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~ No one attains perfection by merely giving up work. ~Bhagavad Gita

INTRODUCTION

Several empirical research works has been donedmae the socio-economics of climate
change and its impact on agriculture productiondlase changes and other socio-economic
issues but mainly focused on the developed cowntather than developing world. In my
research work, | focused on Indian situation. & baen commonly believed that developing
countries are more vulnerable to climate change Isecaf their reliance on low-capital
agriculture. It has been assumed, but never tegiatl,low capital agriculture would have
more difficulty adapting to climate changes. Eveougih the ability to project regional
differences in impact is still emerging the consegesnof climate change impact on
agriculture land use are projected torbere drastic in the tropical region like India. The
populations of the developing world are more vulibdg as they are not prepared to withstand
a deleterious impact. The global economic impacts lizedy to be negative for many
developing countries for even the lowest global miamperature increase. The impact of
climate change will fall disproportionately upon d®ping countries and the poor
populations within the countries, and thereby exaaie inequities health status and access to
adequate food, clean water and other resourcesadtiition, poverty and absence of
institutions create conditions of low adaptive @fyain these countries. Most developing
countries e.g. India, lack the necessary infratitrecto deal with such exigent situations as
they are preoccupied with more pressing concercs as malnutrition, drinking water supply,
primary education, a rapidly growing young populati@nd urbanization, lack of
infrastructure, import dependence and the diffieglin maintaining a stable macro economy.
Their environmental concerns are dominated by tleblpm of lack of access to technology
and investment.

Why India Concerned?

India is second most populated country in the worddere the majority ofural population is

dtill dependent on agriculture for their livelihood and over 600 million farmers are involved in
agriculture related activitiesAgriculture and allied activities contribute about 30% to the
gross domestic product of India. India has 52% of cultivable land and varied climates. With
arable land area of 168 million hectares, India saskcond only to the U.S. in size of
agricultural area. India, a developing nation quittnerable to climate change, can also cause
tremendous impact on world food demand.

Aim
The determination of targets has to be based onfayrd analysis of several factors. The core
elements, which can demonstratehimerability in accordance with socio-economic of climate

change impact on agriculture land use changes irarindontext, can be summarized the
following way.

1. How growth rate of agricultural production and yield varies according to the different
climatic zonesin India and also how the socio-economic factors of climhsnge affect
onit?

2. To analyze theindicators of factor inputs on variation of key agricultural sector
productivity and performance, incremental marginal impact of factor inputs of irrigation
on agriculture land use changesin India.



3. To analyze the relationship between the Indiaggést socio-economic problems,
namelyrural poverty and its relation with agricultural performance include the impact
of the other socio-economic and climatic factortugficing it.

4. To analyze also thsocio-economic factors and climate induced vulnerability index in
the different part of India in order to find out the most vulnerable regiorseré
adaptation and mitigation issues.

Hypothesis

India, the second largest populated and one offdhest growing economy in the world,
having several socio-economic issues, which canoy¢ evith the pace of economic growth.
There is a commonly saying in India that “India lives villages” and it is true that
approximately 70% of the population are residinguiral areas and the tremendous growth in
economy is does not truly benefits the rural peoplee most important challenges India is
facing today is poverty, reduction in agricultureguction (mainly destruction of agricultural
land due to urbanization, industrialization andeotblimatic effect) and frequent disasters
because of climate change and vulnerability issues.

The hypothesis behind this research investigatiotoidetermine, how the different major
socio-economic indicators are varying accordinglimate change in India and also to find
out the vulnerability index to determine the impassessment. At the same time, comparative
variations in production, yield, growth rates anthes agricultural dimensions need to be
investigated. Measuring the agricultural land usanges and effect of climate change, can
provide detail idea about how the socio-economicliofiate change phenomenon affect the
agriculture land use change in India.

Summary of my most important hypothesis are given below:
1. Severity of climatic effect (most vulnerable regamr states) in particular regions in

India caused drastic reduction in agriculture patidin and growth rate of yield.

2. Less dependency on modern irrigation technologiethe rural part of India caused
severe impact on irrigation pattern in differenttetaof India caused by socio-
economic impacts of climate change.

3. Rural poverty (most important socio-economic factarlfwlia) is not only related to
agricultural performance of particular region ottetiaut also greatly influenced by the
other socio-economic and climatic factors.

4. Climate change vulnerability in different parts pflia is directly related to the socio-
economic status of the states e.g. less economic tigromfrastructure index,
migratory situation, destruction of coastal agrigrdt land etc.



Material and Methods

Measuring the socio-economics of climate change ilnpaagriculture land use changes in
India can be analyse and calculated in several waysy research work, | used following
methods, which are given below:

1). Literatures analysis and its correlation to thechosen topic

During my research work, | follow several specif@estific research articles both National
and internationally published. | found that morse@rch related to this topic work has been
done in the western world then in India relatechvtitis topic. | followed all those available
and accessible research papers and compared threg8raf them with my own research.

2). Document analysis

During my research studies the most important aspexs t@ get from the Indian

governmental official data’s and documents, whichldqurovide me the with up-to-date

information about the recent changes and trendsocib-economic issues in India, climate
change impact on agriculture land use changes.

3.) Case study

It was necessary for me not only analyzing the dgraknt or impact assessment trends at
national level but also comparing the findings aeslits with regional level too. For this, |
selected India’s biggest state, which located ffedént climatic zones with highly productive
river basins, and is a part of Himalayan tracts alsd one of the most vulnerable regions in
India.

4). Comparative analysis

This analysis was also a very important part of mseaech studies because comparing
different socio-economics, agriculture, land usd atimatic characteristics and trends can
give us broad views on impact assessment and atsosdmerability count. India is a
geographically very large country and the secondt pagulated in the world and that's why
comparative analysis can be beneficial for futbeads and assumptions.

5.). Quantitative and Statistical Methods

During my studies, | collected a bunch of datasetsrder to quantify for result analysis. In
addition to that | also used statistical methods patorrelation and reggration analysis,
cluster analysis to measure the vulnerability antherable zones in India, which was very
useful for the statistical description of my reseanork.

6). SWOT Analysis

SWOT analysis is a strategic planning method usedvaluate the strength, weaknesses,
opportunities and threats involved in my researgictovhich specify the goal of my thesis



and will identify the internal and external factdtat are favourable and unfavourable to
achieve my objectives and aims.

7). Interviews and personal consultations

| concluded interviews and personal consultatioite mational and international experts, also
regional, national and international level whiclvgane great confidence and ideas to carry
out my research work.



RESULTS

Self sufficiency in Indian food grain productiondaits sustainability is in ambiguity due to
the climate variability and change that occurredhia recent past. About 43 % of India’s
geographical area is used for agricultural activitgriculture accounts for approximately 33
per cent of India’'s GDP and employs nearly 62 pat oéthe population. It accounts for 8.56
% of India’'s exports. About one third of the croplain India is irrigated, but rainfed
agriculture is central to the Indian economy. Desfgchnological advances such as improved
crop varieties and irrigation systems, weather dimdate are still playing key role in Indian
agricultural productivity thereby national prosperi

Impact of climate change on agriculture will be on¢he major deciding factors influencing
the future food security of mankind on the eartiriéulture is not only sensitive to climate
change but at the same time is one of the majorrdriee climate change. Understanding the
weather changes over a period of time and adjustiegmanagement practices towards
achieving better harvest is a challenge to the tirmf/agricultural sector as a whole.

The climate sensitivity of agriculture is uncertaas there is regional variation of rainfall,
temperature, crops and cropping system, soils anchgeament practices. The interannual
variations in temperature and precipitation were miiginer than the predicted changes in
temperature and precipitation. The crop losses mergase if the predicted climate change
increases the climate variability. Different crogspond differently as the global warming
will have a complex impact.

India, being a large country, experiences widetilatons in climatic conditions with cold
winters in the North, tropical climate in South,daregion in West, wet climate in the East,
marine climate in coastline and dry continental ctena interior. A likely impact of climate
change on agricultural productivity in India is salg a great concern to the scientists and
planners as it can hinder their attempts for achgWiousehold food security. Food grain
requirements in the country (both human and catt@)ld reach about 300 mt in 2020. The
question that is of great concern is that, withateming increase in GHG concentration and
its expected impact on climate, will it be possitlechieve the targeted production?

| observed that during the past decades, significhanges in climate are observed over
different regions of the country. For example, maayts of northern India show increase in
minimum temperature by aboutClin rabi cropping season. However, mean temperatures are
misleading as some of the individual regions cowdildt a larger variation with a larger
impact onrabi crop production. | presented a case study of acfu@ahge in temperature in
North India. They brought out that while the meantainperatures over the wheat growing
regions were high by 1°C over a period of 15 days (January 16 to Febrajryhe actual
temperature rise was 2.3 to 4.50C in the major wpeatucing region of Punjab and
Haryana.

Through these studies | projected the serious tsffefcregional temperature on productivity
of major crops. They further added that in view lté proportionate production changes in
major food crops, viz., rice and wheat, over thargethe dependence on rice and wheat has
increased considerably. Therefore, any factor waild influence the productivity through
climatic change would affect the food security of thation, as both these crops are sensitive
to temperature variations. The arrival and perforteaof the monsoon is no insignificant



matter in India every year, and is avidly trackedthe national media. This is because most
of the states in the Country are largely dependentainfall for irrigation. Any change in
rainfall patterns poses a serious threat to adtirel and therefore to the country’s economy
and food security. Owing to global warming, thiseally unpredictable weather system could
become even more undependallemi-arid regions of western India are expectecteive
higher than normal rainfall as temperatures soarlewbéntral India will experience a
decrease of between 10 and 20 per cent in winfafataby 2050. Agriculture will be
adversely affected not only by an increase or @serén the overall amounts of rainfall, but
also by shifts in the timing of rainfall. For instan over the last few years, the Chhattisgarh
region has received less than its share of pre-nmonsbowers in May and June. These
showers are important to ensure adequate moistufields being prepared for rice crops.
Agriculture will be worst affected in the coastaljions of Gujarat and Maharashtra, where
agriculturally fertile areas are vulnerable to idation and salinisation. Standing crop in these
regions is also more likely to be damaged due ttooye activity. In Rajasthan, &@ rise in
temperature was estimated to reduce productionant pellet by 10-15 per cent. The State of
Madhya Pradesh, where soybean is grown on 77 per afeall agricultural land, could
dubiously benefit from an increase in carbon dioxid¢he atmosphere. According to some
studies, soybean yields could go up by as muclDgseb cent if the concentration of carbon
dioxide in the atmosphere doubles. However, if thisrease in carbon dioxide is
accompanied by an increase in temperature, as egpelogn soybean yields could actually
decrease. If the maximum and minimum temperatures duoy and 1.8C respectively,
the gain in yield comes down to 35 per cent. If maximmand minimum temperatures rise by
3°C and 3.5C, respectively then soybean vyields will decreagéive per cent compared to
1998. Changes in the soil, pests and weeds brooghtlimate change will also affect
agriculture in India. For instance, the amount of shok in the soil will be affected by
changes in factors such as precipitation, runadf @mporation.

Figure 1: Main economic trendsin India during 2001-2008.
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Source: Own construction based on Ministry of Fasmdia

From the statistical analysis of food productionisitevident that supply response of food
production is greatly influenced by irrigation afedltilizer usage. Irrigation has been and is a
crucial factor for reducing the fluctuation in fopdoduction in last decade. It is however,
true that now with over 50% of rainfed the areaamdainfall is still one of the most
important factors determining average yield. Dugagaries in rainfall, | observe fluctuation
in yield. In the year 2006 out of 89 million tonrafsrice production nearly 30 million tonnes
were produced in area without irrigation. In catavbeat, out of 56 million tonnes only 6 %
of the total production comes from rain fed area.

There is also a growing concern about the growtéh e@yield. In the period 1980-1990, yield
of food grain was increasing at 3.2% per year buhe next decade the growth has slowed
down to 1.7%. The slow growth in yield may be cdnited by declining groundwater table,
salinity intrusion and overuse of fertilizer. Tlsi®w growth of yield is prominent in the north
zone where growth in food grain yield is not sigrahtly higher compare to other geographic
zones. This is also the region where fertilizergaeses very high and contributes more than
30% of the relative change in yield.

Figure 2: Growth rate of (i) area, (ii) production and (iii) yield of staple crops of India
from 1994-95 to 2007-08
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The incremental effect of factor inputs has beem @fithe controversial issues in literature of
rural development. Declining international food pechave raised questions on the
commonly held perception on usefulness of severbfanputs (such as irrigation, road,
agriculture research, extension, etc.) in agricaltgrowth, and past policy thrust for
maintaining regional food security (food produc)i@xamination of cross-state panel data
analysis for irrigation and related factor conttibn to the agricultural growth and
development in India quantifies the incremental bigmedf major factor inputs (such as
irrigation, crop technology and infrastructures) aver time variation of agricultural
performance and agricultural productivity across $etes in India discussing the policy
implications of these findings. This is done usingul time series and cross section data of
14 major states of India for the period of 1970@0&, which accounts for more than 90 % of
the agrarian economy of the country. It adoptedieffect panel model with weighted least
squared estimation technique (Generalized Leastr8deahnique) to correct for scale and
size effect related biases associated with statd Bggregate data series across the states in
India. It proved my hypothesis that the severity of climatic effect (most vulnerable regions or



states) in particular regions in India caused drastic reduction in agriculture production and
growth rate of yield also proved that the Less dependency on modern irrigation technologies
in the rural part of India caused severe impact on irrigation pattern in different states of India
caused by socio-economic impacts of climate change.

Given the facts about the likely impacts of climabarge, India has several reasons to be
concerned about climate change. India being a dpire country is primarily dependent on
climate sensitive factors like agriculture and femgswvhich account for a major portion of its
GDP and also has low financial adaptive capacitiiis Tmakes India more vulnerable.
Although there is uncertainty about the degreéefinpacts because of coexistence of many
processes like presence of multiple climatic cond#j non climatic stress and regional scale
variations there is bound to be some impact.

The research pertaining vulnerability from the exte climatic events in India as well as the
data on exposure indicate that the coastal distioct the East Coast experience extreme
events such as storms and depressions more thaittgisin the western coast, with the
exception of a few districts in Gujarat. Impactdtedse events, apart from those related to life
and property are likely to be on agriculture, igfracture and on the population and human
settlements of the area in concefhe eastern coast districts are major producers of ricein
India, and adverse effects of climate change will have an impact on production and
availability of food grains in the country. The research shows that thekertfalls have the
potential to create market imbalances which can further lead to fluctuationsin the market and
prices of food. Agricultural production in these coastal areas is heavily dependent oratit
conditions, as despite the availability of irrigatifacilities they are heavily dependent on
rainfall.

The analysis carried out in my research points bat the clusters of districts with poor
infrastructure and demographic development are alsgdgions of maximum vulnerability.
Some districts exhibit very low rate of growth irffrastructure, alongside a high growth rate
of population. Also these districts show a highengity of population. Hence any occurrence
of extreme events is likely to be more catastrophioature for the people living in these
districts. Moreover, the lower the district is @rms of infrastructure index and the growth of
it, the more exposed it is to the potential damage fextreme events and hence people living
in these regions are likely to be highly vulneralhlewer levels of infrastructure will result in
lower adaptive capacity of the people to hedgerafjahe catastrophe. Furthermore, people
living in absolute poverty will not be able to copp with the challenges posed by climate
change.Therefore, the analysis carried out in my research suggests that climate change
policies have to be integrated in to sustainable devel opment strategiesin general, and poverty
alleviation measures, in particular.

Figure 3: Sources and Dimensions of Vulnerability
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From the analysis of the results obtained from tifeastructure and demographic sector,
frequency of extreme events and the vulnerabitidlek, | have many important observations.
The clusters of didtricts of low infrastructure and demographic development are also the
regions of maximum wvulnerability. The growth rate of infrastructure index is very low and
growth rate of population is on the higher side. Also these districts show a high value for the
density of population. Hence any occurrence of extreme events is likelyete@atastrophic in
nature for the people. Also the low levels of isfracture in these districts will have an
impact on the adaptation levels of the people. tgodamages to physical infrastructure will
be to a greater extent in these districts due &high vulnerability. This will make the
problem of adaptation more chronic in natu@a the part of policy formulation a greater
attention is required from policy makers to this problem. As pointed out in the result, low
levels of development and high poverty in the areas is a much greater problem to be dealt
with as this has a direct impact on the prospects of current and future vulnerability of the
people living in these areas. It proved my hypothesis that Climate change vulnerability in
different parts of India is directly related to the socio-economic status of the states e.g. less
economic growth, infragtructure index, migratory dstuation, destruction of coastal
agricultural land etc.

It is clear that in the case of a developing coudike India fundamental issues like
alleviation of poverty and fulfilling the basic aditions for human development are of
primary concern but the importance of climate chacegegot be neglected. What is required
is a development strategy that encompasses both tlheserns. Therefore climate change
policies have to be integrated in to sustainableeld@ment strategy such as control of
pollution. Evidence of observed impacts of regiod@hate changes from socio-economic
systems is much scanty than from physical and bicdbgystems. Methodologically it is
very difficult to separate climate effects from otlfi@ctors such as technological change and
economic development, because of the complexitiisese systems. Vulnerability to climate
change and climate variability is a function of espre and adaptive capacity.
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Exposure varies from region to region, sector tdsse@nd community-to-community and
adaptive capacity may be even more variable. Thetagacapacity of socioeconomic
systems also contributes to the difficulty of doamting effects of regional climate changes;
observable effects may be adaptations to a climaagehrather than direct impacts. A lot
will depend on area in concern, the amount of ecoo@iivity, physical infrastructure, and
social infrastructure of the area and also natticisaster management policies formulated by
the policy makers to hedge against the extreme irmgdatlimate change. Also the extent of
the impacts will depend on the disaster mitigatioatsgies available at the area in concern.
Also a more comprehensive study should try to captiueelinkages between poverty and
climate change. Poor people and poor countries findifficult to cope with climate
variability. Floods in Uttar Pradesh and Bihar éotample challenge the poverty reduction
programs. They have a negative impact also on tief eand rehabilitation efforts and result
in loss of assets thereby reducing the abilityhefppoor to cope up with the impacts of climate
change. Impacts from climate change severely thretitendevelopmental efforts and
opportunities across developing countries. Thiseiases the vulnerability of the people in
developing countries like India. People living ioverty will not be able to cope with the
challenges posed by climate change. The situatioorbes devastating for the people living
in abject poverty that is the people living sigcdfintly below poverty line. Actions to enhance
the ability of the poor to cope up with climate charshould aim not only to reduce poverty
but also increase the resilience of the poor. dves my hypothesis that the rural poverty is
not only related to agricultural performance of jgatar region or state but also greatly
influenced by the other socio-economic and climizotors.

CONCLUSION AND RECOMMENDATIONS

The relationships between climate change and agureuland use changes are complex and
manifold. They involve climatic and environmental esfs, social and economic responses.
These last can take either the form of autonomoastioms or of planned economic or

technological policies. This picture is complicatétdeed climate change and agriculture
interdependencies evolve dynamically over time, thiégyn span over a large time and space
scale and are still surrounded by large uncer&sntiThe environmental and the socio-
economic dimensions are strongly interwined in modethe relationship between climate

change and agriculture land use changes. Both ttebé accurately taken into account in

order to eventually produce a reliable picturehef tomplexities involved.

Agriculture is one of the most important human atigei It is still one of the main sources of
income and productive sector in developing countiiles India. It provides a fundamental
contribution to welfare and socioeconomic developmétcordingly, a relevant shock
affecting the agricultural sector is likely to drigte a whole set of responses in the socio-
economic system. These responses span from the aktdgoel up to the national economic
level. They can be considered adaptation procdsséise changing environment; in some
cases they are autonomous reactions driven byresglfiatory mechanisms, in some other
cases they respond to specific and planned paiteyventions.

Agriculture is one sector, which is immediately atésl by climate change, but it is expected
that the impact on global agricultural production mbg small. However, regional
vulnerabilities to food deficits may increase. Shortlong-term fluctuations in weather
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patterns - climate variability and climate changean influence crop yields and can force
farmers to adopt new agricultural practices in respdo altered climatic conditions. Climate
variability / change, therefore, have a direct iotpan food security. The potential effect of
climate change on agriculture is the shifts in theisg time and length of growing seasons
geographically, which would alter planting and hesting dates of crops and varieties
currently used in a particular area. Seasonal jpitation distribution patterns and amounts
could change due to climate change. With warmer égaipres, evapotranspiration rates
would rise, which would call for much greater eféiacy of water use. Also weed and insect
pest ranges could shift. Perhaps most important lpfttedre is general agreement that in
addition to changing climate, there would likely ipereased variability in weather, which
might mean more frequent extreme events such as lawaswdroughts and floods.

If no climate policy interventions are made to mitegdhe effects of climate change on
agriculture the result would be a significant dase=in potential yield in most tropical and
subtropical regions due to increase in temperatirailarly, in mid-latitudes, crop models
indicate that warming of less than a few degreeiu®land the associated increase in,CO
concentrations will lead to positive responses gricaltural productivity. In tropical
agricultural areas, similar assessments indicateytblats of some crops would decrease with
even minimal increases in temperature because treeyear their maximum temperature
tolerance.

Understanding climate change and its implicationggnicultural production is essential for
the rural population in India as 65 to 70 percednt & dependent on agriculture. With ever-
increasing population over the last six decades,ctiuntry has become more vulnerable to
climate change, which varies across regions and amsogal groups. Therefore,
understanding the regional and local dimensionsubfierability is extremely important to
develop appropriate adaptation strategies. Alsaticrg public awareness on climate change
and its impacts on various agricultural productsystems, the economy and the livelihoods
of rural population is required to balance econognawth with resource conservation.
Climate change, it appears is now underway. Clinshgnge is a global problem and India
will also feel the heat. Nearly 700 million ruralgpde in India directly depend on climate-
sensitive sectors (agriculture, forests and figs@rand natural resources (water, biodiversity,
mangroves, coastal zones and grasslands) for thdisistence and livelihood. Under
changing climate, food security of the Country migbime under threat. In addition, the
adaptive capacity of dry-land farmers, forest arastal communities is low.

Climate change is likely to impact all the naturab®cstems as well as health. Increase in
weather extremes like torrential rains, heat wawek] waves and floods besides year-to-year
variability in rainfall affects agricultural prodtidity significantly and leads to stagnation/
decline in production across various agro-climatimes. To mitigate the climate change
effects on agricultural production and productiviéyrange of adaptive strategies need to be
considered. Changing cropping calendars and pattéirbe the immediate best available
option with available crop varieties to mitigate ttlenate change impact. The options like
introducing new cropping sequences, late or earlturimg crop varieties depending on the
available growing season, conserving soil moistbreugh appropriate tillage practices and
efficient water harvesting techniques are also ingmtr Developing heat and drought tolerant
crop varieties by utilizing genetic resources timaty be better adapted to new climatic and
atmospheric conditions should be the long-termesgsatGenetic manipulation may also help
to exploit the beneficial effects of increased G crop growth and water use. One of the
promising approaches would be gene pyramiding torexghthe adaptation capacity of plants
to climatic change inputs (Mangala Rai, 2007). Theréhus an urgent need to address the
climate change and variability issues holisticatigough improving the natural resource base,
diversifying cropping systems, adapting farming teys approach, strengthening of
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extension system and institutional support. Latesprovements in biotechnology and
information technologies need to be used for bettgicultural planning and weather based
management to enhance the agricultural productieitthe Country and meet the future
challenges of climate change in the dryland regadriedia.

Some Important Recommendations for Government of India

1. Poverty reduction and economic growth can bgtimee objectives of national policy.

2. Despite the uncertainties surrounding climatengba the risks of potentially adverse

impacts on the food chain, coastal zones and inedeascurrence of extreme events should
be avoided by early action.

3. Creating a vulnerability profiles for India tdinsate change and agricultural trade

liberalization is proposed at district level. Thdnerability mapping revealed regions of high

double exposure.

4. Identification of national and international fiakpolicy measures supporting adaptation
responses in regions of India vulnerable to clinch@Enge and globalization.

14
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NEW FINDINGS

. In India, growth rate of yield varies simultaneoudipending on the climatic zones

with the growth rate of irrigation patterns andtifezer application. For example, the
slow growth in yield is accompanied by declining grd water table, salinity
intrusion and overuse of fertilizer. This slow gtovef yield is prominent in the north
zone where growth in food grain yield is not sigrahtly higher compared to other
geographic zones. This is also the region whetéiZer application is very high and
contributing more than 30% of the relative changgiehd.

. By using the actually realized indicators of factmputs on variation of key

agricultural sector productivity and performanceanthithe level of sector specific
governmental spending used in several researchestutly analysis has factored out
the incremental marginal impact of factor inputs ibedter more reliable and more
sophisticated way than past studies. My reseatalydias also addressed some of the
issues on marginal factor contribution in agricdtuthat were not addressed
(unresolved) earlier. The findings from this resharstudy contribute to
methodological development on estimation of factorstrdoution to agriculture
productivity growth, and to designing an effectiaad efficient investment and
financing policies in irrigation and other sectofsagriculture and rural development
in general. The research findings are equally apple in the context of other
developing countries, even outside of India, withilar constraints and opportunities
for agricultural and rural development.

. The relationship between rural poverty and agngalt performance is much

dependent upon the level of aggregation at whiehatmalysis if conducted with the
all-India results in presenting a somewhat diffeneisture from that obtained at the
level of individual states. Analysis carried outla¢ state level shows that there may
be processes at work in the rural economy whicgea increase poverty over time.
These results are open to the interpretation @patdtural growth offsets the adverse
impact to other factors so that only agriculture geow fast enough, so it is likely to
reduce the incidence of rural poverty. Howevers ihterpretation rests crucially on
the assumption that increased agricultural outpaitbeaobtained without exacerbating
those unidentified factors which tend to increasalrpoverty, and which are reflected
in the time term in our regressions. It is in thimiext that the evidence from Uttar
Pradesh is disquieting, although, again, there eaneumber of reasons why this
evidence may be misleading.

. The clusters of districts in India of low infrastture and socio-economic

development are also the regions of maximum vulnetgbil



Summary

Climate change is one of the most important globalirenmental challenges, with
implications for food production, water supply, hbkalenergy, etc. Addressing climate
change requires a good scientific understandingedisas coordinated action both at national
and global level.

The issue of highest importance to developing céesis reducing the vulnerability of their
natural and socio-economic systems to the projectedate change. India and other
developing countries will face the challenge of rpating mitigation and adaptation
strategies, bearing the cost of such an effort,irichplications for economic development.

Over time, there has been a visible shift in thabgl climate change discussions towards
adaptation. Adaptation can complement mitigation asost-effective strategy to reduce
climate change risks. The impact of climate changpriggected to have different effects
within and between countries. Mitigation and ad@pta actions can, if appropriately
designed, advance sustainable development and dupthywithin and across countries and
between generations. One approach to balancingtthetion on adaptation and mitigation
strategies is to compare the costs and benefitethf the strategies. If adaptation of climate
change could be carried out at negligible cost lasa expensive way, at least in the short-
term, than any alternate strategy. Of course, tlaee complications in establishing the
benefits of adaptation policies and consequentdaebidamages. Furthermore, there are
significant co-benefits of many mitigation and addiph measures, which need to be
estimated. The co-benefits could play a criticdleron making decisions regarding the
adoption of any mitigation or adaptation strategy.

The impact of mitigation will only be felt in therig run by the future generations. However,
the impacts or benefits of adaptation measures aredimteeand felt by the implementations
of the measures. The regions implementing the midgatieasures could be different from
the regions experiencing its impacts. The currenegion of industrialized countries may
invest in mitigation measures and the main benef@sanay be the next generation largely in
the developing countries. The choice between mitigeind adaptation strategies has spatial
(geographic) and temporal (different generations)ethisions. An optimal mix of mitigation
and adaptation strategies may elude the climatetia¢igos due to the spatial and temporal
dimensions, as well as the differing perceptionsndiistrialized and developing countries.
Under the Kyoto Protocol and UNFCCC, developingntoas have insisted that Annex-I
countries demonstrate commitment by promoting mitigatie@asures domestically and
provide resources for adaptation measures in deingjamuntries. However, over emphasis
on adaptation might inhibit concerted mitigation et by the Annex | governments, as
adaptation measures are implemented and rewardetlylo€onsequently, there is no
incentive to participate in international negotias, if a country considers itself to be able to
fully adapt to climate change.

The Cost of addressing and not addressing climate change for India: India has potential to

supply substantial mitigation at a relatively lowcget Major opportunities exist both on the
supply and demand side of energy, in case of caguissions. India is a large developing
country with diverse climatic zones. The livelihootlvast population depends on climate-
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sensitive economic sectors like agriculture, fosesind fisheries. The climate change
vulnerability and impact studies in India assume tdghree of uncertainty in the assessment
due to ‘... limited understanding of many critical pgeses in the climate system, existence of
multiple climatic and non-climatic stresses, regies@dle variations and nonlinearity ...".
The costs of not addressing climate change or &ptath it are very uncertain, but their
welfare consequences are enormous. Early actioredaptation therefore are prudent and
consistent from the viewpoint of ‘precautionary gipie’. The future regime architecture can
reduce the climate burden by giving greater emght@siadaptation, e.g. via an Adaptation
Protocol, whereby mandatory funding by industrializzountries could support adaptation
activities in developing countries. Additional myli options like support for adaptation
planning and implementation creation of a publiesgteé insurance mechanism and alignment
of climate funds and development assistance can pyaa for gaining added benefits.
Some of the critical scientific issues that neebdd@ddressed include the following:

* Many uncertainties continue to limit the ability detect, attribute and understand the
current climate change and to project what futuireate changes may be, particularly
at the regional level. Further, there is a neelintophysical climate-biogeochemical
models with models of the human system in order toigeokbetter understanding of
possible cause- effect-cause patterns linking huarah non-human components of
earth systems.

» Improved understanding of the exposure, sensitigitigptability and vulnerability of
physical, ecological and social systems to climhtnge at regional and local level.

« Evaluation of climate mitigation options in the text of development, sustainability
and equity at regional, national and global levetifferent sectors (energy and non-

energy).

* To develop sustainable and equitable internatiopdtocols, mechanisms and
financial arrangements to promote mitigation and tadagm to achieve the goals of
Article 2 of the UNFCCC.

India is a large developing country with nearly 78%the population depending directly on
the climate sensitive sectors such as agricultisbefies and forests. The projected climate
change under various scenarios is likely to havpligations on food production, water
supply, biodiversity and livelihoods. Thus, Indiasha significant stake in scientific
advancement as well as an international understgridipromote mitigation and adaptation.
This requires improved scientific understanding, acéty building, networking and broad
consultation processes.
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