Developing countries will not ,ag-re.e to control greeinhouse
gas emissions, however, unless the costs are low enough,to
be acceptable given the seriousness and urgency of the other
problems such countries face. The only net cost likely b be
acceptable is close to zero. The inescapable conclusion b that
effective controls over emissions will only be implemenltb at
enormous cost to the taxpayers of the developed couniiies.



Glimate change and agriculture are interrelated-processes,
,"tplh erf-which take place on a global scale. Globahwarming is
i'projected-to have-significant impacts on conditi'orxs affecting
agriculture, including temperature, carbon dioxide, 'glacial

run-off, precipitation and the interaction .of tliese elements.

These conditions determine the -carrying' capacity ‘of the

oiosphere to produce' enough food for the hurnah p-opulation

ahd-'domesticatedanimals. The overall-effect o'f'clirhatecharige’

dri;agriculture 'will depend on the balance- of..these.effects.

Assessment of the effects of global climate changes on

agficulture might help, to properly, anticipate and. adapt

m~fnihg to; maximizer-agricultural production. At the'same

timefagrichltu has beenshown to produce si”*hi'ficaht effects

mj~liiriate change, primarily through the production and.

~ N 45'e of greenhouse gases such as carbon dioxide, methane,

"WAtrous oidde, but also by altering the .Earth's land cover,

~ecan change its-ability to absorb or reflect heat and light,

g to radioactive forcing. Land use change such
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as deforestation and desertification, together with use of fossil
fuels, are the major anthropogenic sources of carbon dioxide:
agriculture itself is the major contributor to increasing methane
and nitrous oxide concentrations in earth's atmosphere. In
this backdrop, an attempt was made to analyse the impact of
climate change on agricultural production at global level and
also in India. 'm

Due to climate change, "southern Africa could lose more-
than 30 per cent of'its main crop, maize, by 2030. In South
Asia losses of many regional staples, such as rice,, millet and
maize could top 10 per cent". In.India, it was found that
increases in temperature (by about 2°C). reduced potential
grain yields in most places. Regions v/ith higher potential
productivit)™ (such as northern India) w'ere relatively less
impacted by'climate change than areas with lowmr potential
productivity (the reduction in yields was much smaller);
Overall, temperature increases are predicted, to reduce rice
yields. An increase of 2-4"€ is predicted to result in a reduction
in yields.

Climate change is a long-term change in the statistical
distribution of weather patterns over periods of time that
range from decades to millions of years. It may be' a change
in‘the average weather conditions or a change in the
distribution of weather events with respect to an average,
for example, greater or fewer extreme weather events. Climate
change may be limited to aspecific region, or may occur across
the whole Earth. In recent usage, especially in the context of.
environmental policy, climate change usually refers to changes
in modern climate. It maybe qualified as anthropogenic climate
change, more generally known as global warming or
anthropogenic global warming.

Factors that can shape climate are climate forcing. These
include such processes as variations in solar radiation,
deviations in the Earth's orbit, .mountain-building and
continental drift, and changes in greerdrouse gas concentrations..
There are a'variety of climate change feedbacks that can either
amplify or diminish the initial forcing. Some parts of the



climate system, such as the oceans and ice caps/respond slowly
in reaction to climate forcing because of their large mass.
Therefore, the climate system can fake centiiries or longer to
fully respond to new external forcirig. '

Climate Change and Agricultural Pi~ptiuption
at Global Level '

Despite technological advance's/ such.-as”irnproveciwW
varieties; genetically'modified organisms', and irrigation.’,
systems, weather is still akey factorinagiicuiihral productivity, m
as well as soil properties and natural commimities. The effect
of climate on agriculture is related tQ.variability in. local
climates rather-than'in global climate-patterns. The Earth's
average surface temperature has increased'by 1 degree F m
just over the last century. Consequently, agronomists consider
any assessment has, to be individually consider each local area..
On the other handr agricultural trade has grown in recent
years, and now provides significant amoimts of..fc>od, on a
national level to major importing countries, as well as
comfortable,income to exporting one8. Tire international aspect
of trade and security in terms pf food implies the need to
also consider the effects of climate change- on a global scale.

A study published in Science suggests that, due to climate
change, "sout'nern Africa could lose more,than 30 per ceirt of
its-main crop, maize, by 2030. In South 'Asia -losses of many
regional staples, such as rice, milletand maize could_top 10 per
cent". The .2001 IPCC Third Assessment Rejjort concluded that
the poorest countries would be hardest.tubi with reductions in
crop yields in most tropical and sub-tropiGal regions due to
decreased water availability, and new or changed insect pest
incidence. In Africa and Latin America many rain-fed crops
are near their maximum temperature tolerance, so that yields
are likely to fall sharply for even small climate changes; falls in
agricultural productivity of up to 30 per cent over the 21st
century are projected. Marine life and the fishing mdustry mwill m
also be severely affected in some plac-".

Climate change induced by increasing greenhouse gases
is likely to affect crops differently fromre”on to region,. For



example, average crop yield is expected 7o drop down to 50
per cent in Pakistan according to the UKMO scenario whereas
corn production Ln Europe is expected to grow up to 25 per
cen: in optimum hydrologic conditions.

More favourable effects on yield tend to -depend to a
large extent”on realisation of the potentially beneficial effects
of carbon dioxide on crop growth and increase pf efficiency
in rvater use. Decrease in potential yields is likely to be caused
by shortening of the growing period, decrease in water
availability' land poor verbalization.

Ln the long run, the climatic change cpuld affect agriculture
i'r several Ways:

0 Productivity, in terms of quantity and quality of crops.
> Agriculturnl vr:icticcs, through changes of water use

(irrigafjion) and agricultural inputs such as herbicides,

insecticides and fertilizers.

Envi}-citnT:ei:inl effects, in parncular in relation of frecqu;.-i;cy

and intensity' of soil drainage (leading to nitrogen'

leachirig), soil erosion reduction of crop diversity.

Rural space, through the loss and gain of cultivated lands,
land speculation, land renunciation, and hydraulic
amenities.

*  Adaptiftion, organisms rhay become more or less
cornpejtitive, as well as humans may develop urgency to
develop more competitive organisms, such as flood
resistant or salt resistant varieties of rice.

They ire large uncertainties to uncover, particularly
because th”re is lack of information on many specific local
regions, and include the uncertainties on magnitude of climate
change, the effects of technological chianges on productivity,
g;obal food demands, and the numierous possibilities of
adaptatioh.

Most Agronomists, believe that agricultural produclion
v.'IU be .mcjstly affected by the severity and pace of climate
change, not so much by gradual trends m climate. If change is
gradual, th”*re may be enough time for biota adjustment. Rapid



climate change,, however, .could harm agriculture,:in. many
countries, especially those that are already suffering-from
rather poor soil and climate conditions, because there is less
tim.e for optimum natural selection and adaption.
Climate Change and Agricultural Production in India
In India, the agriculturals.ector represents 35 per cent of.
India's Cross National Product. (GNP) and as such pla5s a,
crucial role in the co.untry's.. development. Fpod grain
production quadrupled durin'gdhe postrindeperidehce era;"
tlris growth is projected to continue. The impact of climate
change on agriculture could result in problems with food
security and may threaten the livelUrood activities upon which
nuich of the population depends. Climate change can affect
crop yields (both positively and negatively); as well as the
types of crops that can be grown in certain areas; by impacting
agricultural inputs such as water for irrigation, amounts of”
.solar radiation .that affect plant growth, as well as the.,
prevalence of pests. Hence an attempt wms made to analyse
the vulnerability .of agricurtural production to climate change,
with the objective of determining differences in climate chcunge
impacts on agriculture by region and by crop,

hlodeis used to Predict Climate Change.by. the

Indian Agricultural Research Institute. (IARI)
Tlae following models were developed by the agricultural
-research instittite, to evaluate the impacts of changes in
temperafure and carbon dioxide on crops: INFOGRQP, a generic
growth model for various crops, was developed by IARI for'
optimal resource and agronomic management options.
INFOCANE, asimple sugarcane growth model, was.developed
by IARI to measure effectsoncane yield. Simple fea'aund coconut
models w'ere developed for fropical India’ and'Sri -Lanka. Pest
damage mechanisms-were cbupled with INFOCROP for
simulatirig the effect of.pests. The use of this model meant that
assessments could be made of the impact -of dimafe-change
and its variability oh ihciddncC of -pests for various crops.
Kteraction'effec of climate'chahgei;' (temperature rise, rainfall
and radiation changes), with irrigation and nitrogen amounts.



and agronomic management practices were established for
various agro™ecologies. These were used to calculate the actual
impact of climate change.on agricultural production as.well for
suggesting agro-and resource management options for
sustaining production in India.

Predicted Climate Change Effects on Agricult-ure
Tlae predicted changes toagriculture vary greatly by region m
and crop. Findiirgs for wheat and rice are reported here:

Wlieat Production

e The study found that increases in temperature (by about
2°C) reduced potential grain yields- in most.places.
Regions with higher potential productivity (such as
northern India) were relatively less impacted by climate
change than, areas with lower potential productivity (the
reduction in yields was much smaller).

= Climate change is also predicted to lead to boundary

changes in areas suitable for growing certain crops.

Reductions in yields as a result of climate change are

predicted to be more pronounced for rain fed crops (as

opposed to irrigated crops) and under limited water
supply situations because there are no coping mechanisms
for rainfall variability.

The difference in yield is influenced by baseline climate.
In sub tropical environments the decrease in potential
wheat yields ranged from 1.5 to 5.8 per cent, while in
tropical areas the decrease was relatively higher,
' suggesting that warmer regions can expect greater crop
losses.
Rice Production
°  Overall, temperature increases are predicted to reduce
rice yields. An increase of 2-4”C is predicted to result in
a reduction in yields.
*  Eastern regions are predicted to be most impac:ted by
increased temperatures and decreased radiation,
resulting in relatively fewer grains and shorter grain
filling durations.



By contrast, potential reductions in yields due -to increased

temperatures in NorthernIndia aie predicted to be offset

by higher radiation, lessening the impacts of climate

change.

Although additional COj can be'inefit crops, this effect

was nullified by an increase of,temperature. 1 i

V/liat are the Policy Implicatioiis of these Predictions

The pdlicy. implications for.climate change impactsm

agriculture are mulh-disciplinar'y, and include. pCssibld
adaptations to;

« .,

«

Food.Secwn'ti/Po/icy. To accoimt for changing crop yields
(increasing in some areas-and decreasing in others)'as
well as shiftiiig boundaries for cro os, and the impact that
this can have on food supply.

Trade Policy: Changes in certain crc'ps can affect imports/
exports, depending on the croj; (this is particularly
relevant for cash crops such as chLlies).

Livelihoods: With agriculture contributing significantly to
GMP, it is critical that policy addjesses issues of loss of
livelihood with changes in crops, as well as the need'to
shift some regions to new crops, and the associated skills
training required.

Water Policy: Because impacts vary kgnificantly". according
to whether-crops are rain fed or irrigated, water oolicy
will need to consider the implications for water demand
of agricultural change due to climate change. =

Adaptive Measures: Policy-makers w: 11also need to consider
adaptive measures.to cope with changing agricultural
patterns. Measures may include the introduction of the
use of alternative crops, changes to cropping patterns,
and promotion of water conservation and irrigation
techniques.

A Case Study on the .Effect of Cliinate Change
on Agricultural Production in Innia

Sushila Kau (2008), analysed the impact of climate change

on agricultural production in India'. '



In order to study the impact of climate change on
prociuctivity/regression equations were estimated.

The results indicate that the variables of fertilizer used,
human lab our, actual rainfall, mean maximum temperature
and mean minimum temperature, explained 73 per cent'of
variation ip the- productivity of Rice. This implies, that
productivity of Rice on per hectare basis is influenced by these
‘variables.. Moreover, the fertilizer use v'ariable had a highly,
sighificanj:'. co-efficient, suggesting a significant impact of
fertilizer use on productivity.

= Surprisingly,-the variables pertaining to actual rainfall
.and maxirnrun temperature, during the growing-period of
the crop, had negative co-efficient, inrplying that these two
variables Pad negative impact on productivity. The mean
minimum temperature had a statistically significant and
positive co-efficient, implying that this var-iable would affect
the productivity of rice positively.

He also estimated regression equations for Rice crop and
climate related variables, using data from various districts of
Orissa sta:e.. The results indicated that the use of fertilizer
variable.h as a negative impact on Jowar productivity, -which
is hot cori'ect on theoretical grounds. However, the human
labour variable has a positive and statistically significant
impact-or Jowar productivity. The deviation from, normal
rainfall ha i laegative impact on productivity. This implies that
rainfall cc ntributes significantly in r.aising producti'. i )® of
Jowar, wh .ch is normally a rain-fed crop. The mean maximum
temperature, during the growing season of the crop had a
negative implication for the crop, while the. minimum
temperature, during the same period, would affect-the crop
prdductiv;,ty positively. The mode, h;rd better fit. In th= state
of Karn'atc.ka, the use of fertilizer has negative impact on the
crop productivity, -which is theoretically inconsistejit.

The- iain;f]air during the cfop growth period has also
negative co-efficient! 'i-Vluereas-mean’maxirnum tefnpsfature
.y-yill ~effecr thei erop- positively- The resuits indicate tha.t .the
"effect of;plimdte related variables have mixed eiffeccs-ori'



productivity of Jowar, asrainfall shows riegative im pact, while,
maxiinum tempetature has a positive effect. However, for
understanding the real, effectof these variables on productivity
of Jowar crop, a detailed stddy is required. n

Need fprrF'urther Research: i = '

Due to the complex i'h't'eractiohVorclim ifnpacts,
combined with varyihg irrigatiphtechniques;'regional fatctdrs,
arid differences"in crop”;'the'detailed factors

"need to be investigated further. w
.Specific recommend”ons fpr further research include;

e Precision in clirnate, change prediction w.ith higher
= resolution on spatial and temporal scales.-

e Linking of predictions with agricultural production

systems to suggest suitable optiorts' for sustaining
agricultural production. :

= Preparation of a database on climate change impacts on
agriculture..

Evaluation, of the impacts of climate change in selected
locations. _

Development of models for pest population dynamics.
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