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ABSTRACT 

Increasing human activities leading to the deterioration of ecological environment thereby 

brings about the series of changes in climate. The climate change on agriculture varies depending upon 

the geographical and agro climatic conditions across the world. Determining how climate change will 

affect agriculture is complex; varieties of effects are likely to occur. Through most of the researchers talk 

about only negative impact of climate change, some positive effects are also expected. 
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INTRODUCTION 

Climate change is a long-term shift in the climate of a specific location, region or planet. The 

shift is measured by changes in features associated with average weather, such as temperature, wind 

patterns and precipitation. What most people don’t know is that a change in the variability of climate is 

also considered climate change, even if average weather conditions remain the same. 

Climate change occurs when the climate of a specific area or planet is altered between two 

different periods of time. This usually occurs when something changes the total amount of the sun's 

energy absorbed by the earth's atmosphere and surface. It also happens when something changes the 

amount of heat energy from the earth's surface and atmosphere that escapes to space over an extended 

period of time. 

SIGNIFICANCE OF THE STUDY 

Climate change is one of the biggest issues facing the world today. It is not a new phenomenon 

in the Earth’s history. Studies indicate that across the globe recorded warmest years during the past 

century and the first decade of the present century.  Years like 2002, 2003, 2007 and 2010 are recorded 

as warmest years in the past decade. Especially, in the Asian sub continent and in Europe the 

temperatures remained extremely high for long periods resulting in death of large number of human 

populations in Europe alone.  In this context, there is a need to study the impact of climate change on 
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agriculture, as agriculture is directly and seriously affected by climatic extremes. Present study makes an 

attempt in this direction. 

OBJECTIVES  

1. To discuss the importance of climate change in the present context. 

2. To analyse the positive impacts of climate change on agriculture regarding productivity,          

    cropping period etc.  

3. To discuss the expected negative impacts of climate change on agriculture. 

4. To analyse the impact of climate change on other agriculture related activities. 

DATA BASE  

 Present study is primarily based on secondary data collected from different sources like TERI 

(Tata Energy Research Institute), FAO (Food and Agricultural Organisation), UNEP (United Nations 

Environment Programme) etc., Government of India publications like Economic Survey, Web pages like 

www.unep.org/climatechange/ , www.climate.nasa.gov/causes/ etc. 

CLIMATE CHANGE & GLOBAL WARMING 

  Climate change refers to general shifts in climate, including temperature, precipitation, winds, 

and other factors. Global warming (as well as global cooling) refers specifically to any change in the 

global average surface temperature. Global warming is often misunderstood to imply that the world will 

warm uniformly. In fact, an increase in average global temperature will also cause the circulation of the 

atmosphere to change, resulting in some areas of the world warming more, others less. Some areas can 

even cool. Unfortunately, although it significantly misrepresents what really happens, the term ‘global 

warming' is still often used by media and others to describe climate change. What changes the climate is 

sun’s output, earth’s orbit, drifting of continents, volcanic eruptions and greenhouse gases. 

GREENHOUSE EFFECT 

A natural system known as the "greenhouse effect" regulates temperature on Earth. Just as glass 

in a greenhouse keeps heat in, our atmosphere traps the sun’s heat near earth’s surface, primarily through 

heat-trapping properties of certain “greenhouse gases”. Earth is heated by sunlight. Most of the sun's 

energy passes through the atmosphere, to warm the earth's surface, oceans and atmosphere.  

However, because much of the energy has been recycled downward, surface temperatures 

become much warmer than if the greenhouse gases were absent from the atmosphere. This natural 

process is known as the greenhouse effect. Without greenhouse gases, Earth's average temperature would 

be -19°C instead of +14°C, or 33°C colder. Over the past 10,000 years, the amount of greenhouse gases 

in our atmosphere has been relatively stable.  
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RAPID CHANGES IN GLOBAL TEMPERATURE 

A documentary aired on the National Geographic Channel in Britain on August 9, 2003 entitled 

‘What’s up with the weather’. It noted that the levels of carbon dioxide for example, were currently at 

their highest levels in the past 450,000 years. 

Increased greenhouse gases and the greenhouse effect is feared to contribute to an overall 

warming of the Earth’s climate, leading to a global warming (even though some regions may experience 

cooling, or wetter weather, while the temperature of the planet on average would rise). 

Consider also the following: 

• The five warmest years on record, in order (warmest first) are:  

1. 2005, 

2. 1998, 

3. 2002, 

4. 2003, 

5. 2010 

• According to the World Meteorological Organization (WMO), the 2000s was the warmest 

decade; 

• The 1900s was the warmest century during the last 1,000 years. 

However, it is the rapid pace at which the temperature will raise that will result in many negative impacts 

to humans and the environment and this why there is such a world-wide concern. Scientists expect the 

climate in Washington to warm 0.50F every ten years. This is three times faster than the average rate 

from the 1900s to 2000. Compared to the 1970-1999 warming average the temperatures will increase: 

• 20 Fahrenheit by the 2020s 

• 30 Fahrenheit by the 2040s 

CAUSES FOR CLIMATE CHANGE 

 There has been debate over the cause of rising global temperatures. Some argued it was a 

natural fluctuation, whilst others that it was caused by human activity. This debate is now over. 

In February 2007, an international panel of experts (the Inter-Governmental Panel on Climate Change) 

concluded: 

• Global warming is occurring.  

• Increase in global temperature is a result of human activities.  

• Given current trends, temperature extremes, heat waves, and heavy rains will continue to 
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escalate in frequency. The earth’s temperature and seas will continue to rise into the next 

millennium.  

These climate change effects are due to an increase in greenhouse gases in the atmosphere. The main 

gases are carbon dioxide, methane, nitrous oxide and fluorocarbons, principally from the burning of 

fossil fuels, forest destruction and agriculture (rice field cultivation and the keeping of livestock). Water 

vapour in the atmosphere also plays a role. The scientific community, often talk about global warming 

potential. This relates to the warming effect of a greenhouse gas in relation to the measured effect for 

carbon dioxide. Recent Copenhagen Earth Summit also turned into a successful failure. President Obama 

himself noted that the agreement was only a political statement, not a legally binding treaty, and might 

not need ratification by the entire conference. Any how the two important decisions have been taken in 

this summit are 

• The agreement sets a target of no more than two degrees Celsius for the increase in global 

temperatures 

• Deep cuts in global warming emissions are necessary, but it provides no targets whatsoever. 

HOW SURE WE ARE? 

The percent of climate scientists that agreed “global average temperatures have increased” 

during the past century has increased from 60 in 1991 to 97 by 2007. Among the climate scientists 84 

percent are accepting the humans are responsible for observed warming. 5 percent of scientists say ‘no’ 

and 11 percent are not certain. 

IMPACT OF CLIMATE CHANGE ON GLOBAL AGRICULTURE 

Estimates of the macroeconomic effects of climate change at different levels of warming span a 

wide range of possible economic costs—ranging from negligible (even positive at low levels of 

warming)  to a 10 percent reduction in world GDP for average global warming of 6 degrees Celsius. At a 

September workshop organized by the IMF's Research Department, participants discussed how climate 

change is likely to affect the global economy and debated policies that can help mitigate the adverse 

effects of climate change at a minimum cost.  

AGRICULTURE & FOOD 

Agriculture production is direct dependence on climate change and weather, is one of the widely 

studied sector in the context of climate change. The possible changes in temperature, precipitation and 

CO2 concentration are expected to significant impact on crop growth. So that overall impact of climate 

change on worldwide food production is considered to be low to moderate with successful adaptation and 

adequate irrigation, global agricultural production could be increased due to the doubling of CO2 

fertilization effect. 

There are two ways to climate change can affect the Global food production system. One is 

direct and another is indirect. In direct changes through temperature, water balance and atmospheric 
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composition as well as extreme weather events and indirectly changes through in the distribution, 

frequently and severity of pest and disease outbreaks, incidence of fire and in soil properties. These direct 

and indirect effects on agricultural system will not only responding to climate change but through 

fluctuating yield have a negative impact on production and distribution. The social-economic impacts 

associated with the above physical impact on crops will be influenced by the interaction between 

producer and consumer behaviour as well as the possible adaptation that farmers could undertake in 

response to climate change. 

Agricultural and allied activities constitute the single largest component of most of the World 

countries. It is contributing nearly 22% of the total Gross Domestic Production in most of the economies. 

Any country’s agricultural activity continues with fully dependence of the weather.  

TEMPERATURE POTENTIAL EFFECT ON GROWING PERIOD 

Duration of crop growth cycles are above all, related to temperature. An increase in temperature 

will speed up development. In the case of an annual crop, the duration between sowing and harvesting 

will shorten (for example, the duration in order to harvest corn could shorten between one and four 

weeks). The shortening of such a cycle could have an adverse effect on productivity because senescence 

would occur sooner. Increased warmth has also affected living things. For example, the Japanese keep 

very detailed records on the blossoming of their Tokyo cherry trees, so they know they are blooming 5 

days earlier on average than they were 50 years ago.  Also mosquitoes, birds, and insects are moving 

north in the Northern Hemisphere. 

POTENTIAL EFFECT OF ATMOSPHERIC CARBON DIOXIDE ON Y IELD 

Carbon dioxide is essential to plant growth. Rising CO2 concentration in the atmosphere can 

have both positive and negative consequences. 

Increased CO2 is expected to have positive physiological effects by increasing the rate of 

photosynthesis. Currently, the amount of carbon dioxide in the atmosphere is 380 parts per million. In 

comparison, the amount of oxygen is 210,000 ppm. This means that often plants may be starved of 

carbon dioxide, being outnumbered by the photosynthetic pollutant oxygen. The effects of an increase in 

carbon dioxide would be higher on C3 crops (such as wheat) than on C4 crops (such as maize), because 

the former is more susceptible to carbon dioxide shortage. Under optimum conditions of temperature and 

humidity, the yield increase could reach 36%, if the levels of carbon dioxide are doubled.  

Further, few studies have looked at the impact of elevated carbon dioxide concentrations on 

whole farming systems. Most models study the relationship between CO2 and productivity in isolation 

from other factors associated with climate change, such as an increased frequency of extreme weather 

events, seasonal shifts, and so on. 

In 2005, the Royal Society in London concluded that the purported benefits of CO2 fertilization 

are “likely to be far lower than previously estimated” when factors such as increasing ground-level ozone 

are taken into account." 
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CLIMATE CHANGE & AGRICULTURAL YIELD 

Climate change is going to affect the productivity in agriculture. As all agricultural activities are 

depending on climate situations, climate change having great impact on agricultural productivity. World 

Bank report on Climate Change attempted to study the impact based case studies in different parts of the 

World. In India it is observed that Sugarcane farmers of Maharashtra may see yields go down by as much 

as 30 per cent. Rice production in Orissa and Andhra Pradesh will face a similar fate with yields in the 

flood-prone coastal regions dropping by 12 per cent.  

EFFECT ON QUALITY 

 According to a study, "The importance of climate change impacts on grain and forage quality 

emerges from new research. For rice, the amylose content of the grain--a major determinant of cooking 

quality--is increased under elevated CO2". Cooked rice grain from plants grown in high-CO2 

environments would be firmer than that from today's plants. However, concentrations of iron and zinc, 

which are important for human nutrition, would be lower. Moreover, the protein content of the grain 

decreases under combined increases of temperature and CO2.  

Studies have shown that higher CO2 levels lead to reduced plant uptake of nitrogen (and a 

smaller number showing the same for trace elements such as zinc) resulting in crops with lower 

nutritional value. This would primarily impact on populations in poorer countries less able to compensate 

by eating more food, more varied diets, or possibly taking supplements. Reduced nitrogen content in 

grazing plants has also been shown to reduce animal productivity in sheep, which depend on microbes in 

their gut to digest plants, which in turn depend on nitrogen intake. 

AGRICULTURAL SURFACES & CLIMATE CHANGE 

Climate change may increase the amount of arable land in high-latitude region by reduction of 

the amount of frozen lands. A 2005 study reports that temperature in Siberia has increased three degree 

Celsius in average since 1960 (much more than the rest of the world). However, reports about the impact 

of global warming on Russian agriculture indicate conflicting probable effects : while they expect a 

northward extension of farmable lands, they also warn of possible productivity losses and increased risk 

of drought.  

Sea levels are expected to get up to one meter higher by 2100, though this projection is 

disputed. A rise in the sea level would result in an agricultural land loss, in particular in areas such as 

South East Asia. Erosion, submergence of shorelines, salinity of the water table due to the increased sea 

levels, could mainly affect agriculture through inundation of low-lying lands. 

Low lying areas such as Bangladesh, India and Vietnam will experience major loss of rice crop 

if sea levels are expected to rise by the end of the century. Vietnam for example relies heavily on its 

southern tip, where the Mekong Delta lies, for rice planting. Any rise in sea level of no more than a meter 

will drown several kilometers of rice paddies, rendering Vietnam incapable of producing its main staple 

and export of rice. 
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EROSION AND FERTILITY  

With global warming, soil degradation is more likely to occur, and soil fertility would probably 

be affected by global warming. However, because the ratio of carbon to nitrogen is a constant, a doubling 

of carbon is likely to imply a higher storage of nitrogen in soils as nitrates, thus providing higher 

fertilizing elements for plants, providing better yields. The average needs for nitrogen could decrease, 

and give the opportunity of changing often costly fertilisation strategies. 

Due to the extremes of climate that would result, the increase in precipitations would probably 

result in greater risks of erosion, whilst at the same time providing soil with better hydration, according 

to the intensity of the rain. The possible evolution of the organic matter in the soil is a highly contested 

issue: while the increase in the temperature would induce a greater rate in the production of minerals, 

lessening the soil organic matter content, the atmospheric CO2 concentration would tend to increase it. 

ECONOMIC IMPACTS OF CLIMATE CHANGE ON AGRICULTURAL SUPPLY 

Changes in agricultural supply result from the combination of changes in yields and changes in 

crop acreage. Changes in crop yields are the result of climate changes and any human mitigating 

responses (such as increasing fertilizer or water use or adoption of new crop varieties), while changes in 

acreage are affected by producers’ expectations concerning changes in relative crop prices and per acre 

returns. Food costs, and the capacity to procure food, are directly affected by changes in commodity 

supply and resultant price changes. Crops that decline in supply will rise in price, ceteris paribus. Higher 

prices reduce consumption levels and adversely affect consumer welfare. In some cases, the negative 

effects on consumers may be partially or totally offset by producer gains from higher prices, but in 

general, total welfare tends to decline when supply is reduced. In the long term, higher prices stimulate 

producers to seek ways to increase supply, resulting in new equilibrium levels of prices and quantities. 

The distribution of estimated economic effects varies across both crops and regions, just as crop yield 

changes vary across crops and regions. The agricultural economies of Canada and parts of the United 

States are estimated to be buoyed by both rising cereal and feed grain prices and more favorable growing 

conditions, especially under scenarios that assume both CO2 fertilization and adaptation. In Central and 

South America, grain production is estimated to fall, even with CO2 fertilization and adaptation. This is 

because their yields decline relative to yields in high latitude countries. 

GLOBAL CLIMATE CHANGE & EFFECT ON PESTS, DISEASES &  WEEDS 

A very important point to consider is that weeds would undergo the same acceleration of cycle 

as cultivated crops, and would also benefit from carbonaceous fertilization. Since most weeds are C3 

plants, they are likely to compete even more than now against C4 crops such as tomatoes. However, on 

the other hand, some results make it possible to think that weed killers could gain in effectiveness with 

the temperature increase. Global warming would cause an increase in rainfall in some areas, which 

would lead to an increase of atmospheric humidity and the duration of the wet seasons. Combined with 

higher temperatures, these could favor the development of fungal diseases. 
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GLACIER RETREAT & DISAPPEARANCE 

The continued retreat of glaciers will have a number of different quantitative impacts. In areas 

that are heavily dependent on water runoff from glaciers that melt during the warmer summer months, a 

continuation of the current retreat will eventually deplete the glacial ice and substantially reduce or 

eliminate runoff. A reduction in runoff will affect the ability to irrigate crops and will reduce summer 

stream flows necessary to keep dams and reservoirs replenished. 

According to a UN climate report, the Himalayan glaciers that are the principal dry-season 

water sources of Asia's biggest rivers - Ganges, Indus, Brahmaputra, Yangtze, Mekong, Salween and 

Yellow - could disappear by 2035 as temperatures rise. But the statement has been withdrawn later. 

Approximately 2.4 billion people live in the drainage basin of the Himalayan rivers. India, China, 

Pakistan, Afghanistan, Bangladesh, Nepal and Myanmar could experience floods followed by severe 

droughts in coming decades. In India alone, the Ganges provides water for drinking and farming for 

more than 500 million people. The west coast of North America, which gets much of its water from 

glaciers in mountain ranges such as the Rocky Mountains and Sierra Nevada, also would be affected. 

Low lying areas such as Bangladesh, India and Vietnam loose most of their rice cropping areas 

ON FOOD SECURITY  

 Climate change seriously affects the country’s food security system. Regarding the impact of 

climate change on food security, following observations are noticed. 

• Developing countries are projected to  require net import of cereals to increase 

• Reduction in cereal production of 10% in developing countries 

• A reduction of 2-3% in Africa will put 10 million people at risk 

• Number of people at risk of hunger grows by 10-16% or 60-350 million people 

OZONE & ULTRAVIOLET-B 

Some scientists think agriculture could be affected by any decrease in stratospheric ozone, 

which could increase biologically dangerous ultraviolet radiation B. Excess ultraviolet radiation B can 

directly affect plant physiology and cause massive amounts of mutations, and indirectly through changed 

pollinator behavior, though such changes are simple to quantify. However, it has not yet been ascertained 

whether an increase in greenhouse gases would decrease stratospheric ozone levels. 

In addition, a possible effect of rising temperatures is significantly higher levels of ground-level 

ozone, which would substantially lower yields.  

ENSO EFFECTS ON AGRICULTURE 

ENSO (El Nino Southern Oscillation) will affect monsoon patterns more intensely in the future 

as climate change warms up the ocean's water. Crops that lie on the equatorial belt or under the tropical 
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Walker circulation, such as rice, will be affected by varying monsoon patterns and more unpredictable 

weather. Scheduled planting and harvesting based on weather patterns will become less effective. 

Areas such as Indonesia where the main crop consists of rice will be more vulnerable to the 

increased intensity of ENSO effects in the future of climate change. University of Washington professor, 

David Battisti, researched the effects of future ENSO patterns on the Indonesian rice mapping out 

climate factors such as wind pressure, sea-level, and humidity, and found that rice harvest will 

experience a decrease in yield. Bali and Java, which holds 55% of the rice yields in Indonesia, will be 

likely to experience 9-10% probably of delayed monsoon patterns, which prolongs the hungry season. 

Normal planting of rice crops begin in October and harvest by January. However, as climate change 

affects ENSO and consequently delays planting, harvesting will be late and in drier conditions, resulting 

in less potential yields.  

LIVESTOCK RESPONSE TO CLIMATE CHANGE 

Livestock can also be affected by climate and, hence, climate change. Specifically, livestock can 

be affected in 2 ways by climate change: the quality and amount of forage from grasslands may be 

affected and there may be direct effects on livestock due to higher temperatures. There are few studies 

which address climate change effects on livestock, but those which do show effects on performance. For 

example, warmer summer temperatures are estimated to have a suppressing effect on livestock appetite, 

which leads to lower weight gain (Adams et al. 1998). Specifically, Adams et al. (1998) observed that 

under a 5.0°C increase in temperature, livestock yields in the U.S. fell by 10% for cow/calf and dairy 

operations in Appalachia, the Southeast, the Delta States, the Southern Plains, and Texas; for a 1.5°C 

warming, yield loss was estimated at 1%. Hanson et al. (1993) simulated impacts on rangeland livestock 

production under 3 GCM (global climate model) scenarios. 

 Climate change tended to have adverse impacts on livestock production (e.g. low milk 

production) through both declining forage quality and increased ambient temperature. There is evidence 

that intensively managed livestock systems are potentially more adaptable to climate change than crop 

systems because they are better able to adapt to extreme events. Some studies of mid to high latitude 

grasslands found higher productivity under climate change (IPCC 1996). 

CLIMATE CHANGE ON FISHERIES & AQUACULTURE 

 Globally climate change is not only having direct impact on agriculture crops but also on 

livestock, fisheries and other agricultural related activities. The fisheries sector differs from mainstream 

agriculture, and has distinct interactions and needs with respect to climate change. It affects more 

frequently and severe floods and droughts are affecting the food and water security of many people in 

and around the world. Thus, increasing pressures on all livelihoods and food supplies, including those in 

the fisheries and aquaculture sector. 

 Changes in ocean circulation patterns, such as the conveyer belt, may affect fish populations and 

the aquatic food web as species seek conditions suitable for their lifecycle. Higher ocean acidity 
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(resulting from carbon dioxide absorption from the atmosphere) could affect the marine environment 

through deficiency in calcium carbonate, affecting shelled organisms and coral reefs. 

SUGGESTIONS 

Enviromental Restoration Thorugh Agricultural Conservtion Practices 

 It includes 

1. Protecting environment through special Acts by the government. 

2. Protecting soil health through application of organic manures and compost, crop residue incorporation 

in the soil, reduced tillage or no-tillage and crop rotation. 

3. Integrated pest management is eco friendly, and use of bio pesticides should be increased to reduce the 

pollution of water by pesticides. 

4. Extensive usage of renewable energy to reduce gas emission. 

5. Agricultural wastes, animal dung, agro-processing wastes from the industries can be used in biogas 

plants. 

6. To meet the food, feed and fiber requirement, the scientist, industries and government agencies have 

provided suitable technology to the farmers to increase the agricultural productivity. 

7. A public-private partnership is needed in new areas like bio-technology, geo-informatics, crop 

modeling etc., to provide suitable crop diversification technology. 

GENERAL SUGGESTIONS 

 We have to stabilize the carbon emissions path between 2000 and 2050 A.D. and avoid 

doubling of carbon emissions path by 2050 as is estimated by environmental scientists. Following steps 

are useful to control degradation of environmental quality to some extent. 

� Produce more fuel-efficient vehicles 

� Reduce vehicle use 

� Improve energy-efficiency in buildings 

� Develop carbon capture and storage processes 

� Triple nuclear power 

� Increase solar power 

� Decrease deforestation/plant forests 

� Improve soil carbon management strategies  

CONCLUSIONS 

 Over the coming decades agriculture, fishery and animal husbandry will be influenced by 

climate changes. Even though agriculture, animal husbandry and fishery is technologically developed, its 

capacity to deliver food and to contribute to ecosystem is directly dependent on climatic conditions. 
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Efforts are required to define the strategies for adaptation to the climatic changes especially the agri, 

animal husbandry and fishery sectors through farm management and investment in the face of increasing 

uncertainty. For developing countries like India, adaptation requires assisting the vulnerable population 

during adverse climate events and climate risks in the long term.  
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