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Abstact 

Climate change is, in theory, the perfect topic 

for global discussion. It is a growing global 

problem and concern, calling for concerted 

efforts by the developed as well as 

developing countries. The chief factor that is 

responsible for the climate change is the 

"greenhouse effect". The extra greenhouse 

gases (GHG) – India ranking 4th in GHG 

emission – which we have released – are 

responsible for the strongest threat namely 

the "global warming". Global warming is 

projected to have far-reaching and intense 

impacts on conditions affecting agriculture, 

including temperature, carbon dioxide, 

glacial run-off, precipitation and the 

interaction of these elements. Already the 

effects are visible, making many people, 

especially those dependent on agriculture, 

vulnerable. Concerns about the impact of 

climate change on agriculture connected with 

environmental problems are among the major 

developmental issues in India today. The 

Gangotri glacier is already retreating at a rate 

of 30 metres a year. An increase in rainfall is 

simulated over the eastern region of India but 

the north-western deserts may see a small 

decrease in the absolute amount of rainfall. 

Diseases for human, crops and animals are 

on the rise. There is risk of continuous fall in 

productivity and production. Climate change 

and  

 

 

vulnerability have physical, financial and 

ethical implications. Sustainable 

development needs climate stabilisation. The 

objectives of this paper are – one to analyse 

the impact of climate change on  

 

Indian agriculture, and two, to suggest 

strategies and actions to mitigate the problem 

and the challenges ahead. Our  

 

emphasis is on civic response that combines 

international policy agreements with 

autonomous and local efforts in keeping with 

geo-political and economic conditions. It 

seeks to integrate knowledge (including 

research) and action for and by the people at 

the levels of farming as well as framing 

polices. 

Introduction 

Climate change is, in theory, the perfect topic 

for global discussion. It is a growing global 

problem and concern, calling for concerted 

efforts by the developed as well as 

developing countries. “Climate change is 

now affecting every country on every 

continent. It is disrupting national economies 

and affecting lives, costing people, 

communities and countries dearly today and 

even more tomorrow. People are 

experiencing the significant impacts of 

climate change, which include changing 

weather patterns, rising sea level, and more 

extreme weather events. The poorest and 

most vulnerable people are being affected the 

most.” – Goal 13, UN Sustainable 

Development Goalsthe last hundred years, 

earth’s climate has changed drastically. The 

earth’s temperature has become warmer than 

before and it has had almost immediate 

effects on coastal areas, small islands, food 

security, health etc.2 In some way or the 

other, the whole problem of climate change 

has more to do with the way human beings 

have been conducting their lives, mostly in 

the era of urbanization and industrialization.3 

Despite the very recent attention of the 

global community towards this problem, the 

debate on climate change has thankfully 

begun and is likely to get more and more 

complex as one tries to find answers to solve 

the problem. But, nodebate on climate 

change can take place if it does not take 

within its fold the phrase ‘responsibility for 

damage to the environment’.4 Countries 

have debated the issue, that, who should take 

responsibility for the damage that has already 194 
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been done to the environment and is it 

possible to bring climate change within a 

legal framework so that further damage can 

be avoided. Note that, for any action to 

prevent further damage to the environment, 

countries both developing and developed, 

first need to look to their domestic laws and 

policies. Especially, developing countries 

may have to shoulder the burden a bit more 

because on one hand they have to balance 

growth and on the other climate related 

issues. The United Nations Framework 

Convention on Climate Change (hereinafter 

UNFCCC), which provides an outline to the 

parties to address the causes of climate 

change, defines climate change as “a change 

of climate which is attributed directly or 

indirectly to human activity that alters the 

composition of the global atmosphere and 

which is in addition to natural climate 

variability observed over comparable time 

periods.” 6 Simply put, climate change or 

global warming is an increase in global 

average temperatures that will have a largely 

negative effect on ecosystems across the 

world. 7 The overexploitation of natural 

resources and increasing environmental 

pollution has already triggered the harmful 

effects of climate change on people’s lives. 

A rise in global average temperatures is 

likely to only worsen the current condition of 

human health and safety. 8industrialization 

and economic growth.” 13 India faces an 

alarming  environmental and 

socioeconomic challenge in its effort to 

protect its fast depleting natural resources. 

Water and air quality are worsening day by 

day due to increase of various pollutants in 

the atmosphere. In addition, the sectors that 

will be subjected to the highest exposure to 

climate change are the country’s coastal eco-

systems, biodiversity and agricultural

 productivity. industrialization and 

economic growth.” 13 India faces an 

alarming environmental and socioeconomic 

challenge in its effort to protect its fast 

depleting natural resources. Water and air 

quality are worsening day by day due to 

increase of various pollutants in the 

atmosphere. In addition, the sectors that will 

be subjected to the highest exposure to 

climate change are the country’s coastal eco-

systems, biodiversity and agricultural 

productivity.14 Besides, the region is already 

subject to natural hazards, such as the 2013 

Uttarakhand floodslandslides, the 2015 

Chennai flood and the 2016 drought. There is 

also anevidence of prominent increases in 

the intensity and/or frequency of many 

extreme weather events such as heat waves, 

extended dry spells and intense rainfall. The 

adverse impacts of such disasters range from 

hunger, vulnerability to diseases, loss of 

income and livelihoods.15 As per the World 

Bank, an increase of 2°C in the world’s 

average temperature in the next few decades 

will only make India’s monsoon more 

unpredictable. The shift in rain patterns 

across India is predicted to leave a number of 

areas under water and others without enough 

water even for drinking.16 “In India, more 

than 60% of the crop area is rain-fed, making 

it highly vulnerable to climate-induced 

changes in precipitation patterns. It is 

estimated that by the 2050s, with a 

temperature increase of 2°C-2.5°C compared 

to pre-industrial levels, water for agricultural 

production in the river basins of the Indus, 

Ganges and Brahmaputra will reduce further 

and may impact food adequacy for some 63 

million people.” Climate Change and 

Agriculture in India India’s climate system 

has unique features. It is dominated by the 

summer or Southwest monsoon (and to a 

lesser extent the winter or Northeast 

monsoon) and by the country’s physiological 

features such as the Western and Eastern 

Ghats, the central plateau and the Himalayas. 

The summer monsoon and the rains that it 

brings are a major weather phenomenon in 

the Indian subcontinent and deeply 

influences the lives of its inhabitants. It is a 

four-month period (June–September) when 

massive convective thunderstorms dominate 

India’s weather, and is the Earth’s most 

productive wet season (Collier and Webb, 

2002). This season provides over 80% of 

India’s rainfall (Bagla, 2006, 2012). Thus the 

quantity, temporal and spatial distribution of 

the precipitation (rainfall) accompanying the 

monsoon is its most monitored component 

and is particularly important for agriculture. 

The summer monsoon is also the most 

economically important weather pattern to 

the extent that then Indian Finance Minister 

(Pranab Mukherjee) called it “the real 

finance minister” (Hindustan Times, 2010). 

More recently, the Governor of India’s 195 
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central bank (Reserve Bank of India or RBI) 

was also quoted as saying “(A)nd most 

importantly we also chase monsoon like 

millions of farmers across the country. So, 

the monsoon outlook, the monsoon 

performance is going to be the important 

factor in determining the RBI policy in the 

next three months” (Economic Times, 2013). 

Yet the Indian monsoon is “only partially 

understood and notoriously difficult to 

predict” (Wikipedia, 2012). Though the 

dependence of agriculture on the summer 

monsoon has reduced somewhat lately due to 

increased irrigation and better drought  

management,  Fig. A.1 

S. Gupta, P. Sen & S. Srinivasan 1450001-4 

shows clearly how the two have marched in 

lockstep. This is not surprising since,  out  of  

the  total  net  sown  area of 

141.0 million hectares (Mha) in India, rain-

fed area accounts for 85.0 Mha spreadover 

177 districts. This constitutes approximately 

60% of the total farming area in the country. 

Rain-fed agriculture contributes 44% of the 

total food grain production of the country 

and produces 75% of pulses and more than 

90% of sorghum, millet and groundnut from 

arid and semi-arid regions. Even after half a 

century of lopsided policies that have 

focused on pockets of the country and 

specific crops, rain-fed regions provide 

livelihood to nearly 50% of the total rural 

workforce and sustain 60% of cattle 

population of the country (MNI et al., 2009). 

Keeping in view the peculiarities of India’s    

climate    and    of    the   summer 

monsoon in particular, in a recent exercise a 

RCM with 50 km resolution, namely, 

PRECIS was deployed to dynamically 

downscale global model simulations and 

superimpose regional details from India 

(GoI, 2010). This exercise coupled with long 

instrumental records allows us to capture 

past trends and also make projections for key 

climate variables such as temperature and 

rainfall within the country at a disaggregated 

level. As mentioned earlier, for India as a 

whole, mean annual temperature shows a 

significant warming trend of 0.51C per 100 

years during the period 1901–2007 

(Kothawale et al., 2010). More important, 

accelerated warming has been observed in 

the last approximately 40 years (1971–2007), 

mainly due to intense warming in the recent 

decade 1998–2007.7 Increases in the mean 

have been accompanied by a rise in both 

maximum and minimum temperatures at the 

all India level — by 0.71 and 0.27C, 

respectively, per 100 years during the period 

1901–2007. Also, as with mean temperature, 

there has been acceleration in trends of both 

maximum and minimum temperatures during 

1971–2007. At the regional level, the 

homogenous regions8 of East coast, West 

coast and the peninsula show an increasing 

trend in the frequency9 of hot days but 

Northern India (North of 22 

N) does not. With respect to the frequency of 

cold days, however, all seven homogenous 

regions show a decreasing trend (in the 

frequency of cold days). With regard to 

precipitation, Indian monsoon rainfall from 

1871–2009 shows only a slight negative 

trend. But there is significant spatial 

variation in these trends over this period. 

Also, there is an increase in extreme rainfall 

events and their intensities (GoI, 2010; Sen 

Roy and Balling, 2004). Projections for 

climate in the medium-run for India seem to 

indicate it will be warmer and wetter but 

with significant regional variation. Overall 

there will be (i) an increase in average 

surface temperature by 2–4C, (ii) changes in 

the distribution of rainfall (inter-temporal 

and spatial) during both monsoon and non-

monsoon months, (iii) decrease in the 

number of rainy days by more than 15 days, 

(iv) an increase in theintensity of rainfall

 by 1–4mm/da 

Impact of climate change on soil. 

The soil system responds to the short-term 

events such as episodic infiltration of rainfall 

and also undergoes long-term temperature 

regime. Drier soil conditions will suppress 

both root growth and decomposition of 

organic matter and will increase vulnerability 

to erosion. Increased evaporation from the 

soil and accelerated transpiration from the 

plants themselves will  cause   soil   moisture   

stress. changes such as physical and chemical 

weathering due to climatic change. The 

potential changes in the soil forming factors 

directly resulting from global climate change 

would be in the organic matter supply, 

temperature regimes, hydrology and changes 

in the potential evapotranspiration. Both the 196 
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organic matter and carbon to nitrogen 

ratio(C: N ratio) will diminish in a warmer 

soil 

Impact on pests, diseases and weeds 

Incidence of pest and diseases would be most 

severe in tropical regions due to favourable 

climate/weather conditions, multiple 

cropping and availability of alternate pests 

throughout the year. Climate change is likely 

to cause a spread of tropical and subtropical 

weed species into temperate areas and to 

increase the numbers of many temperate 

weed species currently limited by the low 

temperature at high latitudes. 

The above facts demand urgent measures, 

from the scientific community and the 

government. Some of the adaptation 

measures at the farmers’ level could be: 

Longer-season cultivars can be sown to 

provide a steadier yield under more variable 

conditions. Late maturing varieties and 

alteration of time of sowing to take 

advantage of the longer growing seasons 

needs to be adopted. Changes in cropping 

pattern (shift from rice–wheat cropping 

system to other favourable crop mix) may be 

adopted. Crop diversification in Canada and 

in China has been identified as an adaptive 

response. Heat and drought tolerant, pest 

resistant, salt tolerant varieties would be 

beneficial. Genetic engineering and gene 

mapping offer the potential for introducing a 

wider range of traits. Minimum, reduced or 

conservation tillage technologies, in 

combination withplanting of cover crops and 

green manure crops, offer substantial 

possibilities to reverse existing soil organic 

matter, soil moisture, soil erosion, and 

nutrient loss to combat further losses due to 

climate change. Water resources in the semi-

arid regions are expected to decrease due to 

climate change. Increased evaporation 

(resulting from higher temperature), 

combined with changes in precipitation 

characteristics (amount, variability and 

frequency), has the potential to affect 

agriculture - the predominant user of water. 

Better water management is required for 

enhancing crop productivity and ensuring 

food security. Generally, irrigated agriculture 

is less adversely affected than dry land 

agriculture but adding irrigation is a costly 

affair as it is dependent upon the availability 

of water supplies. Added nitrogen and other 

fertilizers would likely be necessary to take 

full advantage of the CO2 effect but may 

have deleterious effects on humans and 

aquatic ecosystems. 

Water and nutrient management thus, have to 

be redefined in various agro-ecologies to 

meet the future demands. 

Strategies for facing the challenge 

Specific measures can only provide a 

successful adaptive response if they are 

adopted in appropriate situations. A variety 

of issues need to be considered, including 

land-use planning, watershed management, 

disaster vulnerability assessment, 

consideration of port and rail adequacy, trade 

policy, and the various programmes 

countries use to encourage or control 

production, limit food prices, and manage 

resource inputs to agriculture. 

Important strategies for improving the ability 

of agriculture to respond to diverse demands 

and pressures include: 

Improved training and general education of 

populations dependent on agriculture. 

Research on new variety development, 

incorporating various traits such as heat and 

drought tolerant, salt and pest resistant 

should be given prime importance Food 

programmes and other social security 

programmes, to provide insurance against 

local supply changes. 

Infrastructure facilities like transportation, 

distribution and market need to be improved. 

Existing policies may limit efficient response 

to climate change. Changes in policies such 

as crop subsidy schemes, land tenure 

systems, water pricing and allocation, and 

international trade barriers could increase the 

adaptive capability of agriculture. 

Conclusion 

Signals of climatic change are already 

visible. Global climate change is going to 

affect major crops like rice, wheat, maize in 

India. Climate is the least manageable of all 

resources. Hence, to avert the ill effects of 

climate change, more attention has to be paid 

to other resources and technologies viz. soil, 

irrigation water, nutrients, crops and their 

management practices, to sustain the 

productivity and to ensure food and 
197 
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environmental security to the country. 

Adaptive measures are to be taken in a 

timely fashion, both at the farmers’ level 

(backed by strong agriculture/climate 

research and application oriented outputs) as 

well as at the policy makers’ level to enable 

the small and marginal farmers to cope with 

the adversities of climate change. 
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