
INTRODUCTION

The unimpeded growth of greenhouse gas
emissions is raising the earth’s temperature. The
consequences include the atmosphere will
eventually lead to changes in the global climate,
and in the climates of regions around the world,
melting glaciers, more precipitation, more and more
extreme weather events, and shifting seasons and
ultimately will threaten to food security everywhere
(IFPRI,2009). The average global surface
temperature is projected to increase by 1.4-3oC from
1990-2100 for low emission scenarios and 2.5-5.8oC
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ABSTRACT

India is the seventh largest country of the world. In India temperature will increase 3oC to 6oC
and rainfall will increase 15-30% in 21 Centaury. While the global surface temperature is projected to
increase by 1-4oC from 2100 for low emission scenario and 2.5-5.8oC for higher emission scenario in
the atmosphere. This Paper has been prepared with the objects of provide key information on the
impacts of climate on Indian agriculture. The greenhouses gas emissions increases day by day in the
atmosphere from the many sources such as industrial sources crop production and fossil fuel
combustion. These are the major sources for the climate change. The global increases in carbon
dioxide concentration are due primarily to fossil fuel use and land use change, while those of methane
and nitrous oxide are primarily due to agriculture. Currently Available general circulation models (GCMs)
suggest that the area-averaged annual mean warming would be about 3°C in the decade of the 2050s
and about 5°C in the decade of the 2080s over the land regions of Asia as a result of future increases
in atmospheric concentration of greenhouse gases. In Rajasthan, a 2°C rise in temperature was
estimated to reduce production of pearl millet by 10-15 per cent (Y S Ramakrishna et al.,). The state of
Madhya Pradesh, where soybean is grown on 77 per cent of all agricultural land, could dubiously
benefit from an increase in carbon dioxide in the atmosphere.

Key words: Circulation models, carbon sequestration, mineralization,
Copenhagen Accord, Greenhouse gases.

for higher emission scenarios of green house gases
(under the new SRES ‘marker’ scenarios) in the
atmosphere. The atmosphere surrounding the earth
is made up of nitrogen (78%), oxygen (21%) and
the remaining 1%, is made up of trace gases (called
so because they are present in very small quantities)
that include argon, carbon dioxide, methane and
nitrous oxide. These gases also called greenhouse
gases act as a blanket and trap heat radiating from
the earth and make the atmosphere warm. Climate
change, also called global warming, refers to the
long-term fluctuations in temperature, precipitation,
wind and other elements of the Earth’s climate
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system. The Intergovernmental Panel on Climate
Change (IPCC), established jointly by the World
Meteorological Organization (WMO) and the United
Nations Environment Program (UNEP), in 1988, has
been mandated to assess all available factual
information on the science, the impacts, and the
economies of climate change and on the adaptation/
mitigation options to address climate change. Since
the Earth Summit in Rio in 1992, it has been a long
march for the world to reach a consensus and to
commit together, on the road to action in combating
global warming. The first international approach to
climate change had taken shape with the
development of the United Nations Framework
Convention on Climate Change (UNFCCC).
Adopted in 1992, the UNFCCC set a framework for
action aimed at stabilization of greenhouse gas
(GHG) concentrations, in the atmosphere at a level
that would prevent dangerous anthropogenic
interference with the climate system. The first
Conference of the Parties to the Convention (COP-
1) was held in Berlin in March - April, 1995. During
the COP-1, it became clear to the world community
that ‘Rio is not enough’ and pressed for adequacy
of commitment by the developed countries for
reduction of GHGs emissions. Accordingly, a
Protocol to the Climate Change Convention was
adopted in Kyoto in 1997, now known as the Kyoto
Protocol. The objective of the Kyoto Protocol is
aimed at bringing down the global GHG emissions
by 5.2 % during the year 2008-2012 (Sengupta,
2002).

The United Nations Climate Change
Conference in Copenhagen, Denmark took place
from 7-19 December 2009. It included the fifteenth
Conference of the Parties (COP 15) to the United
Nations Framework Convention on Climate Change
(UNFCCC) and the fifth Conference of the Parties
serving as the Meeting of the Parties to the Kyoto
Protocol (COP/MOP 5). In the end, the Copenhagen
conference, under the aegis of the United Nations,
produced such a diluted result that not many among
the 192 countries present — reflecting the biggest
gathering of summiteers on record — were ready
to lend it endorsement. Thus, officially the meet
agreed only to “take note” of what had transpired.
Calling the final outcome the “Copenhagen Accord”
is egregious. What is being passed off as an accord
representing all those present is, in fact, nothing

more than a convenient agreement between the
US and the Basic (Brazil, South Africa, India and
China) countries with which some industrialized and
some developing nations can be brought in line.
Copenhagen has produced a strange result (Asian
Age, 2009). As final nations agreed to corporate in
reducing emissions, “ with a view” to scientists
warnings  to keep temperature from rising more
than 2 degrees Celsius (3.6 degrees F) above
preindustrial levels, that , is , 1.3 degrees C  above
today’s average temperatures. Developing nations
will report every two years on their voluntary actions
to reduce emissions. Those reports would be
subjects to “international consultations and
analysis”- a concession by China to the US. One
positive feature of Copenhagen is the US promise
to arrange for $30 billion in three years and $100
billion after 2020 with which developing countries
may address climate change problems (Daily News,
2009).

The global increases in carbon dioxide
concentration are due primarily to fossil fuel use
and land use change, while those of methane and
nitrous oxide are primarily due to agriculture. As a
result we are witnessing global warming. Continuing
emissions of greenhouse gases from human
activities are likely to result in significant changes
in mean climate and its intraseasonal and inter
annual variability in the Asian region. Given the
current state of climate modeling, projections of
future regional climate have only limited confidence.
According to the IPCC business-as-usual (BAU)
scenario (scenario A), it is expected that the average
global surface temperature may rise by 0.2 to 0.5°C
per decade during the future if human activities
which cause greenhouse gas emissions continue
unabated (IPCC, 1990).

Currently Available general circulation
models (GCMs) suggest that the area-averaged
annual mean warming would be about 3°C in the
decade of the 2050s and about 5°C in the decade
of the 2080s over the land regions of Asia as a
result of future increases in atmospheric
concentration of greenhouse gases. Under the
combined influence of greenhouse gas and sulfate
aerosols, surface warming would be restricted to
about 2.5°C in the 2050s and about 4°C in the
2080s. The globally hot spots of key future climate
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Fig. 1: Hotspots of key future climate impacts and vulnerabilities in Asia

Fig. 2: World Prices, Major Grains
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impacts vulnerabilities in Asia are indicated in figure
1. According to this impacts on India as the gross
per capita water availability in India will decline from
~1820 M3/yr in 2001 to as low as ~ 1140 M3/yr in
2050. Increase coastal water temperatures would
exacerbate the abundance/ or toxicity of cholera in
south Asia and in East Asia for 10C rises in surface
air temperature expected by 2020s, water demand
for agriculture irrigation would increase by 6-10%
or more (IPCC, 2007).

The Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC
2007) emphatically shows that the Earth’s climate
is changing in a manner unprecedented in the past
400,000 years. By the end of 2100, the mean planet
wide surface temperatures will rises by 1.4–5.8°C,
precipitation will decrease in the sub-tropics, and
extreme events will become more frequent (IPCC
2007, WG-III). However, changes in climate are
already being observed – the last 60 years were
the warmest in the last 1000 years and changes in
precipitation patterns have brought greater
incidence of floods or drought globally.

Indian Scenario of Climate Change
Analysis done by the some governmental

and non governmental bodies on this issues and
indicated the Indian climate found the same trends
as floods, drought, and temperature from over the
past 100 years rises but there are some regional
patterns. Areas of increasing trend in monsoon
rainfall are found along the west coast, north Andhra
Pradesh and north-west India, and those of
decreasing trend over east Madhya Pradesh and
adjoining areas, north-east India and parts of
Gujarat and Kerala (-6 to -8% of normal over 100
years). Surface air temperature for the period 1901
– 2000 indicates a significant warming of 0.4°C for
100 years. In the 21st century rainfall will increase
by 15 – 31%, and the mean annual temperature
will increase by 3°C to 6°C. The warming is more
pronounced over land areas, with the maximum
increase over northern India. The projections are
average of six general circulation model (GCM)
predictions for climate change as temperature and
precipitation pattern over the year detected (cline,
2007) for different regions of the country indicate in
table 1 and The world Resources Institute estimates
of GHG emissions from the world, India as a whole

and Indian agriculture. Agricultural practices account
for about 20 percent of India’s total emissions; thus,
cost-effective reductions in emissions from crop
agriculture could significantly reduce India’s total
emissions (Table 2).

Impacts of climate change
The sources of the IPCC estimates are

the three different GCMs, reflecting four different
scenarios for estimating climate change impact on
grain production.

First scenario
Disregards any adjustments that farmers

might make to offset the impacts of climate change
on grain production, and disregard the effects on
production of an atmosphere richer in CO2. (CO2
is essential to plant growth, and much experimental
work shows that higher concentrations of it in the
atmosphere in fact stimulate such growth);

Second scenario
Incorporates the CO2 enriching effect on

growth;

Third scenario
Includes both the CO2 enriching effect and

the effect of modest adjustments that farmers could
make using currently known practices, for example,
shifting to a different variety of the same crop and
changing the planting date by less than one month
in response to a change in the length of the growing
season;

Fourth scenario
Includes the CO2 effect on growth, the

modest adjustments to farming just mentioned, as
well as more ambitious adjustments, such as shifting
to an entirely different crop, changing the planting
date by more than one month, and using more
irrigation (Crosson, 1997).

Climate-related disasters have brought
widespread misery and huge economic losses to
India, adversely affecting public health, food security,
agriculture, water resources and biodiversity. The
situation is likely to worsen if human beings continue
to pump ‘greenhouse gases’ (GHGs) like carbon
dioxide into the atmosphere.
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Table 2: Greenhouse gas emissions, 2004 estimates (million mt, COe)

CO2 CH4 N2O PFC HFC SF6 Total

World 28,485 6,408        3286 108 381 60 38,726
India 1,222 548 71 3 8 2 1853
Indian Agriculture 0 317 58 0 0 0 375

Source: World Resources Institute, 2009

Table 1: Climate change: India

Region Jan.-March April-June July-Sep. Oct.-Dec.

Temperature Change (°C)
Northeast 4.95 4.11 2.88 4.05
Northwest 4.53 4.25 2.96 4.16
Southeast 4.16 3.21 2.53 3.29
Southwest 3.74 3.07 2.52 3.04
Precipitation Change (%)
Northeast -9.3 20.3 21.0 7.5
Northwest 7.2 7.1 27.2 57.0
Southeast -32.9 29.7 10.9 0.7
Southwest 22.3 32.3 8.8 8.5

The projections are average of six GCM predictions (Source: Cline, 2007)

The additional annual investments needed
to return the child malnutrition numbers to the no
climate-change results are $7.1 billion under the
wetter National Center for Atmospheric Research,
(NCAR) scenario and $7.3 billion under the drier
Commonwealth Scientific and Industrial Research
Organization (CSIRO) scenario indicated in table
3. Sub-Saharan African investment needs dominate,
making up about 40 percent of the total. Of that
amount, the vast majority is for rural roads. South
Asia investments are about $1.5 billion per year,
with Latin America and the Caribbean close behind
with about $1.2 to $1.3 billion per year. East Asia
and the Pacific needs are just under $1 billion per
year. Agricultural research is important in all three
of these regions, as are irrigation investments.
Unlike Sub-Saharan Africa, road investments in
these regions are relatively small. With additional
investments in developed countries, spillover effects
to the developing world reduce the need for
adaptation investments slightly. For example, with
the NCAR scenario, the annual investment need is
$7.1 billion if productivity expenditures are only in
the developing world. With developed-country

productivity investments, that amount drops to $6.8
billion. Demonstrate world price effects for major
grains, respectively, assuming no CO

2 fertilization
Figures 2 (IFPRI, 2009). With no climate change,
world prices for the most important agricultural
crops—rice, wheat, maize, and soybeans will
increase between 2000 and 2050, driven by
population and income growth and biofuels demand.
Even with no climate change, the price of rice would
rise by 62 percent, maize by 63 percent, soybeans
by 72 percent, and wheat by 39 percent. Climate
change results in additional price increases—a total
of 32 to 37 percent for rice, 52 to 55 percent for
maize, 94 to 111 percent for wheat, and 11 to 14
percent for soybeans. If CO2 fertilization is effective
in farmers’ fields, these 2050 prices are 10 percent
smaller. The growth rate of rice cultivation area in
select Asian countries are depicts in table 4(FAOa,
1999). Current rates of land degradations u ggest
that a further 1.8 million km² of farmland could
become unproductive in Asia by 2050, adding stress
to a system that must ensure food security in the
context of a rapidly growing population.
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Table 3: Additional annual Investment expenditure needed to counteract
the effects of climate change on nutrition (Million 2000 US$)

Scenairo South East Europe Latin Middle Sub Developing
Asia Asia and America East Sharan countries

and central and the and Africa
the Asia caribbean North
Pacific Africa

NCAR with developing-country investments
Agriculture research 172 151 84 426 169 314 1.316
Irrigation expansion 344 15 6 31 -26 537 907
Irrigation efficiency 999 686 99 129 59 187 2.158
Rural roads 8 73 0 573 37 1.980 2.671
(area expansion)
Rural roads 9 9 10 3 1 35 66
(yield increase)
Total 1.531 934 198 1.162 241 3.053 7.118

CSIRO with developing-country investments
Agriculture research 185 172 110 392 190 326 1.373
Irrigation expansion 344 1 1 30 -22 529 882
Irrigation efficiency 1.006 648 101 128 58 186 2.218
Rural roads 16 147 0 763 44 1.911 2.881
(area expansion)
Rural roads 13 9 11 3 1 36 74
(yield increase)
Total 1.565 977 222 1.315 271 2.987 7.338

Source: IFPRI. 2009

Indian Agriculture and climate change
India is the seventh largest country in the

world and the second largest in Asia, has a total
geographical area of 329 Mha, of which only 305
Mha is the reporting area (the area as per the land
records of villages and towns). The mainland
stretches from 8°4' N to 37°6' N and 68°7' E to 97°
25' E. It has a land frontier of 15,200 km and a
coastline of 7,516 km. Agriculture is extremely
vulnerable to climate change. Higher temperatures
eventually reduce yields of desirable crops while
encouraging weed and pest proliferation. Changes
in precipitation patterns increase the likelihood of
short-run crop failures and long-run production
declines (IFPRI, 2009). The IPCC estimates that
the global technical mitigation potential for
agriculture (excluding forestry) will be between
5500 and 6000 Mt CO2-equivalent per year by 2030,
89 percent of which are assumed to be from carbon

sequestration in soils. The scientist predicted the
impact of climate changes on the Indian agriculture,
the Indian agriculture mostly dependent on the
rainfall for the irrigation. Any change in rainfall
patterns poses a serious threat to agriculture, and
therefore to the country’s economy and food
security. The crop model indicates that in South Asia,
average yields in 2050 for crops will decline from
2000 levels by about 50 percent for wheat, 17
percent for rice, and about 6 percent for maize
because of climate change. With climate change,
average calorie availability in Asia in 2050 is
expected to be about 15 percent lower and cereal
consumption is projected to decline by as much as
24 percent compared to a no climate change
scenario (IFPRI, 2009).

Semi-arid regions of western India are
expected to receive higher than normal rainfall as
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Table 4: Changes in area under rice cultivation in select Asian Countries. 1979-1999

Country Period Toral Rice Cultivation Change in Rice Rate of Change
Area (10³ ha) Cultivation Area in Rice Cultivation

(10³ ha) Area (10³ ha)

Bangladesh 1979 10.160 310 14.726
1999 10.470

Cambodia 1979 774 1.187 56.524
1999 1.961

China 1979 34.560 -2.840 -135.238
1999 31.720

India 1979 39.141 3.586 170.762
1999 43.000

Indonesia 1979 8.804 2.820 134.286
1999 11.624

Malaysia 1979 738 -93 -4.429
1999 645

Myammar 1979 4.442 1.016 48.381
1999 5.458

Nepal 1979 1.254 260 12.381
1999 1.514

Srilanda 1979 790 39 1.857
1999 829

Pakistan 1979 2.035 365 17.381
1999 2.400

Philippines 1979 3.637 341 16.238
1999 3.978

Thailand 1979 8.654 1.346 64.095
1999 10.000

Vitenam 1979 5.485 2.163 103.000
1999 7.648

Source: FAQ. 1999a

temperatures soar, while central India will
experience a decrease of between 10 and 20 per
cent in winter rainfall by the 2050s. (M Lal et al.,
2001) increased temperatures will impact
agricultural production. Higher temperatures reduce
the total duration of a crop cycle by inducing early
flowering, thus shortening the ‘grain fill’ period. The
shorter cycle of the crop will be reducing the crop
yield per unit area as shown in table 5. Yield
reductions of irrigated crops due to water stress
are directly estimated in the hydrology portion of
IMPACT, taking into account the growing demand
for water outside agriculture as well as agricultural
demands. As expected, irrigated yield losses due
to water stress are relatively higher under the

CSIRO scenario than the NCAR scenario. For
example, in East Asia and the Pacific, with no
climate change, the combined effects of
nonagricultural demand growth and increased
irrigated area result in an average 4.8-percent
decline in irrigated rice yields (IFPRI, 2009)  Table
6. Report the climate change factors and Maize yield
in India.

In India the direct impact of climate change
would effect plant growth, development and yield
due to changes in rainfall and temperature. Increase
in temperature would reduce crop duration, increase
crop respiration rates, change the pattern of pest
attack and new equilibrium between crops and pests
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Table 5: Crop water requirement to rise: Crop duration to decrease (eg. AP in India)

Station Crop Increase water Reduction in crop
requirement (mm) duration (weeks)

Anakapalli Maze 51.7 1
Groundnut 61.3 1

Anantapur Groundnut 70.1 1
Red Gram 174.3 1

Jagityal Cotton 60.5 2
Maize 49.0 1

Rajendranagar Red gram 114.5 2
Groundnut 173.0 1

Tirupathi Groundnut 73.0 1

Sources: Prasad Rao et al, 2008

Table 6: Projected impacts quite complex depending on combination of factors (e.g. Maize in India)

Climate change scenario Good year Bad year Normal year

Maize % Dev. Maize % Maize %
Yield Yield Dev. Yield Dev.

No climate Change 2132 0 667 0 601 0
Increase in maximum 2265 6.2 236 -11.7 581 -3.2
temperature along by 10C
Uniform increase in both 2192 2.6 254 -5.0 652 8.5
maximum and minimum
 temperature by 10C
Increase in CO2 levels to 450 2192 0.6 275 2.9 618 2.9
ppm
Increase in CO2 levels to 450 2215 3.9 268 0.5 671 11.7
ppm + increase in both
maximum and minimum
 temperature by 10C
Increase in precipitation by 10 % 2367 11.0 376 40.7 1026 70.8
Increase in CO2 levels to 450 2568 18.6 359 34.3 1143 90.3
ppm + increase in both
maximum and minimum
temperature by 10C

Sources: Prasad Rao et al, 2008

hasten mineralization in soils and decrease fertilizer
use efficiency. All these could considerably affect
crop yields in long run. In general the simulation
results indicate that increasing temperature and
decreasing solar radiation levels pose a serious
threat in decreasing growth and yield of agricultural
crops. Increased CO2 levels. Agriculture will be

adversely affected not only by an increase or
decrease in the overall amounts of rainfall, but also
by shifts in the timing of the rainfall. For instance,
over the last few years, the Chhattisgarh region has
received less than its share of pre-monsoon
showers in May and June. These showers are
important to ensure adequate moisture in fields
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being prepared for rice crops (Y S Ramakrishna et
al,). Agriculture will be worst affected in the coastal
regions of Gujarat and Maharashtra, where
agriculturally fer tile areas are vulnerable to
inundation and salinisation (Karen O’Brien et al.,
2001). Standing crop in these regions is also more
likely to be damaged due to cyclonic activity. In
Rajasthan, a 2°C rise in temperature was estimated
to reduce production of pearl millet by 10-15 per
cent (Y S Ramakrishna et al.,). The state of Madhya
Pradesh, where soybean is grown on 77 per cent
of all agricultural land, could dubiously benefit from
an increase in carbon dioxide in the atmosphere.
According to some studies, soybean yields could
go up by as much as 50 per cent if the concentration
of carbon dioxide in the atmosphere doubles.
However, if this increase in carbon dioxide is
accompanied by an increase in temperature, as
expected, then soybean yields could actually
decrease. If the maximum and minimum
temperatures go up by 1°C and 1.5°C respectively,
the gain in yield comes down to 35 per cent. If
maximum and minimum temperatures rise by 3°C
and 3.5°C respectively, then soybean yields will
decrease by five per cent compared to 1998 (M Lal
et al., 1999).Changes in the soil, pests and weeds
brought by climate change will also affect agriculture
in India (TERI, 2002).For instance, the amount of
moisture in the soil will be affected by changes in
factors such as precipitation, runoff, and evaporation
(Anon, 2000).

Mitigation of Greenhouse gas emission
There are some approaches to control or

mitigation of greenhouse gases Recommendation
in National Conference on Climate Change and
Indian Agriculture 12-13 October 2007. Which are
as follows:-
´ Improve inventories of emission of

greenhouse gases using state of art emission
equipments coupled with simulation models,
and GIS for up scaling

´ Evaluate carbon sequestration potential of
different land use systems including
opportunities offered by conservation
agriculture and agro-forestry

´ Critically evaluate the mitigation potential of
biofuels; enhance this by their genetic
improvement and use of engineered
microbes

´ Identify cost-effective opportunities for
reducing methane generation and emission
in ruminants by modification of diet, and in
r ice paddies by water and nutrient
management. Renew focus on nitrogen
fertilizer use efficiency with added dimension
of nitrous oxides mitigation

´ Assess biophysical and socio-economic
implications of mitigation of proposed GHG
mitigating interventions before developing
policy for their implementation

CONCLUSION

Identifies climate change as one of the
greatest challenges of our time and emphasizes
strong political will to urgently combat climate
change in accordance with the principle of common
but differentiated responsibilities and respective
capabilities. India is the seventh largest country of
the world. In India temperature will increase 3oC to
6oC and rainfall will increase 15-30% in 21 Centaury.
While the global surface temperature is projected
to increase by 1-4oC from 2100 for low emission
scenario and 2.5-5.8oC for higher emission scenario
in the atmosphere. World prices for most important
agriculture such as the prices of rice would rise by
62 percent, maize by 63 percent soybeans by 72
percent and wheat by 39 percent. Climate change
will adversely affect Kharif crops than rabi crops. In
India direct impact of climate change would effect
plant growth, developmental and yield due to
changes in rainfall and temperature. .
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