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Abstract — Climate change has been the most serious
challenge affecting agriculture in India where direct effects of
climate change are expected to be very harsh. Indiaill need
to produce estimated 320 MT of food grains by theear 2025.
Acknowledging the significant role of Science and
Technology, India has since 2008 established “Natial
Action Plan on Climate Change” which includes National
Misson for Sustainable Agriculture [NMSA]” among eight
missions.. NMSA aims at developing technologies and
innovative agricultural practices and strengthening the
capacity of farming communities to cope effectivelyith both
climatic variability and changes. Adaptation and mtigation
potential is nowhere more pronounced than in Indiawhere
agricultural  productivity remains low and poverty,
vulnerability and food insecurity remain high.Against this
background this development perspective article ampts to
highlight the impact of climate change on agricultue in
general and in India in particular and suggests thepriority
areas to accelerate the process of effective implentation of
NMSA launched on June 26,2015.
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[. INTRODUCTION

After many vyears, developed countries

recommendations for effective implementation ofiblal
Mission for Sustainable Agriculture in India.
Sectionl
Understanding the nature of greenhouse gases &
Climate Change

Greenhouse GasesGreenhouse gases are gases in the
atmosphere that absorb and emit radiation withia th
thermal infrared rangélhis process is the basic cause of
the greenhouse effect. Greenhouse gases greaty #ie
temperature of the Earth; without them, the Eartidace
would be about 33 degree Celsius colder than at
present. The natural greenhouse gases in the Earth’
atmosphere aneater vapor, carbon dioxide, methane,
nitrous oxide and ozon&ome amounts of GHGs are
absorbed by the natural systems such as oceanglartd
biomass, which are also referred to as sinks of &HG
However, when plants are cut down and allowed taye
or are burnt; the GHGs absorbed by them from the
atmosphere are released back into the atmosphaee. T
buildup of GHGs in the atmosphere is, therefore, rilet
emission from sources and removal by sinks. Sihee t
time of Industrial revolution in the mid-18th centdarge
scale burning of fossil fuels, land use change fanektry
activities has considerably enhanced the concéoriraf

havesHG in the atmosphere, for example, the concentraf

acknowledged the link between global warming anél thtarbon dioxide had gone up from 275 to 285 pprhin t
human activity responsible for releasing Green lddBas pre-industrial era (AD 1000-1750) to 379 ppm in 200
[GHG]. Retreating the glaciers, stronger hurricamesd  Additionally, synthetic GHG like perfluorocarbons
winters, hotter summers, frequent droughts, capisic  [PFCs], hydrofluorocarbons HCFCs] and  sulfur
rains causing floods, outbreak of viral diseasesl athexafluoride $F6] are also accumulating in the
vanishing biodiversity and species are sufficiendences atmosphere [1]The increased level of GHG in various
of the manifestation of global warming. It is nowore forms viz. carbon dioxide (Cg), watervapor (EO),

than 44years since the United Nations christene& 3 . athane (CH), nitrousoxide (#O), hydrofluorocarbons

1972 as World Environment Day. An agreement Waﬁ-|FCs), perfluorocarbons (PFCs), and sulfurhexaitieo

reached at the G8 Summit, that GHG emissions shueild
reduced by 40% by 2020, so as to limit the maxinmis®
in temperature to two degree Celsius over the pr
industrial period. It is in this context this alé@ttempts to
understand the nature & magnitude of climate chamge
agriculture in general & in India in particular gviewing
available literature and makes recommendations
effective implementation of the National Missionr fo
Sustainable Agriculture in India. This article is/ided
into five sections, viz. Section 1 understanding tiature
of greenhouse gases and climate change, Sectiealidgl
with the Impact of climate change on agriculture i
general, Section 3 presenting the current status
agriculture in India and studies on the impact lohate
change on agriculture, Section 4 highlights th
Government’s policy initiatives & National Missicior
Sustainable  Agriculture and Section 5

make

(SF6) etc. due to anthropogenic activities has conteithu
lo an overall increase of the earth’s temperatiewing

to a global warming. The average global surface
temperature has increased by 0.74 degree Celsitss thie
late nineteenth century and is expected to incrbgéet

sgegree Celsius in years to come.

Climate Change: Weather is the atmospheric condition
prevailing at a particular geographical locatioadgl in a
given time and is the effect of several weatheapaters
viz. temperature, relative humidity, rainfall, insity and

rguration of sun shine, wind velocity, among othélimate

|3fthe long term pattern of weather conditionsdagiven
area. Climate change refers to a statistically iSegmt
yariation in either the mean state of the climateits
variability, persisting for an extended period. itnds
pome to extraordinary variety of climatic regioranging
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from tropical in the south to temperate and alpm¢he production system, livelihoods of people engaged
Himalayan north, where elevated regions receiviaswed  actively in agriculture and food security of coyfgr
winter snowfall. India’s climate is strongly inflneed by population. A review of indicators [exposure, s&uity
the Himalayas and the Thar Desert. Four major ¢lona and adaptive  capacity] highlights  considerable
groupings predominate into which fall seven climmativulnerability of the agricultural sector as a seuraf
zones which are defined on the basis of temperatude livelihood for all those who are engaged in agtiod
precipitation. and as a source of food security for all. The nevédso
Climate change includes variation in temperaturegxposes the large heterogeneity in farming systems
changes in precipitation, and higher atmosphenb@a across different agro-ecological regions within the
dioxide concentrations all of which affect growtate, country and highlights many facets of vulnerability
quality & yield of crops, photosynthesis, transpoa  climate change including undernourishment,
rates, moisture availability, through changes ofewaise  malnourishment, poverty and slow rate of agricaltur
(irrigation) and agricultural inputs such as hed®s, productivity growth, all of which will be exacerleat by
insecticides and fertilizers etc. Environmentaleef§, the effects of climate change. Within agriculture tain-
due to land use pattern, frequency & intensity offed farming will be the most impacted by climate
soildrainage (leading to nitrogen leaching), soilchange. Temperature is an important weather paeamet
erosion/run off, reduction of crop diversity etalso, that will affect productivity of rain-fed crops. €hlast
impact on crop productivity. Farmers in arid regidimd  several years witnessed arise in all India mean
it difficult to carry on farm operations under sdoing  annual temperature. Though most rain-fedcrops are
heat when temperature rises. accustomed to tolerate/adjust with high temperature
According to World Meteorological Organization, rain-fedcrops grown during rabi season are vulierth
climate changecan adversely impact global environmentchanges in minimum temperatures. Thus, studieshwhic
quality of human life and productivity of field s, assess the impact of climate change on Indianwdgnie
livestock & fisheries. International Symposium okgfo- and vulnerability of the small and medium farmars i
meteorology and Food Secufitprganized in February rain-fed areas need to focus on farmers’ perceptam
2008 in Hyderabad, noted with concern that agticalt the climate change and the factors which influethee
productivity has come down over a period of timeov@h  farmers to adopt or to follow coping mechanisms.
of world agricultural output is expected to fallx®% per While in temperate latitudes a rise in temperature
year by 2030 and further to 0.9% per year in theould help countries increase food productivitywitl
succeeding 20 years by 2050.Even a two degreeuSelshave adverse effects in countries in the tropictuding
rise in mean temperature will have serious implacest for  India. The monsoon accounting for 75% of India’s
Indian agriculture. Sometime back, the distinguisherainfall significantly impacts country’s agriculirand
Indian scientists Dr. Sinha and Dr. Swaminatharwsitlo livelihood of millions of small farmers. Climate ahge
that a one degree Celsius rise in night temperaiture is likely to intensify the variability of monsoon
Punjab and Haryana would reduce the duration ofavhedynamics, leading to a rise in extreme seasonal
crop by about a week.. This would reduce yieldday to  aberrations, such as increased precipitation and
five quintals per hectare, resulting in a consitlerdoss to devastating floods in some parts of the country and
wheat production in the region and more importattlly reduced rainfall and prolonged droughts in otheasr.
income of small and marginal farmers owning lesnth The worst sufferers would be millions of small fan®
one hectare of land. According to the FAO, farnveosld and agricultural laborers and people depending upon
have to produce 40% more grain to meet the inargasiforests since they are already vulnerable and food
global demand for cereals, when the world’'s popatat insecure. Impact of climate change on agriculturé w
would be 9.0 billion by 2020..The FAO estimated tan affect food grain trading pattern and polices imestic
170 m people at risk of hunger by 2080. Accordimghte and international markets in order to ensure food
Washington-based IFPRI [2009], climate change isecurity. The combination of agricultural charastes
developing countries will cause yield declines imsin in an agrarian economy, namely its importance as an
important crop sand South Asia will be particuldnlgrd economic sector, its vulnerability to climate charand
hit. The World Bank Group currently supports 130ts contribution to emissions, do necessitate trgent
countries including India to study climate relatativities need to make agriculture resilience to climate geato
and formulate policies & strategies to increasedfooensure food security of current and future genemati
productivity &ensure food security in the light imipact The wide spread and deep rooted poverty in ruedsar
of climate change. and expected impacts of climate change on uncéeytafn
food output and income require adequate financial
SECTION 2 investment for developing and spreading mitigator
adaptation strategies [3]. Government in its efforéeds
H) demonstrate political leadership, effective iinte
Institutional  coordination among ministries and
bureaucracies and seek support of individual fasmer
community groups and the private sector to forneulat
and successfully implement comprehensive climate

Understanding the Impact of Climate Change o
Agriculture in General

Impact on Agriculture : Agriculture is the sector most
vulnerable to climate change due to its high depeoéd
on climate. Climate change is threatening food
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mitigation and adaptation strategies. The Statesupplies would diminish and work opportunities wbul
Governments in India in particular while targeting dwindle/decline. Aquaculture development opporigasit
climate change investments should allocate adequateill increase in particular in tropical and subgical
financial and human resources in their annual bisdige regions. The climate change in warmer regions sffexw
meet crucial social development needs. Climate gshan opportunities as production in warmer regions will
will manifest its different types of effects on peoand  increase because of better growth rates, a longeving
livestock; fisheries and aquaculture; land; water;season and the availability of new fish farmingaare
biodiversity; and trans-boundary pests and diseases where it was once too cold.
under. Land: Rising sea levels owing to climate change would
Crops & Livestock: Weather index based cropcompel communities in low-lying coastal areas andrr
insurance scheme is implemented in some countties.deltas to move to higher ground level. Similarhgrease
aims at estimating percentage of deviation in @ofput in frequency of droughts due to climate change dpoul
due to impact of adverse weather at each critieagesof also, force farmers and pastoralists [who relyainfall to
crop growth. Analysis of data under the schemenitiad raise their crops and livestock] to migrate to aréa
during 1985 to 2003 revealed that rainfall had quofl search of land and water. This migration/displacenoé
effect accounting for as high as 95% of insurafaens people would result in direct conflict and competit
[85% of deficit & 10% excess rainfalll. Temperataed between migrants and established communities foessc
rainfall influence sowing time of rain-fed cropsfop to land and water. It may be difficult for displdce
growth & duration. Temperature and relative hutgidi communities to maintain their farming or pastoral
influence occurrence of pests & disease on croealtth traditions. A long-term policy and programs thabvide
and productivity of livestock and poultry. Radiatio opportunities for the displaced communities to earn
impacts process of photosynthesis in plants ardelihood outside the agricultural sector may néede
productivity. Wet and dry spells cause significanpact evolved. Governments would have, also, to facelehgé
on standing crops, crop physiology, loss of ecomomio reconcile competing demand and diverse land use
prospects [Ex. Fruit drop]. Extreme events [Ex. lHigneeds. In cases, where land rights are informal and
rainfall, floods, heat/cold wave, cyclone, haibdt] cause different customary land tenure systems coexist,
enormous losses of standing crops & livestock. ilt, w Government and local communities may need to dstabl
also, have an impact on the incidence/infestatiopests fair and equitable systems of land tenure.
and diseases, biodiversity and ecosystems. Frequen@ater: The climate change will have impact on the
changes in weather parameters, more importanthariability in the availability of water and alsocrease in
temperature and precipitation would not only theagbod frequent occurrences of droughts and floods. Worst
production but also access, stability and util@atdf food sufferers would be farmers of the rain-fed agrimdt The
resources.. risk of crop failures will increase in semi-aridnas with
Studies show that a temperature rise by 0.5 degma®longed dry seasons forcing people to migrateerwh
Celsius in winter is projected to reduce rain-feleat stability of food production cannot be assuredigated
yield by 0.45 tons per hectare in India. Possibbyne areas in large river basins and deltas can alsat sk
improvement can be seen in yields of chick peaj rdtecause of a combination of factors, such as reduce
maize, sorghum and millets; and coconut in wesstcaad runoff, salinity, increasing floods, rising seadkvurban
less loss in potato, mustard and vegetables inhnorand industrial pollution. All these in one or thiher way
western India due to reduced frost damage. Incdeaseill affect the land to maintain its level of prattivity and
droughts and floods are likely to increase produncti farm output, cause loss of biodiversity and reducin the
variability [4]. Adaptation to climate change wileed to natural ability of ecosystems to recover.. Areagguted
strengthen early warning systems; systems to igentio experience lower precipitation will need to iroywe
climate change “hot spots” and disaster risk mamege¢; water storage capacity and efficient water managéeme
and evolve appropriate sustainable and eco-friendlystem that can enhance crop productivity. Whilgda
farming practices. Other equally important measwads irrigation schemes will need to adapt to changewater
for significant increase in rural investments tduee the supply regimes, small-scale irrigation schemes nééed
long-term effects of climate variability on foodcseity, field-based water control measures.
through provision for researching new/innovativepcand Biodiversity: According to the 2005 Millennium
livestock risk management products including insaea Ecosystem Assessnieiie climate change will cause loss
and incentives that encourage farmers to adopt fawmch of biodiversity by the end of this century. Thersfigance
social forestry, conserve soil & water resources better and utility value of biodiversity for food and aguitural
agricultural and land use practices. purpose will increase as and when climate changes.
Fisheries & aquaculture: Climate change, more Genetic resources are the living materials thatalloc
particularly harsher weather conditions, will hawgact communities, researchers and breeders use to gevigio
on the productivity, output and quality of fish andyielding crop varieties/strains that can adapt hanging
economic viability of fish and aquaculture entesps, needs. Maintaining and using this reservoir of tjene
thereby affecting fishing community. The small-scal diversity will be the foundation for coping withimlate
fishers may be faced with greater uncertainty ashange.
availability, access, stability and use of aquédied and
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Trans-boundary pests and disease€limate change is
altering the distribution pattern of pests and akes
affecting crops and livestock .Changes in tempeeadnd
atmospheric moisture and gases influence generatidn
growth rates of crops, fungi and insects, whiclerathe
interaction between pests, their natural predatmd
hosts.. Changes in land cover, more
deforestation or desertification make remaining\ygdand
animals increasingly vulnerable to pests and désads
order to contain the spread of pests, there is farethe
development of new farming practices, croppingqait

evolution of different crops and animal breeds, and
adoption of integrated pest management techniques.

Besides, there is need to introduce biological mbnt
agents, develop pest and disease-resistant variefie

crops and breeds of animals and strengthen national

animal and plant health care services.
Impact on Food Security

The Food and Agriculture Organization (FAO) defmes

food security as a “situation that exists wherpalbple, at
all times, have physical, social, and economic sde
sufficient, safe, and nutritious food that meetsrthlietary
needs and food preferences for an active and lydéth

importantly

It has four key components of food supplies, viz.

availability, stability, accessandutilization[3].The FAO-

hosted “High-Level Conference on World Food Seglrit
from 3 to 5 June 2008 concluded with the adoptib@a o
Declaration on World Food Security, as “It is ess#rio

address the question of how to increase the nesdief

present food production systems to challenges pbged
climate change.
appropriate priority to the agriculture, forestrynda
fisheries sectors, in order to create opportunttiesnable
the world’'s smallholder farmers and fishers, inahgd
indigenous people, in particular vulnerable arets,
participate in and benefit from financial mechargsamd
investment flows to support climate change adapiati
mitigation and technology development,
dissemination. We call upon relevant inter-Govemniale
organizations, including FAO, within their mandatesd

We urge Governments to assign

transfer and

areas of expertise, with the involvement of nationa

Governments, partnerships, the private sector, @t
society, to foster a coherent, effective and resténted
international dialogue on bio-fuels in the contekffood
security and sustainable development needs”.

SECTION 3

Current Status of Agriculture & Studies on the

Impact of Climate Change on Agriculture in India

Current Status of Agriculture in India: India, in the
context of following ground realities exhibiting wo
priority for agricultural development, must
necessarily prioritize agricultural development doef

adverse effects of climate change are self-evident.

Agriculture in India has not only to be perceivedthe
context of attaining food security but also in terof its
growth rate and contribution to the country’s griowt
process through increased GDP share.

now
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Agricultural growth rate was 1.2% in 2012-13 which
increased to 3.7% in 2013-14 but again fell to 080
against country’s 7.3% economic growth rate in 2014
15.

Food output in 2014-15 was 252.02 million tons
significantly lower than 265.04 million tons in 21

14 and 257.13 million tons in 2012-13.

Growth rate of food output declined marginally from
2.19% during 1990-91 to 1999-00 to 2.11% during
2000-01 to 2013-14 whereas growth rate of yield per
hectare significantly declined from 2.40% to 1.70%
during the said period.

Though gross cropped area and net sown area
increased to 195.25 million hectares [MHA] and
140.80 MHA till 2011-12, area under food grains has
remained almost stagnant, at 120.4 MHA over four-
and-a-half decades.

The share of agriculture in India’s GDP progredsive
declined from 41% in 1972-73 to 17.60% in 2014-15
but population depending on agriculture as the main
source of livelihood declined to 48.9% from 59.9%
between 1999-00 and 2011-12.

India is currently home to the world’s largest food
insecure population with 190 million people goirg t
bed hungry daily and India ranks 55 on the 2013
Global Hunger Index, according to the Washington
based International Food Policy Research Institute.
Hunger Index for India was 17.8 in 2014 which in a
decade declined from 25.5 in 2000. About one sixth
of India’s population is undernourished & a totél o
30% of children below age of five are underweight.
Agricultural Census [2010-11] revealed that [i] ofit
138.35 million operational holdings in India as hig
as 85% (which account for 44.6% of the total
cultivated area) are less than two hectares
characterising India’'s agriculture a small-scale-
farming. Average size of small-holding is only 0.61
hectare whereas overall average size of holdings
declined from 1.33 ha in 2000-01 to 1.15 in 2010-11
[ii] Around 98 million women are involved in
agriculture and about 63% work as wage earners on
land belonging to others. Over 74% of rural women
who work as food producers only 13% have
ownership rights to land.

India ranks first among the rain-fed agricultural
countries of the world in terms of both extent and
value of produce. Rain-fed agriculture is
practiced in two-thirds of the total croppedea

of 162 million hectares [66%)]. Rain-fed agricuéur
supports 40% of the national food basket. The
importance of rain-fed agriculture is obvious frime

fact that 55% of rice, 91% coarse grains, 90% pulse
85% oilseeds and65% cotton are grown in rain-fed ar
as. These areas receive an annual rainfall betd@@n
mm and 1000 mm, which is highly uncertain, erratic
and unevenly distributed in time & space. Certam a
as witness significant fall in food output since tiotal
annual rain fall does not exceed 500 mm besides
being erratic.
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Besides, in view of the following facts, for Indid [7%)] ,iron and steel [6%] and waste [3%)]. The egerg
annual agricultural growth rate and sustainedector emissions comprise of emissions due to fuel
development of agriculture acquires focused attenti combustion in  electricity generation, solid fuel

« A combination of indicator values representingnanufacturing, petroleum refining, transport, resithl
exposure [change in temperature and precipitatiorgnd commercial activities, agriculture & fisheri¢tsalso
sensitivity [share of labor in agriculture] and ptige  includes the fugitive emissions due to coal miniagd
capacity [poverty] identifies India, among otherhandling of oil and natural gas. The largest chuarfik
countries in Asia Pacific Region, most vulneralde temissions was from electricity generation amountiog
climate change.. 719.31 million tons of carbon dioxide equivalentigth

« A global report on poverty eradication of the U.Nrepresented 65% of the total carbon dioxide eqental
Secretary-General [2011] shows that economigmissions from the energy sector.
growth is one evident for the progress in East Asia The results of five climate modeling studies in iénd
particularly China in reducing extreme poverty anghow that the country's per capita estimated GHG
raising living standards whereas out of 900 millioremissions in 2030-31 would be between 2.77 tons and
who are predicted to be in extreme poverty in 201%5.00 tons of carbon dioxide equivalent. Four ofefiv
India was expected to be home to more than 3Ggudies estimated that even in 2031, India’s pguitza
million in poverty.. GHG emissions would stay below4.00 of carbon diexid

« Child under nutrition with stunting rates in Indiawhich is lower than the global per capita emissioié.22
declined from 48% in 2006 to 38.7% in 2015. Yetons of carbon dioxide in 2005. This would meart dween

India continues to be home to a staggering 48anilli two & half decades from now, India’s per capita GHG
stunted children under age 5 — the highest in thRMissions would be well below the global averag@®f
world. Stunting where children are short for trege, Years earlier. In absolute terms, estimates ottuatry’s

results from severe and persistent under nutritiofHG emissions in 2031 vary from 4.00 billion tors t
Most of them live in rural areas where their ma|r730 billion tons of carbon dioxide. With four dfe five

source of income is the agricultural sector. PrsgreStudies estimating that even two & half decades fnow,

towards the World Food Security goal of reducini)he country's GHG emissions will remain below 6.00
their numbers by half by 2015 under the Unitedillion tons. All the five studies show evidence af
Nation’s Millennium Development Goals has beersubstantial and continuous improvement in the cgist
unsatisfactory.. energy efficiency in relation to GDP..

« In areas highly dependent on livestock production, Projected Climate Change Scenario and its impact:
overgrazing increases vulnerability to climate gean ndia Meteorological Department [IMD] recorded eigh
Rural women will be among the most affected groupRUt of 10 warmest years since 1901 and that togeaits
given their dependence on subsistence crops and déiince 1993, of which all barring only one had meycu
farming, their limited access to resources, and thdevel higher than normal confirming beyond doubatth
inability to participate in decision-making processcountry's climate has already changed becauseatfabl

Adaptation strategies should acknowledge the great@@rming. This is irrespective of whether the wargis
vulnerability of women to climate change. on the long-term ascendant or cyclical in natutee Thtest

« According to the United Nations World Waterobservations of the IMD substantiate the ominous

Assessment Programme [2015], while globally bprojecf[ions made in some earlier studies that teatie
2050 the agricultural sector needs to produce 604 India would soar by 3.0 to 6.0 degrees Celsind a
more food, the developing countries including Indidhonsoon rainfall would be up to 15% to 50% by thd e
will need to produce 100% more when climate chand¥ the current century. The rise in the sea leela
would have also its impact on uncertainty ofonsequence of the higher temperature [driven biefa
production and even reducing the potential output.. meltlng, of glaciers and higher rainfall] may altére
«  Sustainable Development Goals adopted by tHUNty's geography especially coastline by subingrg
United Nations General Assembly in September 2013Veral low-lying coastal areas, including the memes-
stipulates developing countries, that include Intia r!ch Sundgrbans. Al another level, the dlsgppearaﬁme
develop agriculture and eliminate hunger by 2030  1ver-feeding glaciers may dry up flows in the coyrs
gnajor rivers, including the mighty Ganga, and adebr
impact agriculture to the detriment of the milliow$
Lo . - L farmers who lack the wherewithal to adjust to the
effective in reducing poverty as that which origesa changing climate. Overall farm production is f@sicto

outside agriculture o 0 ;
* The role of small, marginal and women farmers irqup by 10% to 40% due to the temperature risqieyend

. : . of this century, making the agricultural sector therst
boosting food output and reduction of poverty idlwe houah i bt lobal i’
recognized. sufferer, though its contribution to global warmirg

India’'s GHG Emissions: Percentage share of therellit('j\éeelg riTt]seEiin%e;ct on the wheat cron has alreadurbe
electricity among eight key sectors in the GHG @ainiss P b ey

in India [2007] was the highest at 38%, followed pgince its output remained depressed for severak yehae

. . . Yo the early onset of summer. Some crops espedsiadyif
agriculture [18%], other energy industries [12%{hey . : ! .
manufacturing industries [9%], cement & transpatte crops like paddy may, however, benefit from thehbig
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temperature. Climate models predict that sub-region Climate change and agriculture are interrelated.
variation may increase in more extreme rainfaltgrat, Agriculture contributes, of course partly, to thiobgl
resulting in drought and floods, besides rise ia Bvel warming by spewing greenhouse gas and in turn gets
and more frequent occurrence of coastal storms aaffected by its consequences. However, greenhouse
cyclones. The models such as those of the Indistitute  emissions from different farm sectors and the eéffefc
of Tropical Meteorology, predict a significant rise  global warming on these sectors have not been ifjednt
surface air temperature over the subcontinent i tlexcept in few cases, such as wheat. The ICAR has
coming decades. If this happens, much of the cpumitt  estimated that annual wheat output may declineoby to
have to contend with heavy rainfall as well as sevefive million tons with rise of every one degree €as in
drought, both occurring with greater frequency. The&emperature. The impact of climate change will hiavbe
glaciers in the Himalayas, which feed economicallynitigated by modifying farming practices by farmers
important rivers, have lost about 20% of their acefin advocated by the ICAR based on various researchestu
the past four & half decades. They may retreatpdhar These studies shed some light on the emissions of
because of a further rise in temperature. Studi#ise past greenhouse gases, such as methane, nitrous oxitle an
have shown that India is likely to witness one lbé t carbon dioxide arising from paddy fields and farm
highest agricultural productivity losses in the ldoin animals. They also explain the impact of climatarade
accordance with the climate change pattern obseameld on some crops and other farm sectors like fisheries
scenarios projected. Climate change projectionsemgrdl ~ Studies conducted at the Indian Agricultural Redear
to 2100for India indicate an overall increase irnstitute indicate the possibility of loss of 4-8lion tons
temperature by 2-4 degree Celsius with no substiantin wheat production in future with every rise ofiégree
change in precipitation quantity. Indeed these \@m®y Celsius temperature throughout the growing perRide
serious indications/signs. It will need more foalseproduction is likely to decrease by almost a thectare if
attention & high priority for policy interventiorts & the temperature goes up by 2 degree Celsius. stkan,
scientific community to reduce the level of thréatthe a 2 degree Celsius rise in temperature was estihtate
economy and human well-being. reduce production of Pearl Millet by10-15%. If maxim

Studies on Climate Change in India:Agriculture is and minimum temperature rises by 3 degree Celsids a
responsible for around 14% of global emissionsth 3.5 degree Celsius respectively, then Soybean syigid
emissions from the agriculture are combined witle thMadhya Pradesh will decline by 5% compared to that
emissions caused by deforestation for farmingjlifest  1998. Agriculture will be worst affected in the st
manufacturing and agricultural energy use, thistosec regions of Gujarat & Maharashtra, as fertile areas
becomes the largest contributor to global emissions vulnerable to inundation & salinization.
India, the agriculture sector in 2007 accounted1fbi6% According to the ICAR, medium-term climate change
of total emissions. At the same time, it consumehes predictions have projected the likely reductionciop
one fourth of the electricity, so, it is indirectigsponsible yields due to climate change at between 4.5% and®%
for another 10% of the GHG emissions. When these d&2039. The long term prediction spaintagloomy pietur
were combined with the fertilizer industries, catgr with the crop yields anticipated to fall by 25%roore by
solely to agriculture, and use of diesel, agriceltwas the 2099. Milk output will decline by 1.5 -2.0 metriorts by
largest contributor of GHG in India. 2020 & 15 tons by 2050. It will also affect fishelding,

Six of thelO countries most vulnerable to climatenigration & harvests..
change in the Asia-Pacific are Bangladesh [topslittpe Rice: The emissions, from country’s 42.21 million
followed by India, Nepal, the Philippines, Afghaaisand hectares of land under rice cultivation, comprid®ua
Myanmar. India has characteristic features of affice 2.07 Tg of methane [Tg is the unit of measuremdnt o
that challenges formulation of policies & implenstiin  greenhouse gas emissions and is equivalent to 1012
of programs to significantly reduce GHG emissioaglgo grams], 0.19 Tg nitrous oxide and 72 Tg of carbon
adaptation & mitigation strategies, viz. large coyrwith  dioxide, annually. However, the emission levelsyvMaom
diverse climate; 2/3 rain-fed area; higher monsooregion to region depending on cultivation practiaed the
dependency; diverse seasons, crops, & farming mgste inherent carbon content of the soils. The methartiftoov
close link between climate & water resources; smaltom the paddy fields of some districts in West galrhas
holdings; poor coping mechanisms & capacity; lovwbeen observed to be relatively high. This is duehi

penetration of risk management products, among®the
A World Bank report on climate change impact based
case studies in drought-prone regions of Andhraldta
and Maharashtra and flood-prone districts in Orissdhe
extent of climate tolerance limits, highlights thessibility
of declining the yields of major dry land cropsAndhra
Pradesh, sugarcane vyields declining by 30%

presence of higher organic carbon content in tiile and
the traditional practice of keeping rice fields stamtly
submerged under water. Similarly, emission of wigro
oxide is higher in paddy fields in Andhra Pradesid a
northern States because of application of high slade
nitrogenous fertilizers. On the whole, the eastend
isouthern parts of the country have a relativelyhbig

Maharashtra and rice production by 12% in the floodglobal warming potential because of higher dischavf

prone coastal regions of Orissa. The worst suffeneuld
be the poor and marginal farmers who own less tran
acre of land and mostly populate these regions..

methane and carbon dioxide and the predominandeeof
cultivation in these regions.
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Coconu: Studies on assessing the impact of climate National Mission: The National Mission for
change on coconut production in different agro-ali;m Sustainable Agriculture [NMSA] launched on June 26,
zones indicate that this plantation crop will, mddarge, 2015, forming part of the National Action Plan olintate
benefit from global warming. Its productivity maige by Change[June 2008],aims at transforming agriculinie
up to 4% by 2020 and up to 10% by 2050 in differeran ecologically sustainable climate resilient pmigun
regions. The coconut plantations in Kerala, Maltgras system, while at the same time, exploiting its dsil
parts of Tamil Nadu and Karnataka stand to bemefite potential & thereby ensuring food security, equiab
than those elsewhere. The coconut yields in sorherot access to food resources, enhancing livelihood
States, such as Andhra Pradesh, Orissa and Gujasat opportunities & contributing to economic stabiligt
tend to decline marginally by up to 2%.. national level. Agriculture needs to progressivadiapt to

Water: Studies on the impact of global warminganticipated climate change and supported by the
conducted in Andhra Pradesh indicate that the irnse convergence and integration of traditional knowkdad
temperature will lead to an increase in water meguent practices. The committee has suggested a multigecbn
of crops like maize, groundnut, pigeon pea andonptt strategy to make it more resilient to climate cheang
though their growing duration will decrease by tméwo The NMSA would focus on four critical areas to
weeks. agriculture in adapting to climate change viz. ffad

Livestock: In the case of methane emissions from thagriculture, risk management, access to informasiod
livestock sector, it has been observed that thaurgss- biotechnology. It has envisaged the Climate Chafige
bred cattle discharge relatively more methane pana, Sustainable Agriculture Monitoring, Modelling and
the bulk of the total emissions are accounted fgr bNetworking to effectively disseminate climate chang
buffaloes and indigenous cattle because of theitafger related information & knowledge by way of piloting
population. Of the total livestock sector's greemsmgas climate change adaptation/mitigation research model
emissions, female buffaloes contributed 59.6%poWdd projects in the domain of climate smart sustainable
by indigenous cows 28.9% and cross-bred cows 11.5%hanagement practices. For this, the Union and State
The total emissions from this sector are reckorte®lZ¥ Governments must allocate adequate financial & fuma
Tg, varying in different years from 7.26 Tg to 104d. . resources in their annual budgets to the ICAR aradeS

Adaptation: Some crops have already begun adjustinggricultural Universities. These institutions shdul
to climate change, for example, apple cultivation icommit themselves to prepare a road map for undega
Himachal Pradesh. Since temperatures in the toadifly time bound research & develop appropriate techiedog
apple-producing regions of this hilly State haweni, with for each of the country’s agro-ecological regiomsl a
a simultaneous decline in rainfall, apple cultiatiis disseminate them among farming communities. Thetni
shifting to the higher altitudes in Kinnaur, Latanld Spiti Ministry of Agriculture and States must monitor the
districts. Similarly, in the case of marine fishesyi species implementation process on a quarterly basis ancoog
like Indian mackerel have tried to adapt themsetuehe discussed in the Parliament annually.
warming of the ocean waters by shifting towards the Rain-fed Agriculture: The strategies to minimize the
northern latitudes where the warming is less praged. impact of climate change in country’'s dry land oet
Sardines have tended to spend more time in therlowiaclude [i] development of drought & pest resistantp
depths of the oceans to escape from warmer surfagarieties [ii] improving methods to conserve soil &
waters. Such observations are significant as theyhelp moisture [iii] training farming community and shagi
farmers and fishermen modify their cultivation disthing agro-climatic information & disseminating amongrfears
practices to mitigate the economic consequences [0f] provision of financial support [credit & norredit] to
climate change. facilitate farmers to invest in and adopt relevant

technologies to overcome climatic related stresses.
SECTION 4 Risk Management: The risk management strategies
emphasize on [i] strengthening of current agricalt&
Government’s Policy Initiatives & National MissionWeather insurance mechanisms [ii] development &
for Sustainable Agriculture validation for weather derivative models [iii] ctem of

Policy Initiatives: India has already initiated steps toV€P-€nabled, regional language based services for

address the issue of climate change focusing apatep facilitation of weather based insurance [iv] depahent of

policies and investment programs to guarantee cle&t|S and remote-sensing methodologle_s for detailell s
environment, improved quality of human life g resource mapping and land use planning at the lefvel

agriculture. The Government of India had constituge watershed or a river basin [v] mapping vulnerale-e
high-level committee in July 2007 and announced Iggions and pest & disease hotspots and [vi] dpireip&

National Action Plan on Climate Change on June ajnplementing region-specific contingency plans base

2008. The efforts in this area of significant urgeto de- vulnerability & risk scenarios.
carbonize energy sources needs to be redoubleerioys . Acces_s to Informatlor_l .M'SS'Qn will focus on access to
concern, commitment and accountability and seekidgformation through [ijinproving and expanding the

effective coordination among departments, instiwgiand E:glipna! dataP ba(‘jses. on (Aa) ds?(i! IF;rofiIe, d(b) Argwdel f
agencies in the long-term interest of survival avell- uttivation, - Production - An leld, and (c) Cost o
being of mankind . Cultivation& [d] weather, genotypes, land use patterns &
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water resources [ii] monitoring of glacier & ice-asa concern if the agricultural sector has to growhia tontext
impact on water resources, soil erosion and agsaciaof country’s overall economic growth, to responduaal
impact on agricultural production in mountainougioes households’ livelihood, country’'s food security and
[ii] providing information on off-season crops,canatic poverty alleviation. It may take some years to yull
& medicinal plants, greenhouse crops, pasturexperience the devastating effects of climate chamy
development, agro-forestry, livestock & agro-presoeg agriculture but the time is ripe for the Governmemivate
[iv] collation & dissemination of block level datm agro- sector and public to have adequate concern, comenttm
climatic variables, land-use and socio-economidufes and accountability to mitigate the effects of clima
& preparation of State level agro-climatic atlages change. Evolving policy and programs to manage and
digitizing data, maintaining database of globallfuaand mitigate risks due to climate change, among others,
streamlining the procedure governing access thefiwil  include [i] Significantly investing in expanding,
creating public awareness through “National Por@ai” modernizing and equipping agricultural meteorology
agricultural Statistics. facilities in all 127 agro-ecological regions to keait
Use of Biotechnology Mission would intensify world class, thereby continuously improving weathed
research on biotechnology [i] use of genetic erging to  climate forecasting system. [ii] Improving early rwing
convert C-3 crops to the more carbon responsivecfdgs  systems followed by effective monitoring and evéh@
to achieve greater photosynthetic efficiency fotagting its impact [iii] Developing climate impact modulésat
increased productivity at higher levels of carb@axidle in  give a better understanding of how climate changg m
the atmosphere or to sustain thermal stresses [éffect crop, livestock, fish farming and foresttyaalocal
development of crops with better water & nitrogese u level in order to be well prepared. [iv] Diversifig pattern
efficiency which may result in reduced emissions obf livelihoods and adapting agricultural, fishinghda
greenhouse gases or greater tolerance to drought farestry practices to efficient water managemensd@l
submergence or salinity [iii] development of nuérial conservation practices and growing resilient crapsl
strategies for managing heat stress in dairy asin@l trees. [v] Developing a database on climate, sull water
prevent nutrient deficiencies leading to low milklgt and use and crop yields to assess, map and monitorusad
productivity[iv] development of salt tolerant amlisease performance under given technology conditions..
resistant fresh water fish and prawn. Assessment of how vulnerable our food system ishamd
Research & Development:lt is necessary to suitably we can adapt agriculture, livestock, fisheries &ordstry
increase funding& technological capabilities of lBRAR  to future climate-related disasters. Increasing stzda
& State Agricultural Universities to intensify reseh on inundation, salinization and erosion as a conserpierf
assembling genetic material for a warming Indiavettgp  sea-level rise and human activities may contamiaatk
through the tools of recombinant DNA technology elov reduce the size of productive agricultural landiereéby
genetic combinations for tolerance to higher tempge threatening households’ livelihood and country'sodo
and moisture stress, and evolve flood and saltolgrant security. Steps in this case to mitigate the impaict
strains of major crops. To successfully address thlimate change on agriculture need top priority] [vi
emerging challenges of climate change Indian fagminBuilding sufficient resilience of the food systetnsavoid
system has to become knowledge-and-technologgnormous future economic losses in agriculturestiock,
intensive In this endeavor priority should be adedrto fisheries and forestry [vii] Evolving comprehensive
establish Research & Training Institute on Climakange climate resilience strategies comprising risk assesit,
at the national level with its center in each oftiminy's development of varieties that can perform welltiessful
agro-climatic regions to conduct fundamental angliad conditions, better land, water and livestock manzege
research addressing the existing & emerging newessen and bringing about specific changes in agricultural
climate change, develop training modules and baild practices that can respond to climate change [viii]
cadre of climate risk managers well versed in tience Agricultural research to evolve drought-resistamd a
and art of climate management for everysaline-resistant crop varieties for the arid regiand
tehsil/.taluka/block. As suggested by Dr. Swamiaath rainfall-tolerant and short-duration varieties féiood-
national cadre of grass-root climate risk managets prone regions require significant amount of investinn
help, among others, trigger the proactive actiomded to financial & human resources which Government and
minimize human suffering and ensure livelihood,d@md private sector will have to make on one hand and
drinking water security in the emerging era of glob motivate/train farmers to take better advantagehete
warming and climate change. researches and help them supplement their incoraegh
Training of Farmers: Farmers need to be trained anchon-farm activities on the other.
their capacity & skill developed such that they abée to Adaptation Strategy: While there is greater need now
successfully manage monsoon both by art and scteate than before for effective implementation of “Natébn
hold the key to adaptation to adverse changes Adaptation Program of Action on Climate Change”
temperature and precipitation caused by climatea@ba Important ongoing development initiatives need ® b
leading to more frequent occurrence of droughtfloudis. reviewed & redesigned to reduce vulnerability of
Mitigation Strategy agriculture to climate change. These, include ueiring
Agriculture is one of the major sources of greerseou agricultural market system, reducing market digtost
gas emissions. Climate change has been a causg@mfs and subsidies, effective implementation of liberedi
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trade policies, enhancing provision for social pctibon system, constructing arterial paved roads conmgctin
and micro-finance programs and preparing for désastvillages with urban centers, improving communiaatio
management. Adaptation will require continuousransport & food processing facilities are, amortigers,
improvement in the existing development policies &areas that are directly related to managing rigsides,
introducing innovative policies from time to timbat, investment in capacity building of farmers is nseey to
inter alia, emphasize [i] reviewing & balancing encourage them to adopt modern agricultural prestic
investment allocation within and across sectorsamfio- such as integrated nutrient &pest management,
economic development [ii] increasing the focus igk-r conjunctive use of surface & groundwater resoursexe
sharing and risk-reducing investments [iii] impmyi women contribute significantly to agriculture, risk
spatial targeting of investments [iv] reducing GHGmanagement calls to empower women household
emissions from agriculture and increasing the vadfie specifically in terms of their legal rights to hplalcquire,
sustainable farming practices through the valuatdn possess& control over assets including agricultiaatl
carbon and other forms of agricultural ecosystemiges, and enable them to participate in decision-makiraggss
such as water purification and biodiversity. Keyfor activities related to crop farming, livestocérming,
components of new and innovative adaptation meadare fish harming & forestry.
climate change, among others, include [i] apprapria Eliminating existing detrimental policies: Experience
changes in current farming practices to signifigant suggests that with the availability of subsidiesmfars
improve soil productivity/fertility and enhance ban have been using fertilizers, diesel, electricityd amater
sequestration [ii] changes in current water managem indiscriminately that results in the increased aiois in
policy & practices emphasizing pricing of water tathe atmosphere. This, therefore, emphasizes tbaispn
facilitate more efficient water use [iii] intensigearch for of subsidies for water, energy and fertilizers $ticoe
diversification of agriculture toward enhanced eie rationalized and reduced and the savings invested i
resilience [iv] attracting public & private invesemt in propagating adaptation strategies that boost faiconie.
agricultural science and technology developmenThese subsidies have not only distorted production
reinventing agricultural advisory& extension edimat decisions, but also encouraged carbon emissionsnbey
services and information system [v] effective riskeconomically appropriate levels. As the real prude
management policy & practices including crop,dteek natural resources rises market-based approaches for
& fishery insurance which can be shared fronomanaging environmental services in response toatim
international experiences [vi] developing land péans, change [such as through water pricing, payment for
food security, fisheries &forestry programs thah ¢eelp environmental services and carbon] will become
farming community suitably adapt to climate chanjgés increasingly important. Studies show that costetiffe &
undertaking cost-benefit analyses of climate changjes efficient delivery of institutional services on #m& on
for irrigation management &coastal protection |[viii payment to farmers have proved better than progidin
promotion of “ best crop-livestock-fish farming ptaes” subsidy in any form. Effective implementation of niet-
through farmers’ capacity building and networkin@[i based approaches to climate change policy including
developing contingency plans to cover new and éwglv payment for environmental services will necessiti¢ar
risk scenarios definition &explanation to protect land & water pesty
Risk-sharing & Risk-reducing investments: High rights. One way to levy or improve upon payment for
degree of variability in weather and its impact @op environmental services is to create awareness among
production requires priority to risk-sharing andskri farmers  &local communities and seek their
reducing investments, which include financial markeparticipation/involvement to negotiate to determitie
innovations, weather-based crop insurance and brodadrms of the payments.
based social safety nets that protect farmers sgé#ie Synergies between Adaptation and Mitigation:Asia
adverse impacts of increased risk and encourage tbe Pacific Region is a key emitter of agricultural GHG
take decisions that are not excessively risk-ave®gsece through fertilizers &soils [nitrous oxide] and Ist®ck and
international agricultural trade is one of the impot rice production [methane]. Emissions in Asian agtioce
mechanisms for sharing & minimizing climate changare expected to increase due to the growth in food
risk, open trading regimes needs to be supportegkoduction required to feed growing population. The
Investment policy to put in place hydro-meteorobadli global technical mitigation potential of all strgies in the
infrastructure, efficient functioning financial nkats, agriculture sector is estimated at 5,500 to 6,0@@atons
responsible institutions and appropriate agricaltur of carbon dioxide equivalent per year [MTCDEPY] by
advisory services can help farmers minimize thésris 2030. Of this estimate, carbon sequestration ad¢sdion
when they have to take decisions about agriculturakarly 90% of the potential, and methane mitigatiod
production plans. Institutional innovations, sucls asoil nitrous oxide emission reductions accountfr and
contract farming, value chain, warehouse receigizse 2% respectively. Across the sub-regions of Asia,top
finance& integrated agricultural credit system ca®0% of these emissions can be mitigated by 203@ifor
facilitate participation of small holders in exporarkets.  GHG, much of which can be achieved through the
Adequate investment to upgrade the efficiency & thimplementation of zero and low-cost technologieat th
physical & institutional infrastructure for sustable enhance carbon sequestration. Key low or no cé#t G
agricultural growth, such as modernizing irrigatiommitigation activities in Asia Pacific Region incleidow or
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no tillage and other sequestration methods, as all adaptation in agriculture requires long-term inwesit by
reducing methane emissions from rice fields. Thén&h farmers. Secure property rights are needed forethes
and India each could reduce methane emissionsfiim investments [such as integrated soil fertility ngeraent,
fields by 26% over the base line scenario at lost finat tree planting, and water harvesting] that can quam
is less than $ 15 per ton of carbon dioxide eqemnidlby farmers incentive and authority to make the investis
2020. Using high yielding varieties, shifting teeiand/or A clear policy & legal framework to protect land dan
wheat production systems, and alternating dry/wetater property rights of tenant farmers includingnven
irrigation are strategies that both mitigate emissiand headed households is therefore an essential compone
build resilience by conserving water, reducing lanéffective and equitable adaptation and market-based
requirements and reducing fossil-fuel use. Asialdouapproaches to climate change policy.
potentially reduce emissions by 276.79 MTCDEPY at a Investment for Adaptations: Investment policy on
carbon price of $20 per ton of carbon dioxide egl@nt, climate change adaptation & its implementation beesn
which accounts for approximately 18% of the totabgl extremely slow in the light of competing demand on
economic potential [including soil carbon sequésird.  country’'s annual budget and inadequate capacitigein
At this price, the benefit stream from agriculturaministries to assess adaptation requirements. To
mitigation in Asia could amount to more than $ Bilion  mainstream climate change adaptation, country nezds
a year. undertake multifaceted risk assessments that iocatp
Biofuels: The use of high-yielding feedstock cropsnot only climate risk but also existing vulnerati#s, such
grown on existing crop land or degraded lands fofuel as low levels of development, poor governance tipali
production has the potential to other carbon savingonsensus, and expected future trends such asagiopul
compared with the use of conventional fossil fudlee growth, rapid urbanization & industrialization, and
potential of biofuels to reduce carbon emissiomsydver, increasing pressure on scarce land and water EuUr
is highly dependent on the nature of the productioQualitative and quantitative scenario will need he
process. The current generation of crop-based &diotuas developed at the country level and potentially la¢ t
had a low or even negative effect on carbon mitgat regional or State levels. Combined with detaileohetnic
when land use change for biofuel production istakéo analysis of adaptation options, these multifacetistt
account. Ensuring that biofuel production doesareate assessment scenarios should serve as the basis for
negative tradeoffs with food and land markets, lasd developing comprehensive and robust adaptatiorsplan
change, biodiversity and environmental degradatvaii, Investments: Country has chronically invested
require careful policy design as well as subsequemadequately in science, technology and innovation.
monitoring. From the farmer’s point of view, biofaeare Development of appropriate types of seeds using
a cash crop that would generate higher incomes, Yatradiation techniques, biotechnology and genetic
while biofuel producers will likely benefit from ¢h modification is an essential component of adaptatm
creation of new markets for their crops, the cortipet key biotic and a biotic stresses related to clindiange,
between food and fuel markets and the subsequgraicim including drought, heat, floods, salinity, pestsd @isease.
on food prices may outweigh the benefits of incom&hese should be combined with tapping of tradiiona
generation under the current biofuel technologies. knowledge on crop varieties and adaptation. Palithat
Reduced release of methane from human wast&his favor private sector investment in crop improvement
can be achieved by [i] composting organic househofgtogram targeted to climate change are criticaleséh
garbage to make bio-fertilizer and [ii] treatind s¢wage policies include [i] decreasing the bureaucraticdias to
water before releasing into oceans and rivers. business formation [iij developing infrastructurbat
Property rights: A lack of appropriate legal framework enables the production and distribution of improsedds
& policy on property rights makes farmers [tenantiers, and other agricultural inputs [iii] developing appriate
share croppers, oral lessees, women headed hodsehol regulatory and bio safety protocols for the intrctiton of
particular] ineligible to borrow from formal finarad transgenic cultivars, and [iv] reforming intelleatu
institutions to invest in land for soil & moisture property rights that could encourage private inwestt in
conservation, irrigation development, reclamatibiaod crop improvement. A growing number of food companie
etc. which have direct relationship to improve farmare successfully adopting various sustainable pathvas
productivity as they cannot secure future rightseture new marketing strategies. This includes growingpsro
land tenure reduces incentives to improve practices organically, offsetting GHG, sourcing fair tradenda
cope with environmental degradation, which inteasif promoting biodiversity. These companies’ experience
the adverse impacts of climate change and vatiawh should be documented and lessons should be extracte
crop production. Unsustainable land practices msee how the public sector can facilitate scaling upsthe
land degradation, which can further contribute limate initiatives.
change. Increasing the profitability of land thrbugs The growth of public investment in agricultural @asch
potential use for income from carbon markets anslowed down after the 1980s. Investments in
biofuels, may actually worsen the position of farsneith  biotechnology and bio safety regulatory system Hzeen
insecure property rights, as the land may be exfaima inadequate to address pressing needs in both areas,
by landlords seeking to increase their share ofineame especially when focused on resolving national cairgs.
streams. Meeting the challenges of climate chan@de country needs to develop the infrastructure and
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scientific capacity to assess risk assessmentprasdribe greater resilience to droughts and heat? Thisisdtritory
bio safety regulations to enable effective develeptand of that golden triple win’ interventions that can increase
adoption of biotechnology. farm output [to ensure food security and reducespgy,

Huge amount of investments in irrigation and watemake yields more resilient in the face of extreftteough
resources may be needed to expand large-scal@sttwa adaptation] and make the farm a solution to theate
deal with the increased variability of rainfall anghoff. change problem rather than part of the problenoithh
On the other hand, in agro-ecological regions whermaitigation]. The scientific community and policy
changes in precipitation are highly uncertain, gtreents interventionists have, therefore, an important tolenake
may need to be better distributed in a variety mhl the agriculture sector and soil carbon part of dbkeition
catchments. Climate change and variability in wateéo climate change. Thetriplewins’ would require a
supply, together with potential long-term changeshe package of interventions, which would be countrg-an
cost of energy, could also dramatically change dbst- locality specific in their application. China, Braand
benefit calculation for big dams & reservoirs feorage, Kenya have made humble beginning in this direction
irrigation, and hydropower, making these investreenthrough pilot projects researching new farming teghes
more attractive despite the environmental and humdhat hold more carbon in the soil to increase the
relocation issues that dams raise. The appropeegtand productivity of the soil. This necessitates prepgrihe
location of future irrigation investments couldathange Roadmap focusing concrete actions that link agucet
dramatically. related investments and policies with the transitio

Bank Finance Though India has a robust bankingclimate-smart growth and highlight atriple win’
sector in terms of resources, size, spread & owmgrs approach. It should advocate getting the rightgiesi and
Banks, in the absence of a national policy andleégufor  programs in place that will increase farm produttiand
carbon credits are reluctant to finance projedtertaup by incomes; make agriculture more resilient to vaoiadi in
industrial units to bring down carbon/GHG emissionslimate [and thus promote stability and securitghd
With climate change and its adverse effect on etwesy make the sector part of the solution to climatengeaby
health, food production and security etc. a soualicy sequestering more carbon into the soil and biomass.
framework on carbon credits, formal mechanism for
trading in carbon emission reduction [CER] units, o SECTION 5
carbon credits and a nodal agency for the developwfe
the carbon credit market in India is a need of hiar.
Banks’ exposure to CDM projects can be classified
priority sectors lending which can facilitate charg of
lower rate of interest. Besides, tax incentives mibtivate
banks to lend such projects. HSBC Global Reseainca,
report on investment opportunities in climate cheuiy
India, observed that climate change [three key afén
change themes, viz. renewable, low carbon power al
energy efficiency] presents long-term growth opipoitty
for investors in India, focusing on mitigation patial
from curbing carbon emissions with Rs7.6 trillidhl50
billion] between 2008 and 2017.

Triple Wins: Whether the world as a whole decides t
lower carbon emissions by at least 50% by 2050ndas
and the farming system around the world need thpati

from policy interventionists and scientific commiynto following argqas. )
lower the GHG emissions since agriculture alon@acts ° From 16" October 2016 when India observes World

for nearly 15% of global carbon emissions and Food Day the country's effort to meet the challenge

Recommendations to Make Implementation of NMSA
Effective

Agriculture development in India needs to sharplgus
on reducing GHG emissions through measures, such as
significant reduction of deforestation; improvingrédst
cover, conservation and management; control offinélst
Riemotion of farm forestry for food, fodder & fuglsoil
carbon sequestration; restoring land through cbatto
grazing; improving nutrition for ruminant livestgck
efficient management of livestock waste [throughghis
recovery]; and developing strategies that conssoileand
Jvater resources by improving their quality, avallgb
and efficiency of use. For this, immediate needtds
effectively implement the NMSA sharply focusing on

deforestation & forest degradation contribute aeott6% of climate change should, therefore, become an
emissions.  Agriculture  manifests  four  unique integral part of the individual State Government's
characteristics, viz. [i] it is a part of the preil as a GHG economic planning process & effective monitoring th

emitter [ii] a sector that is highly vulnerable ¢timate Kl“nl\ﬁlseAmentatlon of four critical components of the

change, a wulnerability that can lead to reduced ; ) ) ) . .
productivity [iii] a sector that provides livelihds to 70% *  With the inclusion of the NMSA in India’s National

of the world’s poor who largely depend on agrictétand Action Plan on Climate Change as back as in 2008,
[iv]provides food to all. And more importantly, agulture national & State Ieyel re;earch institutes haveaaly .

is also a part of the solution by making it théple wins’ concentrated to intensify research on developing
i.e. increasing farm productivity, making agricutiumore technologies & innovative farming practices to cope
resilience to climate change and reducing carbaisséom. with the changing climate. As the NMSA has been
It is possible for agriculture to actually sequesteabsorb since 2008 [for more than eight years]it is nowhhig
carbon into the soil rather than emitting it. Wollcbe time to mount in each agro-ecological region the
possible to have higher yields, more carbon instsieand Action Research Project seeking active participatio

of resourceful farmers to [i] evaluate the curraatus
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(1

(2]
(3]

[2008 to 2016] of four critical components of the
NMSA viz. dry land agriculture, risk management,
access to information & biotechnology [ii] assdeairt 4
impact of each component of NMSA on agricultur
[iii] identify the factors responsible for bettenpact
as also constraints inhibiting the progress [iv[®!
formulate a road map crystalizing the strategy t
achieve the expected results by 2030 under eg[s]
component of the NMSA along with installation of
robust monitoring & management information syster
[vV] monitor & review the performance under each o}
four components half yearly at the State level
annually at national level [vi] discuss once inearyin
the legislative assembly & parliament [vii] train(®!
farmers & build capacity of village/block/district
panchayat to cope with the climate change throughy
effective adaptation & mitigation strategies eféect
While a National Network Project “Impact
Adaptability and Vulnerability of Indian Agricultar
to Climate Change” has been launched with focus on
impact of climate change on different sectors c[11]
agricultural production it is necessary to estimhi
need for public & private financial investments;
required by 2020 & 2030 to support intensificatain
research & put in place programs/projects on ckmat

. .. . 13]
change adaptation, mitigation, technolog);
development, transfer and dissemination strategies
among farmers. The required funds & expertise ci[14]
be sourced from World Bank, Asian Developmer
Bank, International Fund for  Agricultural
Development, among others. [15]
Research & extension personnel need be trained &
exposure visits organized to share & exchan¢[16]
knowledge & experiences.
Other measures include Creating massive awareness
among small farmers in particular on likely impatt
climate change & adopting adaptations & mitigation
strategies; Significant improvement in weather
forecasting & early warning systems and water &
energy use efficiency; Establishing hazard &
vulnerability  mapping; Effective  regulatory
framework to meet climate change related challenges
to agriculture
While State Agricultural Universities need to be
adequately financially & organizationally
strengthened to intensify researches on climategia
in agriculture there is immediate need to establish
Indian Institute of Climate Change in Agriculture a
national level along with Regional Institute of Gate
Change in Agriculture in each agro-ecological ragio
equipped with state-of-the-art-technology & trained
professional.

' [10]
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