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Abstract
The participating member nations in Paris at the 2015 convention of the United Nations Framework
Convention on Climate Change (UNFCCC) resolved to maintain the rise in global average
temperature to a level much less than 2.0 °C compared to pre-industrial levels. It was also committed
that the parties would continue with all-out endeavor to limit warming to 1.5 °C. For a country like
India with a primarily agrarian economy this leads to two key questions. Firstly, what does the global
rise of mean annual temperature (1.5 °C and 2.0 °C) mean at the regional scale? Secondly, what are the
implications of keeping warming at or below 1.5 °C for different sectors and in particular on
agriculture and water resources? To address these questions we have examined the annual and
seasonal impacts of 1.5 °C and 2 °C global temperature rise (GTR) on temperature and rainfall change
over all the states of India under two Representative concentration pathways, RCP 8.5 and RCP 4.5,
using all Coupled Model Inter Comparison Project CMIP5 Models. Rainfall is projected to increase
over all the states with very low change in the western part of the country and highest change in the
North eastern and southern region of the country under RCP 8.5. 35% of the country is projected to
witness a temperature change equal to or lesser than global mean temperature of 1.5 °C and 2.0 °C
whereas 65% is expected to show a greater rise in temperature. The most severe temperature change is
expected to be witnessed by the presently colder Northern most states of India such as Jammu and
Kashmir, Himachal Pradesh and Uttaranchal (2.0 °C to 2.2 °C at 1.5 °C and 2.5 °C to 2.8 °C at 2.0 °C)
in both RCPs. There are opportunities and threats due to climate change and it is imperative for
researchers and policy makers to recognize these in the context of the scenarios of 1.5 °C and 2.0 °C
global temperature changes. It is essential for the current national and state action plan on climate
change and adaptation to be more sensitive in strategizing an efﬁcient response to the different
scenarios at the global level (3 °C, 2 °C and 1.5 °C) in order to take more informed policy decisions at
global level in synergy with the regional analysis to be able to develop strategies that beneﬁt the local
populace.

1. Introduction
The increasing intensity and spread of anthropogenic activities is causing a swift accumulation of greenhouse
gases in the atmosphere leading to a sustained greenhouse effect, which is resulting in worrying levels of global
warming. The participating member nations in Paris at the 2015 convention of the United Nations Framework
Convention on Climate Change (UNFCCC) resolved to maintain the rise in global average temperature to a level
much less than 2.0 °C compared to pre-industrial levels. It was also committed that the parties would continue
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with all-out endeavor to limit warming to 1.5 °C. For a country like India with a primarily agrarian economy this
leads to two key questions. Firstly, what does the global rise of temperature (1.5 °C and 2.0 °C) mean at the
regional scale? Secondly, what are the implications of keeping warming at or below 1.5 °C for different sectors
and in particular on agriculture and water resources? The IPCC (Intergovernmental Panel on Climate Change)
ﬁrst analyzed the possible climate risk corresponding to a 2 °C temperature rise with respect to pre-industrial era
as a base in its Second Assessment Report (Houghton E 1996). All climatic projections involve an inevitable
degree of uncertainty but still a considerably large number of scientiﬁc studies conclude that under
representative concentration pathways RCP 8.5 global warming will overshoot 2 °C and may climb up to 6 °C by
the year 2100 (Friedlingstein et al 2014 and Betts et al 2016). The Fifth Assessment Report (AR5) of the IPCC
(2014) critically analyzes the expected severe impact of a warming of 1 °C–2 °C above pre-industrial levels on
many facets of life. Several studies conclude with projections of a severe alteration in the hydrological cycle as a
consequence of warmer climatic conditions (Rogelj et al (2012), Trenberth et al (2014), Alﬁeri et al 2015, Donat
et al 2017). A constantly rising trend in global temperature and its expected outcome has made it imperative for
the scientiﬁc community to understand and analyze the reasons of atmospheric warming and their causative
correlation with natural hazards. An increase in temperature is seen to cause the moisture-holding capacity of
the atmosphere to increase at a rate of about 7% per 1 °C rise in temperature (Clausius–Clapeyron equation). It
is evident that higher air temperature is correlated to escalation of water vapour content in atmosphere, which
subsequently may aggravate the possibility of more recurrent and extreme precipitation events (Stoffel et al
2014). Recent years have experienced a conspicuous impact of global warming in the form of natural hazards
such as large scale ﬂoods (Hirabayashi et al 2013, Alﬁeri et al 2015), increased drought frequency (Dai et al 2011),
and frequent heat wave (Meehl and Tebaldi 2004). In recent years, Extreme rain, heat waves are the prominent
events occurring due to climate change across India. Weakening relationship between El Nino Southern
Oscillation and Indian Monsoon Rainfall under current global warming is resulting in high rainfall variability,
intense rain and severe dryness.
Regional level analysis can provide a more segregated picture than a global one based on combined metrics
(Seneviratne et al 2016). Various studies have tried to project the impact of temperature rise in various parts of
the world. O’Neill et al (2014) suggested that in the light of forecasts for urbanization and population growth in
tropical parts of Africa and Southeast Asia, the risks constituted by extreme heat and potential crop yield
reductions in these regions under a 2 °C warming scenario are conspicuously decisive. Tropical regions such as
South-East Asia are expected to encounter substantial local yield reductions, especially for maize and wheat. In
the China, the summer temperature is expected to increase by 1.2 to 9 °C by the end of the century (Luo et al
2005). Warming over land will be much higher as compared to ocean (Lambert (1995), Bengtsson et al 1996).
The regional studies signal that as 3-σ events become the new norm under 2 °C warming scenario, the tropical
parts of South-East Asia, Africa and South America are expected to face the most intense rise in land area covered
by heat extremes relative to the regional natural variability (Hansen et al 2016). Even 1.5 °C rise in temperature
will cause harsher droughts, more rises in global sea level and increase the frequency of storm surges which will
inﬂate the cost of adaptation for millions.
The Indian scenario has also been explored in a number of studies (Auffhammer et al 2012, Jayaraman and
Murari (2014), Sukumar et al 2016, Sharma and Pingali (2018) and Shaﬁq et al 2019). India was placed at the 10th
position among highest climate risk countries in Asia based on extreme environment events (Global Sustainable
Development Report 2015). A hub of diverse agro-climatic zones, India is highly susceptible to climate change.
The report submitted to UNFCC second national communication by government of India predicted the rise of
annual mean surface air temperature escalate from 3.5 °C to 4.3 °C. In particular, the variability of Indian
rainfall under warming condition has been studied by many researchers (Menon et al 2013, Sharmila et al 2015,
Yaduvanshi and Ranade (2017)). The North West India witnessed a lower monsoon rainfall with higher number
of droughts (Jena et al 2016). The highest increase in annual summer monsoon, early onset of monsoon and
higher inter annual variability were found to occur in North East and South West Coast of India (Duncan et al
2013). Southwest monsoon season in India is dominant one to bring rainfall for the most of the country. Other
than monsoon, South East India mostly receives it’s rainfall from North East monsoon (October-December)
and North West region also get signiﬁcant rainfall during winters (Rajeevan et al (2012)). Even though the
impact of global warming have been analyzed at all India level (Bhowmick et al 2019), there is not much
information regarding speciﬁc 2 °C and 1.5 °C temperature rise on the regional climate change of India at the
state level. Most of the climate change and adaptation plans are prepared at the state level and it would be
relevant to understand the impacts of 2 °C and 1.5 °C global warming across the different states in India. In this
perspective, we analyze the mean annual and seasonal changes in temperature and rainfall across Indian states in
the context of 1.5 °C and 2 °C global warming, using all CMIP5 model outputs.
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2. Study area
India is an enormously geographic diverse place with a variety of climate regimes and local weather conditions.
Barring hilly northern region and islands, entire India has been divided into 36 sub-divisions based on
meteorological characteristics. There are 29 states and seven union territories present in India.
With its summer (South-west) and winter (North-east) periods, the Indian monsoon exerts its inﬂuence
dominantly on the climate of the subcontinent. Variation in the beginning, departure and amount of rainfall
during the monsoon season impacts the agriculture and allied activities, most of the industries and natural
resources of the country.

3. Method and data sets
In this study the analysis was made to assess the regional rainfall and temperature changes at annual and seasonal
scale under 1.5 °C and 2 °C global temperature rise (GTR). Convoluted shape of Indian land mass and
dominance of tropical region brought large biases in projecting climate change over Indian regions climate
simulations (Anand et al 2018). To avoid biases from individual model we have covered all possible CMIP-5
models to understand the range of temperature and rainfall changes. Total 81 members of RCP 8.5 and 108
members of RCP 4.5 were used which can be downloaded from KNMI Climate Explorer (https://climexp.
knmi.nl). Annual and seasonal scale analysis has been done including four seasons such as Pre monsoon (March
to May), Monsoon (June to September), Post monsoon (October to December) and winter (January and
February). 78 CMIP-5 models under RCP 8.5 and 105 models under RCP 4.5 were used for rainfall change and
for temperature change 81 (RCP 8.5) and 108 (RCP 4.5) models were used. To avoid the ensemble members
from single model (model is operated multiple times) weighted statistic is used (Knutti et al 2017).
The timing of each global warming level (1.5 °C and 2.0 °C over preindustrial) in each model simulation was
determined by calculating a 40-year preindustrial global mean temperature for the period 1861–1900 (Huang
et al 2017); this period was chosen to incorporate the maximum number of models, as some models began with
the year 1861. Then years were identiﬁed at which the 31-year running mean (1901–1931, 1902–1932) of global
temperature exceeded 1.5 °C and 2.0 °C over the pre-industrial global mean temperature.
For each Indian state, an area-averaged temperature and rainfall changes relative to pre-industrial at the time
of 1.5 °C and 2.0 °C global warming levels were then calculated using the 31-year mean centered. Consensus of
minimum 75% members on the sign of change has been identiﬁed as one of the criteria of decision making
(Pinto et al 2016).
To understand the normal behavior of different models for individual states descriptive statistics such as the
measure of central tendency (mean, median, range, etc) and dispersion (SD) were used. Statistical signiﬁcance of
change based on the distributions of ensemble in their respective warming levels at 95% signiﬁcance level is
evaluated using Wilcoxon paired signed rank test (Silliman et al 2013). The spatial distribution of maximum and
minimum temperature and rainfall change maps were generated at 1.5 °C and 2 °C global warming using
ArcGIS version 10.3.1. The box plots were used to present the projected variability at each Indian state.
Interquartile range which shows the distance between two percentiles (25th and 75th) represents the height of
boxplot. The central line inside the box refers to the median value and the straight vertical lines above and below
the box are the whiskers. The length of line indicates the minimum and maximum value.

4. Results and discussion
4.1. Rainfall change over different states
A regional distribution pattern shows that the maximum change is expected to occur over the North Eastern
states of India under both 1.5 °C and 2.0 °C rise of global temperature under both RCP 4.5 and 8.5 scenarios,
more so in the state of Arunachal Pradesh. Median value of rainfall change is considered to represent the
quantitative change and the range of minimum and maximum rainfall change is presented in bracket for
corresponding states. Under RCP 8.5, it was observed that the country shows an overall increase in rainfall which
varies between a maximum of 44.00 mm (−188 to 416 mm) and 107.09 mm (−175 to 400 mm) in the state of
Arunachal Pradesh to a minimum of 7.6 mm (−81 to 124 mm) and 20.01 mm (−69 mm to 91 mm) in Haryana
(ﬁgure 1) for 1.5 °C and 2.0 °C rise of global temperatures respectively.
Under RCP 4.5 scenario, the rainfall changes in Arunachal Pradesh ranged from 39.7 mm and 92.3 mm.
There is a large spread in range due to the variations in climate sensitivity of models across the regionparticularly for rainfall (ﬁgure 2). It has been noted that spread provide important information about the change
(McSweeney and Jones (2016)). Median/averaged mean of model compares better to observation than a single
model.
3
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2.0°C Global Warming (2038)
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Figure 1. Indian states showing annual rainfall change using (Median) CMIP 5 models under RCP 8.5 scenario at 1.5 °C global
warming by 2024 (A) and 2 °C (B) global warming by 2038, compared to pre-industrial level.78 models are used to calculate the
changes in rainfall. Change in regional rainfall at 0.5 °C (Bottom map) difference in global temperature.

Since RCP 8.5 scenario projects extreme case, it is expected that the changes are larger as compared to RCP
4.5. It is noted that RCP 8.5 corresponds to the pathway that has highest greenhouse gas emission compared to
other RCPs. In RCP 8.5 greenhouse gas emission grow by factor of 3 over the period (end of century) as resultant
of high food demand, increasing population and high fossil intensity in energy sector (Riahi et al 2011).
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Figure 2. Indian states showing annual rainfall change using (Median) CMIP 5 models under RCP 4.5 scenario at 1.5 °C global
warming by 2029 (A) and 2 °C (B) global warming by 2046, compared to pre-industrial level.105 models are used to calculate the
changes in rainfall. Change in regional rainfall at 0.5 °C (Bottom map) difference in global temperature.

Seasonal changes in the regional rainfall pattern in RCP 8.5 are presented in ﬁgure 3. The state of Arunachal
Pradesh showed higher rainfall in pre-monsoon season as compared to the monsoon period. This would
certainly have implications on future crop planning in the state. Delhi, Karnataka, Orissa and Rajasthan states
5
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Figure 3. Seasonal changes in the rainfall at each Indian States using CMIP 5 models under RCP 8.5 and RCP 4.5 at 1.5 °C and 2 °C
global mean temperature, (A) shows rainfall changes in Pre-Monsoon and Monsoon season and (B) shows rainfall changes in PostMonsoon and Winter season.
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Figure 4. Box plot showing the range of annual rainfall change obtained using CMIP 5 models under RCP 8.5 (81 models) scenario at
1.5 °C and 2 °C global mean temperature compared to pre-industrial level for all Indian states.
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Figure 5. Box plot showing the range of annual rainfall change obtained using CMIP 5 models under RCP 4.5 (105 models) scenario at
1.5 °C and 2 °C global mean temperature compared to pre-industrial level for all Indian states.

show very small increase in the rainfall compared to pre-industrial period. In winter season, except for Jammu
and Kashmir and Tripura States, in all other states there is a negative change in the regional rainfall compared to
pre-industrial period. Similar seasonal pattern was seen in RCP 4.5 also.
The distribution of predicted values of the changes in regional annual rainfall for the 29 States of India
obtained using the 78 GCM models (RCP 8.5) and 105 GCM models (RCP 4.5) are presented as a boxplot in
ﬁgures 4 and 5 respectively. As shown in ﬁgure 1, maximum change in rainfall was observed in the northern
eastern states of India but it is also observed that often the models are not converging to similar values, and so it
becomes imperative to look at the whole range of predicted values. For example, in Arunachal Pradesh state,
which showed highest change with a median value of 44.00 mm, the rainfall changes ranged from 416 mm to
−188 mm with a few outliers among the 78 models in RCP 8.5. The standard deviation value of all models is
quite high at 91.84 mm. Among the 78 models, eight models are suggesting an extreme value of rainfall change.
Many other states such as Mizoram, Meghalaya and Manipur are facing similar pattern in RCP 4.5 as well.
However, the states witnessing lower rainfall change such as Haryana, Rajasthan and Gujarat are showing a
comparatively narrower range of rainfall change. For instance, in Rajasthan, the range is from −31.5 to
73.25 mm with 28.33 mm of standard deviation.
The median value observed was quite high for states like Nagaland, Meghalaya and Manipur in NorthEastern India and Kerala in Southern India, where total rainfall is very high, shown in a wide box plot (ﬁgures 4
and 5).
In the rainfall prediction, box plot shows high range of rainfall change in a few states of North East Region.
Especially, in high rainfall receiving states like Nagaland and Meghalaya, the range of minimum to maximum
rainfall change is highest among all other states of India. MIROC5 and MIROC-ESM predicted the highest
change in rainfall with the value of 557.5 mm and 359.0 mm respectively. Sengupta and Rajeevan (2013) found
that MIROC5 provide overestimated rainfall simulation over the western part of India, whereas Jena et al 2016
concluded good performance of MIROC5 and MIROC-ESM in order to estimate peak count of rainfall days and
intensity of rainfall. In the arid and semi-arid zone of India the same models are showing the negative change.
Capturing regional rainfall precisely is a difﬁcult process due to the limitation of models. Models such as
7
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Figure 6. Indian states showing annual temperature change using (Median) CMIP 5 models under RCP 8.5 scenario at 1.5 °C global
warming by 2024 (A) and 2 °C (B) global warming by 2038, compared to pre-industrial level.81 models are used to calculate the
changes in rainfall. Change in regional rainfall at 0.5 °C (Bottom map) difference in global temperature.
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1.5°C Global Warming (2029)

2.0°C Global Warming (2046)
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Figure 7. Indian states showing annual temperature change using (Median) CMIP 5 models under RCP 4.5 scenario at 1.5 °C global
warming by 2029 (A) and 2 °C (B) global warming by 2046, compared to pre-industrial level.108 models are used to calculate the
changes in rainfall. Change in regional rainfall at 0.5 °C (Bottom map) difference in global temperature.

HADGCM2-ES, GISS-E2R have shown negative rainfall change (−181.6 mm and −264.7 mm) in the highest
rainfall receiving zones.
HADGCM2-ES is found to be capturing the low rainfall across India (Menon et al 2013). In the RCP scenario
8.5 the time difference of reaching from 1.5 °C and 2 °C is very short; reﬂects the instant need of adaptation in
India as it will happen too fast. Results on precipitation should be interpreted with caution as rainfall values have
larger inter-model spread and are more sensitive to interannual variability than the temperature response.
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Figure 8. Seasonal changes in the temperature at each Indian States using CMIP 5 models under RCP 8.5 and RCP 4.5 at 1.5 °C and
2 °C global mean temperature, (A) shows temperature changes in Pre-Monsoon and Monsoon season and (B) shows temperature
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4.2. Temperature change over different states
Projected values of the change in global mean temperature for the 29 States of India are obtained using 81 GCMs
for RCP 8.5 and 108 GCMs for RCP 4.5. Most states of Northern India (Jammu and Kashmir, Himachal Pradesh
and Uttaranchal) are showing high increase in temperature under both RCPs (ﬁgures 6 and 7).
The median values of temperature changes for all the states are seen to be positive under both RCP 4.5 and
RCP 8.5 (ﬁgure 7), and range from 1.4 °C and 1.9 °C for Kerala to 2.1 °C and 2.8 °C for Jammu and Kashmir at
1.5 °C and 2.0 °C GTR respectively. The lowest rise is observed over the South Eastern and North East part of
India. In some states, models reﬂecting temperature changes under RCP 4.5 are higher than those under RCP 8.5
(ﬁgure 7). This is because, in RCP 4.5, year of reaching 1.5 °C difference is 2029, whereas in RCP 8.5 it is 2024. In
similar way, timing of reaching 2 °C GTR under RCP 4.5 is 2046 and 2038 in the case of RCP 8.5. It is also noted
that the year of showing 1.5 °C and 2 °C GTR is a median value chosen from among the 108 models under RCP
4.5 and 81 models under RCP 8.5. Worst case scenario, which is also known as RCP 8.5 is reaching 1.5 °C earlier
as compared to RCP 4.5.
In all seasons, Jammu and Kashmir, Himachal Pradesh and Uttaranchal are projected to have higher
temperature change. Many studies have shown similar ﬁndings in these zone with rise of 2.5 °C–4.5 °C by the
end of century (Panday et al 2015), highest change in temperature recorded over western Himalaya (Joshi
et al 2018). A slightest change in the climate over the Himalayas may lead to disastrous consequences for the
people depending on various resources of Himalayas as well as for the people living in downstream areas (dimri
et al 2018). For 2 °C of global warming, most land regions will be much warmer (Huntingford and Mercado
(2016)). Winter and post monsoon season months are showing temperature rises that are greater than monsoon
and pre-monsoon months. Other Indian states, such as Sikkim, Rajasthan and Haryana also showed signiﬁcant
increase in the winter season (ﬁgure 8). It has been showing in many literatures that winter temperature would
rise signiﬁcantly over the period (Mondal et al 2015 and Kundu et al 2017).
As shown in ﬁgures (9 and 10), models are converging to similar values in temperature as compared to
rainfall, which is more than 75%. For example, in Himachal Pradesh, which showed highest change with a
median value of 2.1 °C, the temperature change ranged from 1.2 °C to 2.7 °C among the 81 models under RCP
8.5. In spite of having wide range of the models, the standard deviation of all models is quite low.
In case of temperature range, the states such as Haryana, Rajasthan and Delhi have witnessed the widest
range of temperature change (3.2 °C to 0.5 °C) with 0.54 °C standard deviation. GFDL-ESM-2M and CNRMCM5 have given the highest change for the arid regions (3.3 °C) whereas CESM-1-CAM5 and CMCC-CM have
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Indian states showing temperature change under different warming levels (RCP 8.5)
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Figure 9. Box plot showing the range of annual temperature change obtained using CMIP 5 models under RCP 8.5 (81 models)
scenario at 1.5 °C and 2 °C global mean temperature compared to pre-industrial level for all Indian states.

projected lowest rise in temperature (0.5 °C). Therefore, arid regions are difﬁcult to capture in its real form from
the GCM models. Apart from the temperature and rainfall change, CMIP5 models have also shown variability
while reaching the 1.5 °C and 2 °C global warming. Models with high transient sensitivity to climate reach
sooner than low climate transient sensitivity.

5. Discussion and conclusions
We comprehensively analyzed the temperature and precipitation changes using all CMIP-5 members across
India in order to understand the implications of 1.5 °C and 2 °C temperature rise under RCP 4.5 and RCP 8.5.
Relative to pre-industrial period, 65% of the country has shown the maximum increase in temperature of 2.1 °C
and 2.8 °C under the threshold of 1.5 °C and 2 °C respectively. In addition, maximum increase in annual rainfall
is expected in the North East region of country, especially during the pre-monsoon and monsoon seasons.
Increase in rainfall projections in pre-monsoon season indicate a need for change in farm management practices
such as early land preparation and sowing activities. On the other hand, in the monsoon period, quantum and
intensity of rain would be the important causes of ﬂoods in the Brahmaputra valley which covers most states of
northeastern region. For instance, Assam received close to 510 mm of rainfall between 1st June and 27th June
2017 (31% of excess rainfall as compared to normal rainfall of 388 mm during this period) resulting in the most
devastating ﬂood of a decade. The state action plan for climate change and adaptation needs to take into
cognizance of increased frequency of such extreme events. States like Jammu Kashmir (now converted into
union territories of Jammu and Kashmir and Ladakh), Himachal Pradesh and Uttaranchal are indicating
temperature increases of 3 °C in winter and post-monsoon seasons under the 2 °C global warming and 2.4 °C
under the 1.5 °C global warming in both scenarios. Rise in temperature would increase the climate variability
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Indian states showing temperature change under different warming levels (RCP 4.5)
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Figure 10. Box plot showing the range of annual temperature change obtained using CMIP 5 models under RCP 4.5 (108 models)
scenario at 1.5 °C and 2 °C global mean temperature compared to pre-industrial level for all Indian states.

leading to extreme events affecting river discharge (Huntington 2006, Yaduvanshi et al 2018). Schleussner et al
(2015) found that occurrence of extreme events could increase by 10 percent under the scenario of 2 °C global
warming. Therefore, in both warming levels, there would be increased melting of snow and glaciers causing
severe ﬂooding in the lower plains of Ganges. The volumes of glaciers are changing in a negative manner from
3.6% to 97% with an average glacier degradation of 15% to 27% in the Himalayan range of Jammu and Kashmir
(Koul and Ganjoo (2010)). Both these situations, viz. melting of glaciers due to temperature rise in Himalaya
region and high rainfall in Northeastern states, will increase vulnerability of people residing in the deltaic regions
of Ganga and Brahmaputra rivers by the year 2038. 11 CMIP5 GCMs show increase in ﬂood frequency (under
RCP 8.5) and increase in mean, high and low stream ﬂows (under both RCP 8.5 and 4.5) in peninsular India
(Hirabayashi et al2013), which may worsen with projected increase in temperature and rainfall in future. This
could potentially trigger widespread displacement and migration of millions of people into already highly
populated inner lands resulting in increased pressure on local water and land resources.
Post monsoon and winter season are showing greater temperature rise compared to monsoon and premonsoon. The agriculture sector is particularly vulnerable to climate change and it would have to bear the
maximum impact of increased climate variability and extremes. States in which agriculture could be potentially
affected by increased temperature rise are Haryana, Punjab and Rajasthan (Northern part of India), which account
for the highest wheat and paddy growing areas in the country. Yields of wheat, mustard, groundnut, soyabean and
potato are expected to decline by 3–7% for every one degree increase in temperature. Erratic rainfalls and dry
spells under the face of global warming cause reduction in paddy yields in India (Auffhammer et al 2012). Barlow
et al (2015) found that excess heat initiated fall in grain numbers and reduced period of grain ﬁlling in paddy.
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As shown by the study, the greatest repercussions of temperature rise are found over the northern and
central Indian states where farmers are highly vulnerable and have low adaptive capacities despite various
initiatives taken by the central and the state governments.
It is vital to establish robust assessment systems of climate change projections as well as impact assessment at
the regional and local level. The problems of temperature rise need to be seen in totality as there is already an
increased incidence of land use land cover changes, ground water decline, pests attack, frequently occurring heat
waves etc and these are only expected to increase in future.
The implications of projected increases in rainfall and temperatures in the future could have potential risks
at a larger biophysical level (ex. in terms of increased river ﬂows and consequent ﬂoods) or at farm level
production activities (ex. impact on crop productivity).
India, through its National Action Plan on Climate Change (NAPCC), has pledged to address the challenges
of climate change. State governments are also working on the same line to address the objectives of NAPCC by
formulating the state action plan on climate change (SAPCC). India has a number of climatic zones and response
of each zone to climate change would be different (Khan et al 2009). More research with disaggregated data
would provide insights into the differential impacts in the different agro climatic regions within a state, as each
state has more than one agro climatic region.
It is important for the current national and respective state action plans on climate change and adaptation to
be more sensitive as well as responsive to the different scenarios at the global level (4 °C, 2 °C and 1.5 °C) in order
to take more informed policy decisions as well as develop strategies that beneﬁt the regional or local populace.
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