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Abstract  

Global Warming describes a gradual increase in the average temperature on the earth’s atmosphere and its oceans. A change 
that is believed to be permanently changing in the earth’s climate. Climate change and global warming is one of the main 
environmental challenges facing the world today. India is facing several problems. Climate change is associated with various adverse 
impacts on agriculture, water resources, forest and biodiversity, health, coastal management and increase in temperature. Decline in 
agricultural productivity is the main impact of climate change on India. A majority of population depends on agriculture directly or 
indirectly. Climate change would represent additional stress on the ecological and socioeconomic systems that are already facing 
tremendous pressure due to rapid industrialization, urbanization and economic development. This paper analyzes the impact of climate 
change and its various aspects in the Indian context.  
 
Keywords: Climate Change, Greenhouse Gas, Kyoto Protocol, Ecological Sequence, Forest Protection, Natural Disasters, Extreme 
Events. 
 
Introduction 
Statement of the Problem 

The most important thing about global warming is this whether humans are responsible for the bulk   
of climate change is going on…. leave this planet in better shape for the future generations then we 
found it. 

          Prof. Mike Huckabee 
 

Accumulation of trace gases such as carbon dioxide (CO2) and methane (CH4) in the atmosphere, caused mainly due to 
anthropogenic activities such as burning of fossil fuels, is believed to be altering the earth’s climate system. The Intergovernmental 
Panel on Climate Change (IPCC) in its fourth assessment report observed that “warming of climate system is now unequivocal, as is 
now evident from observations of increases in global average air and ocean temperatures, widespread melting of snow and ice, and 
rising global seal level” India has a reason to be concerned about climate change, as a vast population depends on climate-sensitive 
sectors like agriculture, forestry and fishery for their livelihood. The adverse impact of climate change in the form of decline in 
rainfall and rise in temperature has resulted in increased severity of livelihood issues in the country. Climate change would represent 
additional stress on the ecological and socioeconomic systems that are already under tremendous pressure due to rapid 
industrialization, urbanization and economic development. 
 

Climate change is one of the most important global environmental challenges facing humanity with implications for food 
production, natural ecosystems, freshwater supply, health, etc. According to the latest scientific assessment, the earth’s climate system 
has demonstrably changed on both global and regional scales since the pre-industrial era. Further, evidence shows that most of the 
warming (of 0.1 oC per decade), observed over the last 50 years, is attributable to human activities). 
 

The Intergovernmental Panel on Climate Change projects that the global mean temperature may increase between 1.4 and 5.8 
oC by 2100. This unprecedented increase is expected to have severe impact on the global hydrological system, ecosystem, sea level, 
crop production and related processes. The impact would be particularly severe in the tropical areas, which mainly consist of 
developing countries, including India. 
 

In 1992, the UN Conference on Environment and Development (UNCED) at Rio de Janeiro led to FCCC (Framework 
Convention on Climate Change), which laid the framework for the eventual stabilization of greenhouse gases in the atmosphere, 
recognizing the common but differentiated responsibilities and respective capabilities, and social and economic conditions. The 
Convention came into force in 1994. Subsequently, the 1997 Kyoto Protocol, which came into force in 2005, reasserted the 
importance of stabilizing greenhouse gas concentrations in the atmosphere adhering to sustainable development principles. The 
Protocol laid out guidelines and rules regarding the extent to which a participating industrialized country should reduce its emissions 
of six greenhouse gases, viz., carbon dioxide, methane, nitrous oxide, chlorofluorocarbon, hydrofluorocarbons and perfluorocarbons. 
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Demographical Features of India 

The urban population of India stood at 286 million or 27.80% of the total population of 1.02 billion, according to the Census 
of India 2001. This population is projected to rise to 368 million by the year 2012. The urban population lives in 5,161 cities and 
towns of India, and faces severe water and sanitation stress. According to a World Bank report, India’s water economy makes the 
point that India is fast running out of water and by 2030 it will be under severe stress, and forecasts that by 2050 demand outstrips 
supply. In a fast-growing economic scenario, the demand for water is bound to go up. The continuous and unabated emission of 
millions of tons of carbon dioxide into the atmosphere, even if originating mainly from a few countries or regions, can lead to global 
and permanent climatic changes with potentially disastrous consequences such as rise of sea waters and submergence of numerous 
islands and coastal areas, and a rise in ambient temperatures leading to significant impact on cropping patterns and agricultural 
productivity. 
 

India is a large developing country with nearly 700 million rural population directly depending on climate-sensitive sectors 
and natural resources such as water, biodiversity, mangroves, coastal zones, and grasslands for their subsistence and livelihood. 
Further, the adaptive capacity of dry land farmers, forest-dwellers and nomadic shepherds is very low. Despite being symbolically 
important, Kyoto Protocol is now widely considered as a ‘failure’ because it neither has initiated emission reduction globally nor it has 
promised required further cuts in greenhouse gas emissions. Scientists have long warned that even 100% adherence to Kyoto Protocol 
will do little to limit the change in climate, yet almost 15 long years are spent globally in creating this policy failure. Almost exclusive 
focus on mitigation in Kyoto Protocol acts against the interest of the developing countries. Unsustainable consumption patterns of the 
rich industrialized nations are responsible for the threat of climate; only 25% of the global population lives in these countries, but they 
emit more than 70% of the total global CO2 emissions and consume 75 to 80% of many of the other resources of the world. 
 

India should be concerned about the climate change because it might have adverse impact on the country. Not all possible 
consequences of climate change are yet fully understood, but the main ‘categories’ of impacts are those on agriculture, rise in sea level 
leading to submersion of coastal areas and increased frequency of extreme events which pose serious threats to India. The paper 
discusses elaborately the impact of climate change on India, especially in agriculture, water, health, forest, sea level and risk events. 
 
Greenhouse Effect from India 

Climate change arising due to the increasing concentration of greenhouse gases in the atmosphere since the pre-industrial 
times has emerged as a serious global environmental issue and poses threats and challenges to mankind. Climate change is 
increasingly recognized as one of the potential critical factors in sustainable development trajectories and there is an emerging 
international literature that considers methodological issues and empirical results of studies that explore interlinkages, trade-offs and 
synergies between the different policy areas involved. Estimations of anthropogenic greenhouse gas emission inventories in India 
began in a limited scale in 1991 which were enlarged and revised, and the first definitive report for the base year 1990 was published 
in 1992 (Mitra, 1992). A comprehensive inventory of the Indian emissions from all energy, industrial processes, agricultural activities, 
land use, land use change and forestry, and waste management practices has been prepared by UNFCCC (NATCOM 2004). Table 1 
summarizes the greenhouse gas inventory estimates reported under the aegis of India’s Initial National Communications. 
 

The Compounded Annual Growth Rates (CAGR) of CO2 equivalent emissions from India between 1990 and 2000 show an 
overall increase by 4.2% per annum (Table 2). On a sectoral basis, the maximum growth in emissions is from the industrial process 
sector (21.3% per annum), followed by the emissions from the waste sector (7.3% per annum). The energy sector emissions have only 
grown by 4.4% per annum with almost no increase in emissions registered from the agriculture sector. Significant increase in 
emissions from the industrial process sector can be attributed to the growth in cement and steel production in India over the decade. 
Similarly, increase in emissions from the waste sector can be attributed to increase in quantity of waste generated due to the large 
influx of population from villages to cities in 2000. 
 
Agriculture  

Highly climate-sensitive Indian agriculture, 65% of which is in rainfed areas, contributes nearly 25% of GDP, employs 65% 
of the total workforce and accounts for 13.3% of total exports together with allied activities. Several studies predict that despite 
substantial increase in national food grain production, the productivity of some important crops such as rice and wheat could decline 
considerably with climate change. 
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Table 1 
Summary of Greenhouse Gas Emission in Gg 

(Thousand Tons from India in 1994 by Sources and Sinks) 
Greenhouse Gas 
Source and Sink 
Categories 

CO2 CO2 CH4 N2O CO2 

(Emissions) (Removals) (Emissions) (Emissions) Equivalent (Emissions) 

All energy 679,470 – 2,896 11.4 743,820 
Industrial process 99,878 – 2 9 102,710 
Agriculture – – 14,175 151 379,723 
Land use, land use 
change and forestry 37,675 23,533 6.5 0.04 14,292 
Wastes – – 1,003 7 23,233 
Total national 
emission (giga gram 
per year) 817,023 23,533 18,083 178 1,228,540 

Source: Subodh Sharma (2006) 
 

Table 2 
Trends of GHG Emission in India 

Greenhouse Gas Source 
and Sink Categories 

1990 1994 2000 CAGR in 
(CO2 eq. mt) (CO2 eq. mt) (CO2 eq. mt) 1999-2000 

All energy 679,470 – 2,896 11.4 
Industrial process 24,510 102,710 168,378 21.3 
Land use, land use 
change and forestry 1,467 14,291 – – 
Waste management 14,133 23,233 26,637 7.3 
Total emission (Gg) 987,885 1,228,539 1,484,622 4.2 
Population 853 914 1,000 – 
Per capita emission 
(tons/capita) 1.2 1.3 1.5 – 

Source: Subodh Sharma (2006); ALGAS (1998); NATCOM (2004) 
 

The rate of CO2 release into the atmosphere has increased by 30 times in the last 3-4 decades. It is estimated that a 0.5 oC rise 
in winter temperature could reduce the wheat yield by 0.45 ton per hectare. A recent World Bank report studied two drought-prone 
regions in Telangana and Maharashtra and one flood-prone region in Orissa on climate change impacts. It found that climate change 
could have the following serious impacts: 
1. In Telangana, dry land farmers may see their incomes plunge by 20%. 
2. In Maharashtra, sugarcane yields may fall dramatically by 25-30%. 
 

With melting glaciers, flood risks would increase in the near future. In the long-term, there can be no replacement for the 
water provided by glaciers that could result in water shortages on an unparalleled scale. Floods and drought are thus projected to 
multiply as a consequence of climate change. This will lead to a huge crop loss and leave large patches of arable land unfit for 
cultivation. To sum up, it will threaten food security. Due to a 2 to 3.5 oC rise in temperature accompanied by a 7% to 25% change in 
precipitation, farmers may be losing a net revenue between 9% and 25% which may adversely affect the GDP by 1.8% to 3.4%. There 
will be serious consequences for food security in the south and India stands to lose a massive 125 mt equivalent to some 18% of its 
rainfed cereal production. 
 
Food Security  

In India, the estimated total requirement for foodgrains would be more than 250 mt by 2010. The gross arable area is 
expected to increase from 191 to 215 mha by 2010, which would require an increase of cropping intensity to approximately 150%. 
Because land is a fixed resource for agriculture, the need for more food in India can be met only through higher yield per unit of land, 
water, energy and time, such as through precision farming. Kavi Kumar and Parikh showed that even with farm-level adaptations, the 
impacts of climate change on Indian agriculture would remain significant. They estimated that with a temperature change of +2 oC 
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and an accompanying precipitation change of +7%, farm level total net-revenue would fall by 9%, whereas with a temperature 
increase of +3.5 oC and precipitation change of +15% the fall in farm level total net-revenue would be nearly 25%. provide an 
excellent review of climate change impact studies on Indian agriculture mainly from physical impacts perspective. The available 
evidence shows significant drop in yields of important cereal crops like rice and wheat under climate change conditions. However, 
biophysical impacts on some of the important crops like sugarcane, cotton and sunflower have not been studied adequately. 
 

It has analyzed a cross-sectional data in climate sensitivity of Indian agriculture. The field level analysis showed that while 
most farmers are familiar with the term climate change, their understanding is often overlapping with other phenomena. Significantly 
higher impacts were reported during the period mid-1980s to late 1990s. The findings of the study corroborate the growing evidence 
of weakening agricultural productivity over the similar period in India. The impacts estimated using India-specific climate projections 
show that impacts declined during the period 1971-1985 and again increased further possibly due to improved resilience of Indian 
agriculture during this period and also due to the regional variation in the climate projection. Table 3 reports the all-India level impacts 
estimated during each time period. 

 
Water Resources 

India’s rich water resources are unevenly distributed and result in spatial and temporal shortages. The demand for water has 
increased tremendously over the years due to an increasing population, expanding agriculture, and rapid industrialization which are 
responsible for considerable imbalance in the quantity and quality of water resources. According to the Ministry of Water Resources, 
the amount of water available per person in India decreased steadily from 3,450 cm in 1951 to 1,250 cm in 1999, and is expected to 
decline further to 760 cm per person in 2050. 

 
Table 3: Climate Change Impacts Over Time 

Scenario 
1956-1970 1971-1985 1986-1999 

Impacts 
% of 1990 
Net Revenue Impacts 

% of 1990 
Net Revenue Impacts 

% of 1990 Net 
Revenue 

+2 oC/7% –53.7 –6.1 –76.8 –8.7 –188.7 –21.3 
+3.5 oC/14% –297.4 –33.6 –303.4 –34.3 –754.9 –85.3 
India-Specific CC 
Scenario –219.6 –24.8 –153.6 –17.4 –544.4 –61.5 

 
Note: Impacts are in billion rupees, 1999-2000 prices; Net revenue in India in 1990 was 885 bn (1990-2000 prices). The first 
two scenarios use hypothetical increases in temperature and precipitation in degree centigrade and percentage, respectively. 
Source: Kavi Kumar (2009) 
 

Lower rainfall and more evaporation would have the dire consequence of less runoff, substantially changing the availability 
of freshwater in the watersheds, decline of soil moisture and increasing aridity level of hydrological zones. By the year 2050, the 
average annual runoff in the river Brahmaputra will decline by 14%. If the current warming rates are maintained, Himalayan glaciers 
could decay at extremely rapid rates, shrinking from the present 5,00,000 km2 to 1,00,000 km2 by the 2030s. This is also a cause for 
concern when considering Himalayan hydropower as a partial solution to India’s energy needs, as climate change will sharply reduce 
the effectiveness of the planned mammoth investments. 
 
Effect on Water Resources 

The general impacts of climate change on water resources have been brought out by the Third Assessment Report of the 
IPCC (Houghton, 2000). It indicates an intensification of the global hydrological cycle affecting both ground and surface water 
supply. Changes in the total amount of precipitation, its frequency and intensity have also been predicted. Such changes, when on the 
surplus side, may affect the magnitude and timing of runoff but shall create drought-like situations when these are on the deficit side. 
Thus, climate change impacts are going to be most severe in the developing world, because of their poor capacity to adapt to climate 
variability. India also comes under this category. Gosain have used the HadRm2 daily weather data to determine the spatial-temporal 
water availability in the river system. The initial analysis has revealed that under the greenhouse gas scenario, severity of droughts and 
intensity of floods in various parts of the country may get deteriorated. However, there is a general overall reduction in the quantity of 
the available runoff under the greenhouse gas scenario. Luni with the west-flowing rivers Kutch and Saurastra which occupies about 
one-fourth of the area of Gujarat and 60% of the area of Rajasthan shall face acute water scare conditions. River basins of Mahi, 
Pennar, Sabarmati and Tapi shall also face water shortage conditions. River basins belonging to Cauvery, Ganga, Narmada and 
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Krishna shall experience seasonal or regular water-stressed conditions. River basins belonging to Godavari, Brahmani and Mahanadi 
shall not have water shortages but are predicted to face severe flood conditions. 
 

Automatic delineation of the river basins is done by using the Digital Elevation Model (DEM) which represents a 
topographic surface in terms of a set of elevation values derived at a finite number of points. Table 4 presents the threshold values 
used on the DEM of the respective river basins during the process of automatic delineation. It also provides the number of sub-basins 
the river basin got sub-divided into as a result of this threshold. The total area of the river basin as obtained from the automatic 
delineation has also been provided. 

 
Summing Up 

Under future scenarios of increased greenhouse gas concentrations, a marked increase in rainfall and temperature is projected 
in the 21st century. India’s climate could become warmer by 2.33 to 4.78 oC under the condition of doubling of CO2 concentration An 
increase in the annual temperature of 0.7 to 1.0 oC by 2040 is predicted with respect to the 1980s There is an overall decline in the 
number of rainy days over a major part of the country. This decline is more in the western and central parts (by more than 15 days) 
while near the foothills of Himalayas and in north-east India, the number of rainy days may increase by 5 to 10 days. The impact of 
climate variability and change, climate policy responses, and associated socioeconomic development will affect the opportunities for 
and success of climate policies. In particular, the socioeconomic and technological characteristics of different development paths will 
strongly affect missions, the rate and magnitude of climate change, climate change impacts, the capability to adapt and the capacity to 
mitigate. Climate change is expected to affect the human wellbeing in many different ways such as capital, ecosystem, disease and 
migration. Irrespective of the importance of the issue, it is not clear how to compute the value with the current state of the art of 
economics. A meaningful development involves at least transformation from agricultural to a non-agricultural economy reducing the 
dependence on agriculture. Since most of the labor force—about 70%—directly and indirectly depends on the sector for livelihood 
and employment, it is when this sector is more productive and ensures food self-sufficiency that it will release the necessary labor and 
capital for the manufacturing and service sectors. In the context of the current debate about climate change, it is necessary to show, far 
from being inactive in India, that considerable actions in terms of policies, programs and projects are being taken. Technology transfer 
can speed up the modernization process and additional funds can accelerate government in energy conservation. However, policies for 
poverty alleviation must be given priority. 
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