capacity.

Class II: Intermediate irrigation suitability and payment capacity,.

Class Il1: Lowest suitability and payment capacity.

Concept of Water Logging and Salinity:

The suitability of soils for irrigation in and semi-arid regions is mainly influenced by the seven
factors viz soil depth, calcium carbonate contents, gypsum status, texture, slope, intern,)]
drainage and water holding capacity (Sys and Verheye, 1974). The status of soil internal
drainage system is responsible for water logging. The water applied to the crops also percolates
deep in profile of the soils. Due to imperfect and poor status of internal drainage of soils, the
water accumulates in the soil profile. With passage of time water level reaches in the root zone
of the crops. Sometime it may be on the surface. Such soils are prone to salinity and water
logging (Sehgal et. al., 1989). Due to the brackish ground water, the salts come to the surface
through capillary rise. Artificial drainage is poor (Benoit Lesalfre, 1992). Such soils are
classified as land Irrigability class I1I, IV and V.

MATERIAL AND METHOD
Gujarat State is having two major irrigation projects, viz., Ukai-Kakrapar and Mahi Right Bank
Canal Command Irrigation Project. The Ukai-Kakrapar irrigation project is having four main
canals called Ukai Left, Ukai Right, Kakrapar Left and Kakrapar Right. Ukai right and Kakrapar
right bank canal command areas are located between Narmada and Tapi rivers. Mahi Canal
Command area in Gujarat is located in port of Kaheda and Panchmahal districts. Three canal
command areas represented by Ukai-Kakrapar Right Bank (UKRB), Kakrapar Left (KL) and
Mahi Right Bank (MRB) have been selected for investigation. The study is based on the data
collected from 400, 180 and 500 farmers distributed over 40, 18 and 50 villages of UKRB, KL
and MRB canal command areas, respectively during 1990-91 and 1991-92.
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| Land irrigability class No. of villages selected \
UKR KL MRB

I 1 - 15

1 9 3 9

11} 21 10 9

v 7 5 5

Vv 2 - 12

Total 40 18 50

A multistage stratified random sampling technique was used to select ultimate respondents
(farmers). The selected villages were classified according to Land Irrigability classes, as shown
below: UKRB was covered predominately by four crops viz., rice, sugarcane, cotton and pigeon
pea, while KL was dominated only by rice and sugarcane. In case of MRB, six crops viz., rice,
wheat, bajra, (summer as well as kharif), groundnut (summer) and tobacco equally dominated the
scene. All these crops occupied more than 90 per cent of the total cultivated tract in the
respective canal command areas. Simple tabular and production function approach were used for
the present study.

RESULTS AND DISCUSSION

Existing and Suggested Cropping Pattern

The suggested cropping pattern in a canal command area is based on the classification of land in
different categories. The existing cropping pattern reflected the choice of crops by the farmer.
The recommended and existing cropping pattern in both command areas is shown in Table 1,
which indicated high degree of divergence. More than 10 per cent area has been under high
water requiring crops, which is much higher than the recommended cropping pattern. The
sugarcane and rice dominated due to their ability to fetch high economic returns (Nilkantha and
Mitra, 1986).

The different land classes had different cropping patterns based primarily on soil-water-crop
relationship. As the land irrigability classes differ, the choice of crops also differs. The
suggested and actual cropping patterns under different land irrigability classes are given in Table
2. Under the suggested cropping based on soil-water relationship, the choice of crops becomes
limited as the land irrigability class sequence increased Infect, the choice of crop and cropping
intensity have become limited. The land irrigability class V is at all not suitable for irrigation.
The high water requirement crops like sugarcane and rice were grown in all the classes of land,
which was basically violation of scientific norms i.e., choice of crop and cro intensity based on
soil-water-crop relationship. The land irrigability classes Il and IV are suitable only for
seasonal crops, whose water requirement is relatively lesser. The internal drainage of land
irrigability class Il and IV is poor to very poor. The introduction of high water requirement
crops under such land, will result in accumulation of water in sub-soil strata causing rise of water
table. The artificial drainages is required where internal drainage is poor (Benoit Lesafre, 1992).
By adopting recommended cropping pattern, land has to be kept fallow for one to two seasons.
Such remedies measures are not being taken at al at any place in canal command area under
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study. The land, which is not suitable for irrigation, has also been brought under irrigation. This
has caused very adverse effect on plant-soil-water relationship.

Crops Productivity under Different Land Irrigability Classes and Soil

Degradation Levels

The productivity in terms of output per ha of various crops under different canal commands
showed decline in yields with increase in land irrigability class sequence (Table-3)
simultaneously, land degradation also exhibited sharp increase with the increase in land
irrigability class sequence. The maximum yield is obtained under normal soil condition of land
irrigability class | and Il which is very close to targeted yield of 4-5 t/ha Under National
Demonstrations as fixed by National Commission on Agriculture (Rolsert 1992). The National
Demonstration is predominately held on ideal soil condition (i.e. land irrigability class Il and ).
The minimum yield is obtained in severely degraded soils of land irrigability class V. The
required yields under land irrigability class Il is obtained only by better and efficient
management practices. The occurrence of moderate and severe degradation under land
irrigability class Il is due to natural land heterogeneity. The land irrigability classes Il and IV
indicated reduction in yield level as well as increase in soil degradation level. The average yield
of crops under land irrigability classes 111 and 1V is half of the average crop yield obtained under
land irrigability class I and Il. This indicates that the inclusion of land irrigability classes 11, IV
and V reduce the crop yield drastically. It is due to adaptation of high water requirement crops
along with high cropping intensity (300 per cent). The land irrigability classes Ill, IV and V are
not suitable for high water requiring crops because high cropping intensity results into
accumulation of water in sub-soil profile causing rise in water table and if the ground water is
saline, it leads to secondary salinisation. If the existing canal irrigation is used only for land
irrigability class | and Il, the present level of crop production would have been much higher
(nearer to double) without degradation of environment and sustainability of production could
have also been maintained. The higher production at low cost could maintained food security.
The area required for food security would be nearly half of the present level.

Unit Cost of Production

The sustainability and economic viability of agriculture in long-term depends upon the efficient
utilization of natural resources like soil and water. The unit cost of production reflects how
efficiently natural resources (soil and water) have been used. The unit cost of production at cost
C level increased with increase in land irrigability class sequence coupled with increase in the
degree of soil degradation level (Table 4). The cost of production under land irrigability class I to
marginal level of land irrigability class Il is far below as compared to unit cost under other land
irrigability class IV to V. Therefore, crop production under land irrigability class | and Il, where
the unit cost of production is likely to be much lower, is the indicator of sustainability. The land
irrigability classes IV and V are often subjected to economic and technical constraints for crop
production (Donald, 1980). The land irrigability class Il that is marginally economical had
either soil-depth or internal drainage or both constraints, which adversely affected the production
performance. Therefore, the inclusion of land irrigability classes IlI, IV and V have led to
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increase in the unit cost of production, which is much higher than average cost of production. As
mentioned earlier, if the canal irrigation potential could be limited to land irrigability classes I
and 11, the average unit cost of production is would have been much lower than the present level.
The lower cost of production of these crops would definitely boost exports of sugar and rice in
the world market. More over higher crop production coupled with low per unit production cost
and eco-friendly environment, canal irrigation under land irrigability classes | and Il will also
prevent from the secondary Stalinization.

Measure of Profitability

The effects of soil degradation and land irrigability classes can further visualized from
measurement of profitability. The net incomes were worked out and are presented in Table 5.
Maximum net income generated by land irrigability class I and minimum by severely degraded
soils of land irrigability class IV and V. The net incomes under moderately and severely
degraded soils under land irrigability classes Ill, IV and V registered net losses in all most all
crops. The reason for cultivation of such soils is that it generated some amount of farm business
income (not shown in tables). In some cases, although even farm business with huge energy
input in form of family labour, crops protecting chemical and also crops production increasing
chemical. In some cases even small farm income also could not be generated, yet the farmers are
found to cultivating crops.  The main reason for cultivation of some crops may be due to
retention of the title of the lands on their names otherwise the farmers may loose the land as per
the state rule for retention.

Employment

The labour use under different land irrigability classes and soil degradation levels is set in Table
6. The labour use decreased with increase in land irrigability classes and soil degradation levels.
The use of hired labour in moderate and severely degraded soils of land irrigability class 111 and
IV is due to fact that certain operation has to be performed in time. For example, the
transplanting of rice seedlings and removal of weeds are to be performed within a time frame. In
case of sugarcane, sugar factory performs the transplanting of seed and harvesting of sugarcane.
The labour charges for other cropping operation are to be met by the farmers. The agricultural
sector is already facing a serious threat of unemployment and under employment. Therefore, it
should be of serious concern for planner to devise strategies so that favorable production
environment can be maintained and the rural sector continues to explore more avenues for
employment instead of contributing to the already existing challenge of unemployment.

ISSUES RELATED WITH RECLAMATION TECHNOLOGY

Reclamation Technology

The reclamation of salt affected soil depends upon the nature of salts. There are three types of
salt affected soils viz., alkali or sodic, saline (naturally) and waterlogged soils. The reclamation
of alkali or sodic soils could be done by the application of gypsum.

The saline reclamation technology is depends upon the quality of ground water and nature of
saline soils i.e. waterlogging with good quality of ground water, waterlogging with poor quality
of ground water and salinity. The waterlogging with good quality of ground water can easily be
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controlled by vertical drainage (construction of tube well). However, the reclamation technology
of waterlogged saline and saline soils is through sub-surface drainage and leaching of salts,
respectively.

(Sub-Surface Drainage: The nature of reclamation technology depends upon the quality of
ground water. The reclamation technology for waterlogged saline soils (having saline
groundwater) requires sub-surface systems. Drainage removes excess salts and water from the
root zone of crops through leaching to create favourable conditions for crop production. Several
studies (Joshi et al., 1987) indicated that the sub-surface drainage system is feasible. The crops
grown under sub-surface drainage, as reported by Joshi et al. (1987) indicated that the cotton-
wheat; cotton-barley; bajra-mustard; and bajra-wheat were the suitable rotations. The potential
and existing saline and waterlogged areas need appropriate choice of crops as a strategy for
prevention of further spread of the problems as well as for their reclamation. The crops which
require low to moderate amount of water with some degree of salt tolerance are suggested for
these soils. In the absence of the right choice of crops and their appropriate area allocation, the
efficiency of the drainage systems in controlling the salinity and waterlogging will be far below
the expectation. The success of any sub-surface drainage systems therefore depends upon the
adoption of seasonal crops. If the recommended cropping pattern is followed strictly in the land
irrigability class 11l and 1V i.e., if only seasonal crop(s) are grown, the twin problems of salinity
and waterlogging would never be arise.

Dhawan (1994) raised the question as to where the problem will appear and at what time?
However, he has pointed out that it depends upon the pre-canal depth to water table, drainability
of soils, conjunctive irrigation practices, proximity of fields to main canals, etc. From the above
discussion, it is clear that the salinity and waterlogging will appear in lands comprising land
irrigability class 111, IV and V. The land irrigability class V soils has severe drainage problem.
The land irrigability class IV comprises poorly drained soils, while land irrigability class V
comprises imperfect drained soils. Land is heterogeneous in nature. The association of land
irrigability class Ill, IV and V with land irrigability class | and Il occurs in small area/pockets.
Hence the problem of salinity and waterlogging will appear only in pockets in land irrigability
class Il.

(i) Leaching of Salts: The leaching of salts from waterlogged natural saline soils can be
accomplished through sub-surface drainage. The leaching of salts from saline soils is possible by
bunds the fields of small size. These bunds fields have to be filled by fresh water and then only
salt tolerant rice has to be grown for first two years. The salt leaches out within two years time
and farmers presume that the land has been reclaimed fully. Subsequently, farmers adopt rice -
wheat rotation. This leads to rise in water table. These saline soils belong to land irrigability
classes Ill, 1V and V which are not suitable at all for rice cultivation. The lands which are
initially saline turn into waterlogged saline soils. Hence the methods of salt leaching in such
situation are not workable to desired extent.
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WATER MANAGEMENT PRACTICES

Several water management practices have been advocated for controlling the salinity and water
logging. These practices included use of sprinkler irrigation, drip irrigation system etc. Rice
requires stagnant water and sugarcane also needed nearly 200 mm?® water. The question arises as
to how the sprinkler and drip irrigation systems are feasible to meet the water requirement for
production of these crops. The application of low quantity of water to any crop would leads to
reduction in vyields. It is reported (Satyasai and Viswanathan, 1997) that under sprinkler
irrigation system, which is more useful under water scarce areas, more area can be brought under
irrigation. Narayanmoorthy (1997) reported that under drip irrigation system, expenditure is
increased on weeding, fertilizer and irrigation. It is a well known fact that reduction in intensity
of weed resulted into increase in the crop yield. However, it still not clear whether it is due to
improvement of crop-water relationship or due to control of weeds. Drip and sprinkler irrigation
systems cannot be used for rice and other high water requirement crops. Under these systems of
irrigation yield of sugarcane is also reduced (Satyasai and Viswanathan, 1997). Hence these
methods of water management cannot be generalized for all the crops. No study is available for
arid region where high evapo-transparents process is exits. Therefore, it cannot be generalized
for all the crops as well as for all the regions.

Tanks and Ponds:

Inadequate storage of water in the irrigation systems has been recognized as one of the major
factors contributing to the low utilization of water resources. The success of any irrigation
project depends upon the efficient use of water which depends upon the conservation of rain
water during monsoon and its utilization in dry season. Irrigation tanks and ponds, which used
conjunctively with canal irrigation, function as storage reservoirs into which surplus water could
be diverted. The same could be utilized during periods of scarcity. The mahor tanks in the Mahi
Right Bank Canal Command Area are Pariaj, Daloli, Salla, Kenewal, Tranja, Narda and Bhndrey.
The silent features of these tanks are presented in Table 7. All these tanks are fed by feeder
canals from the MRBC systems.

In spite of the existence of a number of large tanks in the MRBC command area, their effective
utilization is reported to be poor. The irrigated areas under the command of the tanks have been
declining. Problems of water logging have been attributed to be the major cause of low
utilization of tanks because these tanks are located in land irrigability classes Ill, IV and V. The
main constraint of these soils is internal drainage. The internal drainage of the soils in the
command area of tanks is imperfect to poor in nature. The height of these tanks os 2 to 4 m from
the ground level. The ground water is also saline. Few thousands ha of land have become
completely barren and in the remaining lands productivity has been reduced considerably. The
area which is marginally suitable fro crop production and has been confronted with technical and
commercial constraints for irrigation purpose, the large water storage tank will certainly create
salinity and water logging problem.
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15. Table 1: Suggested and Actual Cropping Pattern in Canal Command Areas (,000

Ha)
Cropping pattern
Crop Suggested Actual
UK MRB UK MRB

Perennial* 46.8 7.7 162.4 13.3
Rice 79.8 45.8 45.7 75.1
Vegetable 25.2 - 5.6 -
Jowar, bajra and other kharif pulses 42.9 39.2 1.4 14.0
Wheat 49.2 52.2 7.3 10.7
Cotton 70.9 13.1 8.8 -
Tobacco - 13.1 - 24.7°
Oilseed 25.9 - 7.3 3.7
Jowar and bajra** - 15.4 - 0.8
Miscellaneous*** 30.0 26.2 19.8 9.1
Total 370.7 212.7 258.3 151.4

(100.0) (100.0) ||| (100.0)

*including banana, ** rabi crops, *** including fodder crops and including cotton crop.

Table 2: Suggested and Adopted Cropping Pattern Based on Land Irrigability Classes in the
Canal Command Area

Land Cropping pattern
irrigability | Suggested Adopted by farmers
class UKB KL MRB
I High water requirement/ SR,C, and | - R,W,B(K),T,
perennial P. B.(S) and G(S)
] Light water requirement -do- Sand R | -do-
i Two season crops -do- -do- -do-
v One season crop -do- -do- RW,B(K), B(S)
and G(s)

\ Not suitable for irrigation Cand P. - R,W and B(K)
Where S = Sugarcane W = Wheat B(S) = Bajra (summer)

R = Rice P = Pigeon pea B (K) = Bajra (kharif)

C = Cotton T = Tobacco G(S) = Groundnut (summer)
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Table 3: Production Performance of Different Crops under Different Land Irrigability Classes
and Soil Degradation Levels

Crop/soil Land irrigability class
degradation
| 1l I | IV |V Average
UKRB
Sugarcane
Normal 106.00 90.23 81.90 - - 88.07
Marginal - 60.68 56.83 - - 59.72
Moderate - 52.90 44.48 36.47 - 42.55
Severe - - 36.66 25.58 - 29.97
Average 106.00 72.73 55.28 34.05 - 56.94
Cotton
Normal 25.05 21.74 15.16 - - 20.45
Marginal - 18.99 - - - 18.99
Moderate - 11.63 5.69 4.54 - 6.45
Severe - - 3.72 2.63 1.79 3.02
Average 25.05 17.11 6.31 3.78 1.79 8.41
Rice
Normal 36.34 25.81 19.82 - - 27.38
Marginal - 23.71 - - - 23.71
Moderate - 17.78 11.68 8.08 - 10.95
Severe - - 4,22 414 421
Average 36.34 23.00 9.44 6.86 - 12.51
Pigeonpea
Normal 14.82 12.26 11.68 - - 12.55
Marginal - 7.21 - - - 7.21
Moderate - 5.93 3.54 1.87 - 3.93
Severe - 3.84 3.08 1.86 2.05 2.83
Average 14.82 7.08 5.63 1.87 2.05 5.52
KL
Sugarcane
Normal - 98.29 75.12 50.02 - 76.78
Marginal - - 61.75 41.99 - 46.93
Moderate - 52.59 42.21 29.78 - 41.43
Severe - - 22.93 17.91 - 21.44
Average - 72.37 42.07 32.21 - 44.52
Rice
Normal - 34.75 23.83 15.84 - 23.93
Marginal - 22.23 18.47 - - 20.40
Moderate - - 13.74 8.19 - 12.27
Severe - - 6.91 4.36 - 5.87
Average - 26.31 16.55 9.01 - 15.00
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MRB
Rice
Normal 42.60 34.65 - - - 40.06
Marginal - 26.64 17.90 - - 20.47
Moderate - 18.30 12.55 10.27 9.30 13.29
Severe - 15.15 9.70 7.33 6.80 7.93
Average 42.60 22.08 12.43 8.54 7.91 17.09
Wheat
Normal 21.70 16.15 14.17 - - 20.61
Marginal - - 11.04 - - 11.04
Moderate - 10.76 8.26 4.64 3.47 6.64
Severe - 10.25 6.44 3.97 2.95 4.95
Average 21.70 11.25 8.56 4.28 3.21 5.34
Bajra (Kharif)
Normal 17.91 14.45 - - - 17.45
Marginal - 11.85 - - - 11.85
Moderate - - 7.84 6.25 4.12 5.61
Severe - 7.59 - - - 7.95
Average 17.91 11.86 17.84 6.25 4.12 13.99
Bajra (summer)
Normal 21.90 18.07 - - - 20.91
Moderate - 14.04 11.40 9.88 - 12.47
Severe - 11.90 10.73 6.69 - 9.87
Average 21.90 15.79 11.13 8.29 - 17.95
Tobacco
Normal 19.67 12.80 13.68 - - 18.90
Marginal - 10.85 7.62 - - 8.13
Moderate - 8.35 5.91 - - 7.58
Severe - 6.14 - - - 6.14
Average 19.67 8.79 9.53 - - 16.37
Groundnut
(summer)
Normal 17.08 14.51 11.58 - - 16.01
Marginal - - 9.80 - - 9.80
Moderate - 8.56 7.48 3.86 - 7.41
Severe - 6.39 5.09 3.01 - 4.27
Average 17.08 14.49 8.64 3.29 - 10.57

*Yield of sugarcane in t/ha
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Table 4: Unit Cost of Production of Different Crops under Different Land Irrigability Classes
and Soil Degradation Level at Cost C.

Crop/soil Land irrigability class
degradation

| [ 1l I | IV |V Average
UKRB

Sugarcane*
Normal 187.85 201.02 214.80 - - 205.72
Marginal - 237.61 253.32 - - 251.72
Moderate - 260.82 284.47 - - 284.36
Severe - - 303.06 455,32 - 381.62
Average 187.85 220.76 277.13 455,32 - 275.78
Cotton
Normal 389.06 421.20 537.27 - - 426.75
Marginal - 44517 - - - 445.17
Moderate - 585.30 890.51 1119.36 - 843.60
Severe - 1047.69 1485.63 1910.51 1258.09

Average 398.06 484.85 860.63 1174.12 1910.51 715.78

Rice

Normal 158.37 177.52 215.89 - - 183.05
Marginal - 188.18 - - - 188.18
Moderate - 236.86 299.89 381.41 - 314.25
Severe - - 552.87 546.31 545.62
Average 158.37 203.98 362.05 422.93 - 311.40
Pigeonpea
Normal 311.67 318.67 325.71 - - 322.03
Marginal - 363.80 - - - 363.80
Moderate - 412.16 644.05 1010.84 - 547.96
Severe - 551.39 681.39 887.69 960.50 726.78
Average 311.67 395.81 511.19 950.93 960.50 466.59
KL
Sugarcane*
Normal - 248.53 275.56 337.02 - 273.19
Marginal - - 305.07 412.06 - 378.86
Moderate - 333.13 386.50 458.28 - 384.41
Severe - - 606.40 640.12 - 614.82
Average - 275.25 363.30 438.94 - 352.89
Rice
Normal - 207.19 216.36 232.57 - 219.23
Marginal - 217.00 235.75 - - 226.76
Moderate - - 278.49 324.10 - 286.69
Severe - - 345.23 394.34 - 367.44
Average - 211.93 249.14 265.61 - 246.17
MRB
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Rice

Normal 171.01 178.05 - - - 173.26
Marginal - 186.17 246.92 - - 229.05
Moderate - 248.09 300.63 326.70 352.88 302.70
Severe 267.27 333.37 400.95 427.21 375.05

Average 171.01 236.97 302.84 376.96 394.31 399.48

Wheat

Normal 242.04 283.25 311.84 - - 289.57
Marginal - - 313.66 - - 313.66
Moderate - 355.03 350.07 527.88 565.68 450.15
Severe - 352.22 384.61 576.67 704.70 543.50
Average 242.04 336.56 351.80 555.76 635.19 432.04
Bajra (Kharif)

Normal 12491 138.23 - - - 126.69
Marginal - 148.36 - - - 148.36
Moderate - - 193.14 208.38 245.75 209.91
Severe - 212.87 - - 212.87

Average 124.91 174.00 193.14 208.38 245.75 130.14

Bajra (summer)

Normal 144.19 158.43 - - - 147.19
Moderate - 173.61 186.82 204.92 - 183.23
Severe - 196.27 191.45 256.45 - 212.40
Average 144.19 168.85 188.67 230.68 - 162.49
Tobacco

Normal 578.43 666.53 699.16 - - 592.97
Marginal - 686.02 866.44 - - 837.95
Moderate - 832.98 987.20 - - 969.40
Severe - 933.22 - - - 933.22
Average 578.43 793.52 792.95 - - 613.52
Groundnut

(summer)

Normal 427.27 420.98 508.30 - - 438.70
Marginal - - 544.31 - - 544.31
Moderate - 564.83 560.13 805.35 - 590.26
Severe - 643.14 609.88 916.13 - 747.87
Average 427.27 532.50 544.31 873.73 - 500.27

* cost of production per tonne.

Page | 179



WEFS Nexus

Table 5: Net Income from Different Crops under Different Land Irrigability Classes and Soil
Degradation Levels.

Crop/soil Land irrigability class
degradation
| [ 1l I | IV |V Average
UKRB
Sugarcane
Normal 22489.10 | 17953.66 | 15168.04 |- - 17110.01
Marginal - 9853.61 7967.34 - - 9209.93
Moderate - 6693.18 4078.54 2258.08 - 2879.47
Severe - - 2637.15 -2054.71 | - -598.36
Average 22489.10 | 12308.65 | 6239.25 479.57 - 6503.47
Cotton
Normal 9718.10 8235.05 3982.97 - - 7632.88
Marginal - 6738.27 - - - 6738.27
Moderate - 2796.96 -800.01 -1676.91 | - -410.26
Severe - - -1107.41 | -1603.17 |-2077.81 |-1534.43
Average 9718.10 6392.21 -508.76 -1633.17 | -2077.81 | 540.29
Rice
Normal 4231.13 2385.93 1072.43 - - 2400.55
Marginal - 2029.61 - - - 2029.61
Moderate - 756.17 -314.73 -898.98 - -473.44
Severe - - -1156.12 | -1112.72 -1124.07
Average 4231.13 1923.52 -819.38 -920.33 - -522.12
Pigeonpea
Normal 5590.42 4062.11 3787.71 - - 4115.98
Marginal - 2063.49 - - - 2063.49
Moderate - 1410.39 21.05 -674.78 - 397.97
Severe - 378.66 -98.21 -442.11 -636.52 -217.28
Average 5590.42 1799.64 782.02 -564.63 -636.52 1012.42
KLB
Sugarcane
Normal - 20411.47 | 13298.52 | 7904.72 - 14257.73
Marginal - - 8950.03 1593.12 - 3432.35
Moderate - 5596.07 2313.36 -253.26 - 2398.82
Severe - - -1719.95 |-3364.70 |- -2207.28
Average - 13439.51 | 4515.69 885.02 - 5089.03
Rice
Normal - 2462.57 1015.44 554.96 - 1009.13
Marginal - 1333.68 645.54 - - 956.39
Moderate - - -55.60 -38.01 - -52.40
Severe - - -488.53 -562.23 - -524.13
Average - 1817.49 286.34 119.20 - 398.08
MRB
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Rice

Normal 5674.80 3965.23 - - - 5129.19
Marginal - 2111.17 488.52 - - 965.77
Moderate - 427.48 -367.81 -633.92 -820.58 -260.14
Severe - 20.40 -580.15 -900.03 -1108.74 | -623.66
Average 5674.80 1317.78 -286.88 -790.46 -956.18 679.25
Wheat

Normal 2714.09 1604.97 1000.97 - - 2481.17
Marginal - - 277.74 - - 277.74
Moderate - 289.99 -589.85 -715.92 -775.14 -488.18
Severe - 192.28 -660.53 -853.06 -913.87 -697.06
Average 2714.09 425.86 -358.64 -789.76 -844.51 15.53
Bajra (Kharif)

Normal 2240.28 1615.10 - - - 2156.92
Marginal - 1179.53 - - - 1179.53
Moderate - - 445.77 220.14 -81.50 218.73
Severe - 281.84 - - - 281.84
Average 2240.28 946.42 445.77 220.14 -81.50 1549.05
Bajra (summer)

Normal 3194.62 237751 - - - 3665.70
Moderate - 1634.16 1176.25 840.63 - 1349.27
Severe - 1344.50 1057.48 224.38 - 893.66
Average 3194.62 1969.63 1128.74 532.57 - 2133.46
Tobacco

Normal 5596.87 2637.96 3531.82 - - 5301.39
Marginal - 1468.98 -133.76 - - 814.06
Moderate - 289.38 -345.20 - - 149.47
Severe - -817.36 - - - -817.36
Average 5596.87 1810.08 1256.40 - - 3156.02
Groundnut

(summer)

Normal 5512.75 4229.93 2798.92 - - 4979.42
Marginal - - 2015.75 - - 2015.75
Moderate - 1583.06 1420.25 -406.64 - 1564.50
Severe - 682.85 458.72 -500.03 - -25.10
Average 5512.75 1933.59 1629.45 -468.90 - 2550.59
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Levels.
Crop/soil Land irrigability class
degradation
| [ 1l I | IV |V Average
UKRB
Sugarcane
Normal 94.6(79.2) | 80.5(71.4) | 71.3(67.3) | - - 88.4(72.3)
Marginal - 69.3(55.1) | 64.1(46.7) | - - 67.2(51.7)
Moderate - 62.8(45.8) | 55.2(39.8) | 47.8(30.8) | - 54.8(43.3)
Severe - - 44.3(33.8) | 42.1(28.9) | - 42.9(29.9)
Average 94.6(79.2) | 74.1(60.1) | 58.3(45.7) | 45.8(30.1) | - 61.2(42.7)
Cotton
Normal 77.5(63.3) | 70.1(54.7) | 58.7(46.2) | - - 71.6(57.1)
Marginal - 62.7(52.6) | - - - 62.7(52.6)
Moderate - 48.5(35.9) | 39.6(24.7) | 31.7(13.7) | - 37.1(21.6)
Severe - - 31.7(18.1) | 22.5(11.4) | 18.9(8.1) | 21.6(10.5)
Average 77.5(63.3) | 60.5(44.9) | 44.1(32.7) | 24.5(12.3) | 18.9(8.1) | 42.9(28.3)
Rice
Normal 57.4(44.8) | 48.3(32.8) | 41.1(29.9) | - - 47.3(39.8)
Marginal - 44.4(30.2) | - - - 44.4(30.2)
Moderate - 36.9(26.7) | 29.7(22.9) | 18.7(10.8) | - 29.1(18.9)
Severe - - 21.1(14.1) | 15.3(6.8) 17.8(9.3)
Average 57.4(44.8) | 43.3(31.6) | 28.3(23.1) | 16.7(8.1) | - 38.5(26.7)
Pigeon pea
Normal 44.5(30.4) | 34.8(27.0) | 32.7(24.5) | - - 36.7(26.8)
Marginal - 31.5(20.9) | - - - 31.5(20.9)
Moderate - 28.9(18.9) | 21.6(12.3) | 16.5(9.5) | - 23.1(12.1)
Severe - 24.7(14.6) | 19.1(11.5) | 16.2(7.5) | 17.5(5.2) | 18.3(9.1)
Average 44.5(30.4) | 30.4(20.1) | 22.9(12.1) | 16.3(8.1) | 17.5(5.2) | 26.9(17.3)
KL
Sugarcane
Normal - 91.2(67.2) | 74.8(61.5) | 60.1(43.5) | - 76.6(54.3)
Marginal - - 70.2(51.7) | 57.7(48.6) | - 68.3(49.4)
Moderate - 59.1(40.5) | 55.8(38.5) | 49.1(34.4) | - 54.8(37.9)
Severe - - 43.4(27.4) | 34.7(20.8) | - 40.8(25.4)
Average - 76.1(54.6) | 62.9(39.1) | 49.4(34.0) | - 58.8(40.4)
Rice
Normal - 58.7(35.9) | 53.9(34.0) | 34.5(19.9) | - 47.6(29.3)
Marginal - 46.1(30.9) | 44.1(25.3) | - - 45.0(27.7)
Moderate - - 36.8(17.5) | 26.8(9.1) | - 33.3(14.6)
Severe - - 26.0(12.4) | 18.0(5.5) |- 25.3(10.4)
Average - 51.7(33.1) | 40.7(23.0) | 28.4(13.6) | - 41.4(21.4)
MRB
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Rice

Normal 56.1(40.9) | 51.0(34.8) | - - - 54.5(38.9)
Marginal - 45.5(29.5) | 42.9(21.1) | - - 43.7(26.1)
Moderate - 41.1(23.2) | 35.7(18.8) | 29.8(17.5) | 28.9(14.9) | 36.3(18.5)
Severe - 36.8(19.0) | 31.3(17.0) | 28.6(16.4) | 27.1(9.9) | 29.8)13.9)
Average 56.1(40.9) | 46.7(27.3) | 35.4(17.7) | 29.1(16.6) | 29.0(13.3) | 37.8(19.5)
Wheat

Normal 42.1(29.1) | 39.6(22.9) | 43.5(20.5) | - - 42.1(28.1)
Marginal - - 35.6(16.1) | - - 35.6(16.1)
Moderate - 38.2(18.3) | 24.8(9.5) | 25.3(11.2) | 23.5(6.7) | 27.1(10.3)
Severe - 31.3(18.9) | 25.8(9.1) | 27.0(9.0) | 23.9(7.1) | 25.5(7.7)
Average 42.1(29.1) | 39.3(19.6) | 28.9(15.1) | 26.3(10.9) | 23.7(6.9) | 30.7(13.8)
Bajra (Kharif)

Normal 20.0(10.4) | 18.9(8.6) | - - - 19.3(10.2)
Marginal - 17.9(8.4) |- - - 17.9(8.4)
Moderate - - 12.3(6.0) |13.2(4.3) |10.1(3.1) | 12.7(4.9)
Severe - 16.0(5.0) |- - - 16.0(5.0)
Average 20.0(10.4) | 17.3(9.0) |12.3(6.0) | 13.2(4.3) |10.1(3.1) | 16.8(8.1)
Bajra (summer)

Normal 25.2(11.6) | 22.3(9.1) |- - - 25.0(11.4)
Moderate - 20.2(7.3) |18.6(5.9) |19.4(4.0) |- 19.3(6.2)
Severe - 17.8(5.3) |16.0(4.5) |19.4(2.9) |- 18.3(5.0)
Average 25.2(11.6) | 21.2(8.6) |17.7(5.8) |19.4(3.1) |- 22.6(9.0)
Tobacco

Normal 69.3(51.2) | 66.5(42.9) | 57.5(38.6) | - - 68.1(42.6)
Marginal - 61.3(38.2) | 51.5(35.5) | - - 58.5(36.2)
Moderate - 50.8(34.1) | 39.1(24.9) | - - 47.6(26.6)
Severe - 42.9(20.7) | - - - 42.920.7)
Average 69.3(51.2) | 57.9(33.3) | 44.9(26.6) | - - 62.7(44.3)
Groundnut

(summer)

Normal 36.6(23.6) | 31.4(19.4) | 26.4(17.1) | - - 34.5(22.9)
Marginal - - 29.1(17.8) | - - 29.1(17.8)
Moderate - 23.3(11.6) | 20.2(9.3) | 17.6(9.7) |- 22.5(13.2)
Severe - 20.5(10.3) | 19.2(11.3) | 16.8(8.6) | - 18.0(9.5)
Average 36.6(23.6) | 25.6(16.8) | 20.9(13.1) | 17.2(8.9) | - 24.9(12.7)

Parenthesis indicated number of hired labour
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Table 7: Salient Features of Some of the Irrigation Tanks in MRBC Command Area.

Name of | Gross Culturable | Irrigated Capacity | FSL m Land

Tank Command | command | area (ha.) | m.cu.m irrigability
area (ha.) | area (ha.) class

Pariaj 457 378 354 10.889 8.99 V

Daloli 598 504 404 1.694 15.54 \Y

Salla 191 191 124 0.972 21.95 \Y

Kenewal | 1866 1764 1411 16.500 13.72 \Y

Tranja 280 276 - - 23.47 \Y

Narda - - 118 0.574 18.14 \Y/

Bhandrej | - - 138 1.142 16.50 i
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STATUS OF FOOD SECURITY
IN MANIPUR

Dealluck Irengbam,

Research Scholar,

Singhania University,

Pacheri Bari (Jhunjhunu), Rajasthan

ABSTRACT

Food is a basic need and every citizen of the country should have access to food which provides
minimum nutritional level. Manipur, an isolated hill-girt state is a charming place encircled by
nine hill ranges on all sides with a small and beautiful oval shaped valley at the centre. Manipur
has witnessed low economic growth in last one decade, low total production of food grain at the
state level. People are being forced off their land due to erosion, low yields and high levels of
indebtedness. Food Security is a chronic problem in Manipur. There can be no food security
without the security of the small farmers. Innovation strategic interventions are the needs of the
hour to ensure food availability, food access and affordability. If government provides proper
agricultural infrastructure, credit linkages and also encourages the use of latest techniques

INTRODUCTION

Manipur is an isolated hill-girt state stretching between 92 ° 58’ E to 94°45°E longitudes and
23°50°N to 25°42°N latitudes. It is a charming place encircled by nine hill ranges on all sides
with a small and beautiful oval shaped valley at the centre. The state has 352 km long
international border with Burma (Myanmar) to the south-east and 502 kms long border with the
adjacent states of Nagaland on the north, Cachar District of Assam on the West and Chin Hill
(Myanmar) and Mizoram on the south and the south-west and Surma Tract and upper Chindwin
of Myanmar(Burma) on the East. It has a geographical area of 22327 sq. kms which constitutes
0.7 per cent of the total land surface of India. Ninety per cent of the total geographical area of the
state i.e 20,089 sg. kms is covered by hills, the remaining area is a small valley covering only
2,238 sg. kms and accounting for only one-tenth of the total area of the state.

According to 2011 census, the population of the state is 27.24 lakhs registering a population
density of 122 per sq. km. The population of state has increased by 4.27 lakhs during the decade
2001 to 2011. There is apparent disparity in the level of income and consumption between the
rich and the poor, between the urban elite and the rural poor, between the haves and haves- not
and between the public living in the hills and in the valley.

People are being forced off their land due to erosion, low yields and high levels of indebtedness.
Food Security is a chronic problem in Manipur.

Food Security implies access by all people at all times to sufficient, safe and nutritious food to
meet their dietary needs and food preference for an active and healthy life.
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DIMENSIONS OF FOOD SECURITY
Food is a basic need and every citizen of the country should have access to food which
provides minimum nutritional level.

» Physical availability of food means food production within the state, food imports and
the previous year’s stock stored in government go-down.

»  Physical accessibility to food means food is within reach of every person.

> Affordability implies that an individual has enough money to buy sufficient, safe and
nutritious food to meet one’s dietary needs.

» Stability of the other three dimensions over time: access on a periodic basis. Weather,
political conditions, or economic factors (unemployment, rising food prices) have an
impact on food security status.

Manipur has witnessed low economic growth in last one decade, and low total production of
food grain at the state level.

AGRICULTURE PRODUCTION

Permanent cultivation is generally practiced in the valley districts, while terrace cultivation is
practiced in some pockets of the hills where jhuming or shifting cultivation is widely adopted in
most of the hill districts. Rice is the staple food of Manipur and is grown in both the hill and
plain areas. Rice continues to dominate acreage of the crops with 166.15 thousand hectares
(68.77 per cent of cropped area in the State) in 2007-08 as against 165.37 thousand hectares
(70.22 per cent) in 2006-07. Area under cereals was 169.11 thousand hectares (70.00 per cent) in
2007-08 as against 168.71 (71.64 per cent) in 2006-07 and 161.39 (77.73 per cent) in 1999-00.
The area under pulses was 12.51 thousand hectares or 5.18 per cent of the cropped area of the
State in 2007-08 as against 10.57 thousand hectares or 4.49 per cent in 2006-07. The food-grains
alone accounted for 75.18 per cent of the sown area during the year 2007-08. While 0.86 per cent
area was occupied by oilseeds and the remaining 23.96 per cent area was occupied by Cotton,
Sugarcane and Others. It means that all the crops are increasing yearly. The following below
table gives an idea of the cropping pattern of Manipur.

AVAILABILITY

The food-grains production, estimated requirement and shortfall of the State is given in Table 2.
During 2000-01, the food-grain production was 395.75 thousand tonnes thereby showing an
increase from the previous year of 378.92 thousand tonnes in 1999-00. The food- grain
production was up and down increasing yearly. In 2007-08, the food-grain production was
419.23 thousand tonnes. The requirement of food-grains for human consumption excluding
livestock/ poultry/seed/wastage etc. In the state would be of the order of 442.80 thousand tonnes
in 1999-00 and 448.34 thousand tonnes in 2000-01. The state requirement of every year was
increasing of household consumption of food grain in 2007-08 (516.29 thousand tonnes)
requirement. The shortfall of food-grains in the year 1999-00 was about 63.88 thousand tonnes
as against 97.06 thousand tonnes in 2007-08.
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Area : 000 hectares
Yield rate: kg/hectare
Production: ’000 tonnes

Year Name of Crops
Cereals | Pulses Oil Cotton Sugarcane Other Mis.Crops Total
seeds
1 2 3 4 5 6 7 8
1999-00 161.39 6.33 3.09 0.05 0.65 36.13 207.64
(77.73) (3.05) (1.49) (0.02) (0.31) (17.40) (100.00)
2000-01 | 161.66 6.19 3.24 0.06 0.74 36.81 208.70
(77.46) (2.97) (1.55) (0.03) (0.35) (17.64) (100.00)
2001-02 167.63 5.96 1.66 0.09 0.65 40.17 216.16
(77.55) (2.76) (0.77) (0.04) (0.30) (18.58) (100.00)
2002-03 156.65 7.80 2.62 * 0.32 47.81 215.20
(72.79) (3.62) (1.22) * (0.15) (22.22) (100.00)
2003-04 160.17 5.06 1.15 * 0.33 63.16 229.87
(69.68) (2.20) (0.05) * (0.14) (27.48) (100.00)
2004-05 179.53 9.23 2.13 * 0.30 50.47 241.66
(74.29) (3.82) (0.88) * (0.13) (20.88) (100.00)
2005-06 169.11 8.31 1.36 * 0.06 54.90 233.74
(72.35) (3.55) (0.58) * (0.03) (23.49) (100.00)
2006-07 168.71 10.57 1.94 0.21 0.50 53.56 235.49
(71.64) (4.49) (0.82) (0.09) (0.21) (22.75) (100.00)
2007-08 169.11 12.51 2.08 0.21 0.51 57.17 241.59
(70.00) (5.18) (0.86) (0.09) (0.21) (23.66) (100.00)

I.  For the years from 1999-2000 onwards, soya bean is excluded from pulses and included in oilseeds according to the CSO’s
classification of agricultural items.
Il.  Figures in Brackets are per centage shares to the respective total.

Source: Directorate of Economics and Statistics, Manipur.
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Figure 1 Estimated Cropping Pattern of Manipur from 1999-00 to 2007-08
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TABLE NO. 2 ESTIMATED PRODUCTIONS, REQUIREMENT AND SHORTFALL OF HOUSEHOLD CONSUMPTION OF
FOOD-GRAINS IN MANIPUR

(‘000 tonnes)

Year Production Requirement Short-fall

Cereals Pulses Food Cereals Pulses Food Cereals Pulses Food

grains grains grains

1 2 3 4 5 6 7 8 9 10

1999-00 375.69 3.23 378.92 429.13 13.67 442.80 53.44 10.44 63.88
2000-01 392.59 3.16 395.75 43451 13.83 448.34 41.92 10.67 52.59
2001-02 397.35 3.04 400.39 443.89 14.12 458.01 46.54 11.08 57.62
2002-03 343.94 3.13 347.07 452.94 14.41 467.35 109.00 11.28 120.28
2003-04 388.77 3.24 392.01 462.31 14.71 477.02 73.53 11.47 85.01
2004-05 444 83 4.49 449.32 471.73 15.01 486.74 26.90 10.52 37.42
2005-06 394.01 4.38 398.39 481.22 15.32 496.54 87.21 10.94 98.15
2006-07 397.44 5.24 402.68 490.76 15.62 506.38 93.32 10.38 103.70
2007-08 414.59 4.64 419.23 500.36 15.93 516.29 85.77 11.29 97.06

Source: Directorate of Economics and Statistics, Government of Manipur.
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Figure 2 Estimated production, requirement and shortfall of household consumption of
Cereals in Manipur

household consumption of Cereals

600
w
e
c 500 ————
2
e /\ ——
g 400 — \/
2
= 300
£
]
o 200
()}
(&)
k] 100 —
(]
2
0
1999-00 | 2000-01 | 2001-02 | 2002-03 | 2003-04 | 2004-05 | 2005-06 | 2006-07 | 2007-08
Production | 375.69 | 392.59 | 397.35 | 343.94 | 388.77 | 444.83 | 394.01 | 397.44 | 414.59
—Requirement | 429.13 | 434.51 | 443.89 | 452.94 | 462.31 | 471.73 | 481.22 | 490.76 | 500.36
Short-fall 53.44 | 4192 | 4654 | 109 | 7353 | 269 | 87.21 | 93.32 | 85.77

Food Access

Issues:

K/
L X4

Food Prices inflation
Public Distribution System
Budget share on total food.

K/
X4

D)

>

K/
*

State Income and Prices

State Domestic Product (SDP) is one of the most important economic indicators to measure the
growth and structural changes in the economy of the state. The estimates of SDP are prepared
both at constant and current prices. The estimates of SDP at constant prices reflect the growth in
production, while the estimates at current prices depict the combined effect of growth in
production as well as changes in price levels of goods and services produced. In here discuss

only at constant prices of GSDP and NSDP. The Gross State Domestic Product (GSDP) and Net

State Domestic Product (NSDP) of Manipur from 1999-00 onwards at constant prices is
presented in table.
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Table No. 3 Gross State Domestic Product and Net State Domestic Product of
Manipur, 1999-00 to 2007-08

(Rs. In lakhs)
Year At constant (1999-00) At constant (1999-00)
price prices
GSDP Growth per NSDP Growth per
cent cent
1 2 3 4 5
1999-00 326016 - 295411 -
2000-01 305323 (-) 6.35 276525 (-)6.39
2001-02 326087 6.80 293745 6.23
2002-03 324559 (-)0.47 292104 (-)0.56
2003-04 359822 10.86 324038 10.93
2004-05 394653 9.68 354002 9.25
2005-06 410315 3.97 366773 3.61
2006-07 431770 5.23 386591 5.40
2007-08 446417 3.39 399990 3.47
- Not Available

Source: Directorate of Economics and Statistics, Govt. of Manipur

Table reveals that the GSDP of Manipur State is continuously increasing over years. The GSDP
of Manipur at constant prices increased from Rs. 326016 lakhs in 1999-00 to Rs. 446417 lakhs in
2007-08. The growth rate between 1999-00 to 2007-08 is worked out to be 3.93 per centages for
constant price. The NSDP of Manipur at constant prices also increased from Rs. 295411 lakhs in
1999-00 to Rs. 399990 lakhs in 2007-08. The annual growth rate between 1999-00 to 2007-08 is
worked out to be 3.47 per centages for constant price.

Public Distribution System

Public Distribution System is an important constituent of the strategy for poverty alleviation.
PDS is operated under the joint responsibility of the Central and State Governments.PDS is a
programme which provides food grains and other essential commodities subsidized prices in
rural and urban areas. The State Govt. on their part will operate a network of fair prices fixed by
the Government will be provided to the target group. The Department procured PDS rice and
levy sugar from the central pool against the allocation made by the Government of India for
every month within a validity period. During the year 2006-07, 58.57 thousand tones of rice and
7.18 thousand tones of levy sugar and thousand tones of wheat were procured. The projected
target for procurement and distribution of PDS rice, sugar, and wheat are shown in below table.
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Figure 3: Per centages growth rate of GSDP and NSDP at constant prices
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Table No. 4 Procurement and Distribution of different commodities

Year Procurement (in thousand Distribution (in thousand tonnes)
tonnes)
Rice Wheat Sugar Rice | Wheat Sugar
1 2 3 4 5 6 7
1999-00 | 43.17 7.16 0.12 41.11 0.12 6.74
2000-01 | 27.01 7.77 - 22.61 - 6.73
2001-02 | 21.69 9.49 - 22.73 - 11.20
2002-03 | 39.93 5.97 9.25 4413 | 5.85 6.00
2003-04 | 43.92 3.38 21.16 42.05 | 20.86 3.34
2004-05| 35.78 3.39 16.72 33.69 | 16.72 3.43
2005-06 | 28.03 4.73 14.67 21.08 | 11.06 4.30
2006-07 | 58.57 7.18 8.35 50.75 | 5.75 6.51
- Not Available

Source: Annual Administrative Report, F.C.S., Manipur

Table 4 explained that the distribution of Rice, Wheat and Sugar though the PDS was continued
during the year 2006-07 in the State. During the year 2006-07, 50.75 thousand tonnes of rice,
5.75 thousand tonnes of Wheat and 6.51 thousand tonnes of sugar were distributed though PDS
in the State. During the year 1999-00, 41.11 thousand tonnes of rice, 0.12 thousand tonnes of
wheat and 6.74 thousand tonnes of sugar were distributed thought PDS in the State.
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Targeted Public Distribution System:
PDS more responsive to the needs of the poor, the Government of India introduced TPDS

(Targeted Distribution System) from 1% June, 1997 and the same have been implemented in
Manipur w.e.f. 1% September 1997. This system attempts to target families below poverty line
(BPL) at heavily subsidized rates. The district-wise numbers of households below and above
poverty line for the year 2007-08 are shown in Table 5.

TABLE 5: FAMILIES BELOW POVERTY LINE AND ABOVE POVERTY LINE OF THE
MANIPUR STATE DURING 2007-08

Number of Households
District
Below Poverty Line Above Poverty Line Total
1 2 3 4
Senapati 11362 36016 47378
Tamenglong 4395 11270 15665
Churachandpur 9881 23109 32990
Chandel 4180 11869 16049
Ukhrul 6240 14264 20504
Imphal East 17651 40318 57969
Imphal West 21438 45001 66439
Bishnupur 10298 21150 31448
Thoubal 16955 37596 54551
Manipur 102400 240593 342993

Source: Annual Administrative, Report, 2007-08, Food and Civil Supplies Department,
Government of Manipur.
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Figure 5: Below Poverty Line and Above Poverty Line of the Manipur District during 2007-08
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BUDGET SHARE ON THE TOTAL FOOD
The number of authorized fair price shops in the state in 1999-2000 was 1927 and 2000-01 to
2006-07 were 2551 continuously constant. The distribution of food grains though the public
distribution system during 2001-02 was 35 kgs. per family per month in the Below Poverty Line
(BPL) group. In Manipur state’s the difficult terrain and sparse population in the hill areas, it is
still felt that there is urgent need for opening fairer price shops.
SUSTAINABILITY

e Rationalism

e Naturalism

e Humanism

FOOD SECURITY: EMERGING CHALLENGES
= Change in weather pattern, alterations in the soil moisture storage, pets and
weeds may affect productivity.
= Flood and Drought due to heavy rains.
= Higher temperatures favor the growth of bacteria in food which may raise the
issue of food safety.
FOOD SECURITY: POLICY OPTIONS
+ Community farming
#+ Reduction in cost of production though R andD interventions targeting increased
productivity
4+ Expand utilization of public storage food facilities, and encourage private sector
investment in these facilities
4+ Enough food is available for all the persons
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+ All persons have the capacity to buy food of acceptable quality

+ Dissemination of food and nutrition information to consumers

+ Assessment and monitoring of the nutritional status of school children and adolescents

and create awareness on healthy diets.
+ Need for opening fairer price shops in the hills area such as Ukhrul, Chandel,
Tamenglong, Churachandpur and Senapati.

CONCLUSION:
Food security is ensured in a state only if enough food is available for all the persons and all
persons have the capacity to buy food of acceptable quality. But a natural calamity say drought,
total production of food grains decreases. It creates a shortage of food in the affected areas. Due
to shortage of food, the prices go up. At the high prices, some people cannot afford to buy food.
If such calamity happens in a very wide spread area or is stretched over a longer time period, it
may cause a situation of starvation. The Farmers are badly affected by the uncertainties of
production and market. They suffer from a double disadvantage as they pay high prices for
inputs such as HYV seeds, fertilizer etc. but lack the bargaining power to fix prices in their
favors. All the production reaches the market simultaneously. The higher the supply the lower is
the demand. This causes distress sale also. Therefore, there can be no food security without the
security of the small farmers. Innovation strategic interventions are the needs of the hour to
ensure food availability, food access and affordability. If government provides proper
agricultural infrastructure, credit linkages and also encourages the use of latest techniques.
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GIS BASED MAPPING AND ENSURING FOOD
SECURITY IN BONGAMUNDA (BOLANGIR)
AND KOTGARH (KHANDHAMAL)
DISTRICTS IN ORISS#A

R.K.Mallick
Visiting Faculty Sambalpur Univerity-Independent Researcher and GIS Consultant;

ABSTRACT

Today ending hunger is not primarily a technical or a production issue. Hunger persists because
we as human beings have failed to organise our societies in ways that assure every person the
chance to have a healthy and productive life. Periodic reports of starvation death in Orissa have
been an issue of serious concern to the State Government. Such reports are usually followed by
discussion about the role of the State, definition of starvation, question about BPL enumeration,
functioning and efficacy of public distribution system and performance of local institutions. It
has even led to judicial intervention. Lack of precise data about the families under risk and
malnutrition or starvation complicates the situation. It makes the preventive action highly
difficult and targeting almost impossible. Addressing this problem in an effective way
necessitates a systematic institutional arrangement for identifying and GIS mapping of
areas/habitations/households vulnerable to food/nutrition insecurity for the State Government to
devise a field tested strategy to eradicate the problem of hunger and to ensure food security in
areas of endemic poverty and destitution.

In order to reach the objectives of the study a foolproof research methodology was adopted
which included both primary and secondary research. Huge volume of data was generated
regarding the socio-economic condition of the target villages from this exercise. Then 10 per
cent of the total people who were at risk were taken for detailed survey through semi-structured
schedules. PRA techniques were also used extensively to validate and also to get quality
feedback regarding the existing socio-economic condition of the target population. After the data
so gather using a multiplicity of methods they were analysed and an effort was made to identify
the vulnerable people.

A Geographic Information System (GIS)-based surveillance system for hunger monitoring was
prepared and handed over to various authorities for better monitoring and surveillance of the
people at risk. There is no denying the fact that hunger and starvation does exist, if not
starvation deaths in some parts of the state especially in the western and tribal areas. There are
varying reasons for this malady. But generally speaking ensuring adequate food for all, the four
major hindering factors found in the rural area are, lack of self sufficiency in food production
(production at par with the land carrying capacity), inadequate food availability for the people,
less food entitlement for the rural mass and inadequate nutritional intake.

These factors are interlinked with each other and cannot be addressed separately. A holistic
approach needs to be taken to deal with issues relating to hunger. Therefore, diversification of
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activities needs to be stressed adequately to find out possible solution for hunger. Diversification
in agricultural practices (such as cultivating low water intensive crops, opting for cash-crops
and food-crops instead of the customary paddy which has become highly unremunerative over
the years) and combination of agricultural and non-agricultural activities may also facilitate
further towards ensuring a community free from hunger. As all these components substantially
inbuilt in the concept and approach of “The Hunger Free Zone” it was felt that such a holistic
approach could give specific direction in this regard addressing all dimensions of misery rather
than providing solutions in isolation.

BACKGROUND

Recently Oriya press was abounding with stories of starvation death in different parts of Orissa,
especially in the western and tribal parts of the state. Though the government of the day was
quick to dispel the allegation there is no denying the fact that many people suffer from food
insecurity round the year. Instead of passing the buck everybody should keep thinking of a way
out how to ensure food security to these people. The reports relating to alleged starvation deaths
in different parts of the country including Orissa have drawn the national attention and
Honorable Supreme court in recent judgment have focused on the accountability of the civil
administration in this regard. In spite of various schemes that aim at the amelioration of poverty
and food security issues, there is huge gap between the goals set and results achieved.

OBJECTIVES

The broad objective of this project is to identify individual/families at risk of starvation in
villages which have high food insecurity in distress times. The specific objectives are:

1. To identify the district, block, GP, village and individual through pre-determined
indicators/parameters

2. To evaluate their access to social safety net interventions (including public distribution
system) and develop a GIS based surveillance and monitoring system of such individual families
during distress time.

3. To suggest follow-up tracking system for continuous monitoring of their distress condition.

METHODOLOGY
In order to reach the objectives of the study a foolproof research methodology was adopted
which included both primary and secondary research.

Secondary Research

In the beginning a comprehensive study was made of all the probable districts where food
insecurity might be quite high. For the purpose of short listing the target area existing literature
and data were extensively analyzed.

Use census data/WFP approach for identification of districts and blocks in Orissa

Remote forest-dependent communities

High concentration of STs/SCs

High Concentration of landless or functionally landless.

Low availability of food grains and poor access to PDS.

Low per capita intake of calories.

YV VYV VVY
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» High level of out-migration

> High per centage of people belonging to BPL

» Marginal workers representing a high per centage of total working population (age-
specific and gender-specific labour force).

» High unemployment rates and chronic underemployment.

» Low educational status (gender specific).

» High morbidity/mortality trends (IMR/MMR), gender specific.

» Insufficient healthcare facilities and low access to health care.

» High per centage of female-headed households.

» Low level of decision-making by women in all aspects of family and community life,

women’s access and control of assets and benefits.
» Presence of potential NGOs/CBOs or other agencies with proven capability to plan and
undertake development activities.
This step of secondary research gave a deeper insight of the prevalence of poverty and level of
food insecurity in different pockets of the state. Based on this information the final area of study
was selected.

Primary Research
After the district and blocks were identified detailed a door-to-door survey was undertaken to
identify individual/families at risk by trained personnel in all the villages using the following
parameters.
»  Prolonged illness
Physically/mentally challenged
Unable to work due to age factor/old age/child
Living alone
Negligible/very limited source of income
Non-affordability to purchase grains
Low accessibility to social security system
Schedule caste/schedule tribe
Out-migration of all able bodied persons
Not presently enrolled in emergency feeding
Not enrolled as BPL family
Dependent on forest food (fruits/roots) for at least one month
Whether children/parents live in the same village
Whether in the Vulnerable age group (0-6) or (>50)
»  Any other (specify)
Huge volume of data was generated regarding the socio-economic condition of the target villages
from this exercise. Then 10 per cent of the total people who were at risk were taken for detailed
survey through semi-structured schedules. PRA techniques were also used extensively to validate
and also to get quality feedback regarding the existing socioeconomic condition of the target
population.

VVVVVVYVYVYVYVYVYYVYY
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GIS MAPPING

After the data so gather using a multiplicity of methods they were analyzed and an effort was
made to identify the wvulnerable people. A Geographic Information System (GIS)-based
surveillance system for hunger monitoring was prepared and handed over to various authorities
for better monitoring and surveillance of the people at risk.

THE STUDY:
Before the survey was undertaken a sensitization camp was organized in each of the Block
Headquarters. In this workshop the participants were District Collector, BDOs, Sarpanches, ward
members, Samiti members, and other block and district level officials. The Basic objective of the
meeting was to acquaint the representatives of PR institutions as well as other block and sub-
divisional officials on Food insecurity mapping and vulnerability assessment study and to get
their feedback so that the study can be conducted smoothly and in a participatory way involving
all the stakeholders of the block. Issues like lapses in social fabric, Exploitative Migration, Social
security services and lapses, Economic/livelihood related vulnerability, Seasonal food
vulnerability, Health/education related vulnerability were widely discussed. The grass-roots level
functionaries actively participated and came out with their observation and understanding
regarding the problem of food insecurity. Some of the more important observations made by
these people at these workshops are
» . Follow up mechanism need to be developed for the identified vulnerable HHs.
» . Immediate and Appropriate measures need to be taken at Panchayat and village level
both by the community as well as by the PR institution to address hunger and starvation.
» . Vulnerability is basically related to poverty and creation of employment and assuring
the same
» could be a possibility for its reduction.
» . Emergency feeding should be given both the time i.e. on lunch and dinner rather than
once in a day prevalent at present (during lunch).
» . Enough scope needs to be created for developing irrigation potential at Panchayat and
village level through lift irrigation points and other water harvesting structures.
» . There are a number of HHs where there is none to feed the aged people though food is
available at Panchayat for supply.
» . Inmany HHs, no food is available for consumption purposes.
» . Govt. Social security measures not reaching to the people who need the most.
» . Involvement of all stakeholders is highly required in this direction for food vulnerability
reduction.
» . For labourers, wage is available only during agriculture season resulting in less number
of food security days.
» . Steps taken towards creation of employment opportunity are not enough at district as
well as block level.
» . High infant mortality rate in both the areas.
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» . Depletion of assets is common. During employment scarcity, people compel to
sell/mortgage HH articles at throw away prices.

» . Nuclear family approach (separate living of son after marriage) is a customary in the
tribal community which is affecting the social fabric.

» . Lapses in social security mechanism and economic insecurity make people more
vulnerable.

» . Per capita HH land holding is very low. As land occupancy is less, production is also
affected which has got a direct link with food vulnerability.

» . Improper water and sanitation facility prevails in rural area, which deteriorates health
condition of people and by the micro nutrient absorption.

» . Many villages are still in an inaccessible zone for which district machinery finds it
difficult to reach them.

» . Food for work is not utilized properly to address hunger and poverty issues.

» . Food, health and education are three major aspects, which need to be emphasized in the
district for vulnerability reduction of people in general and tribal in particular.

GRAM PANCHAYAT LEVEL WORKSHOP

After the Block level a series of Gram Panchayat level workshop were organized at Gram
Panchayat level. The participants in this workshop were Sarpanches, ward members, Samiti
members, Block Chairperson, VLWs, AWWSs, ANMs, Govt. representatives etc. The main focus
of the workshop was to explain about the checklist of the proposed Household survey at Village
level. These people were trained by professionals of XIMB how to conduct the survey. An effort
was made to make the survey foolproof and authentic by making the respective officials
accountable. This made the exercise authentic. After the door-to-door survey 10 per cent of the
total identified individuals/households were selected on a random basis for detailed household
survey.

PRA EXERCISE

In order to validate the quantitative data and to get further information on vulnerability PRA
exercises were conducted in sample villages in which the entire village participated. Women
were encouraged to participate and come forward with their views.

GIS MAPPING

Based on this huge volume of data gathered at different time GIS-based mapping was done to
identify the most vulnerable individual/households of the society. The GIS-based database of the
vulnerable people and households has been handed over to the respective Sarpanches, BDOs,
and District Collectors for follow up action.

FINDINGS OF THE STUDY

As this study is mainly is to identify the vulnerable people and individuals who are threatened by
possible starvation deaths no statistical presentation is made. However during the course of the
study 2672 individuals in Bongamunda Block of Bolangir district and another 1120 families in
Kotgarh Block of Kondhamal district. Apart from mapping the individuals the research team
came across many findings related to hunger which should be taken care of with due importance.
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There is no denying the fact that hunger and starvation does exist, if not starvation deaths in
some parts of the state especially in the western and tribal areas. There are varying reasons for
this malady. But generally speaking ensuring adequate food for all, the four major hindering
factors found in the rural area are, lack of self sufficiency in food production (production at par
with the land carrying capacity), inadequate food availability for the people, less food
entitlement for the rural mass and inadequate nutritional intake. These factors are interlinked
with each other and cannot be addressed separately. A holistic approach needs to be taken to deal
with issues relating to hunger.

Therefore, diversification of activities needs to be stressed adequately to find out possible
solution for hunger. Diversification in agricultural practices (such as cultivating low water
intensive crops, opting for cash-crops and food-crops instead of the customary paddy which has
become highly non-remunerative over the years) and combination of agricultural and non-
agricultural activities may also facilitate further towards ensuring a community free from hunger.
As all these components substantially inbuilt in the concept and approach of “The Hunger Free
Zone” it was felt that such a holistic approach could give specific direction in this regard
a