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Trend analysis of annual rainfall over the coastal  
districts of Odisha, India showed statistically non-
significant increasing trend in all districts, except 
Ganjam. Whereas the maximum and minimum tem-
perature showed significant increasing trend. Warm-
ing in these districts is mainly due to increasing 
minimum temperature during summer and rainy sea-
son, and maximum temperature during winter. Future 
climate projection results revealed, the annual mean 
rainfall is expected to change by 0.1–2.2%, –0.3–0.7% 
and 1.5–3.2% (RCP 4.5), and 3.6–7.9%, 3.7–6.6% and 
8.5–14% (RCP 8.5) during the near (2011–39), mid 
(2040–69) and late (2070–99) centuries respectively. 
Anticipate climate change will have a marginal impact 
on total rainfall, and a major impact on its distri-
bution. The annual mean minimum temperature is  
expected to increase by 0.60–0.73°C, 0.71–0.88°C, 
1.20–1.42°C (RCP 4.5), and 1.77–2.14°C, 1.56–1.68°C, 
3.06–3.73°C (RCP 8.5) during near, mid and late  
centuries respectively. Similarly, the annual mean 
maximum temperature is expected to increase by 
0.61–0.66°C, 0.68–0.72°C and 1.35–1.55°C (RCP 4.5), 
and 1.79–1.97°C, 1.73–2.01°C and 3.08–3.44°C (RCP 
8.5) during near, mid and late centuries respectively. 
Season-wise projection revealed that the change in 
rainfall and temperature is expected to be more in 
winter and summer under both the RCP scenarios. 
The projected future climate change will have both 
positive and negative impacts on agriculture. The 
negative impacts are expected to be more pronounced 
during kharif in comparison to rabi. 
 
Keywords: Climate projection, coastal districts, rain-
fall, temperature, trend analysis. 
 
THE Indian state of Odisha situated on the east coast near 
the Bay of Bengal, is one of the most vulnerable regions 
in the world to climate change in terms of violent tropical 

cyclones, rainfall and temperature. This is an agriculturally 
predominant state housing 70% of the small and marginal 
farmers with poor resource endowment and who depend 
on monsoon for agricultural production1. In Odisha, the 
coastal plains are the most productive due to well-
developed irrigation facilities and fertile land comprising 
alluvial soil2. However recently, the coastal plains are 
highly threatened and have become potentially vulnerable 
ecosystems to climate change3. The poor countries and 
poor people are the ones that suffer most from extreme 
events due to climate change4. 
 Temperature and rainfall are two important weather 
factors which play a major role in crop germination, 
growth, reproduction and yield, and subsequently agricul-
tural production5–8. Odisha’s agriculture mostly depends 
on the southwest monsoon (SWM) which determines the 
length of crop growing period, cropping pattern and prof-
it from farming. About 76% of yearly rainfall is received 
in SWM (June to October) and 17% is received in sum-
mer (March to May). Any anomaly in the seasonal rain-
fall influences the communities which depend on farming 
for their livelihood. In eastern India, western Odisha was 
earlier known as a calamity hotspot, but now the coastal 
areas are also considered as a calamity hotspot due to 
regular occurrence of tropical cyclones, droughts, floods, 
heat waves, etc.9. The frequency of cyclones has  
increased on the Odisha coast. Multiple cyclones hit the 
state in quick succession. Odisha has experienced natural 
calamities like floods, droughts and cyclones during  
almost all the years since 1965. In the last 105 years, 
floods, droughts and cyclones have struck the state for 
50, 32 and 11 years respectively, and declared calamity 
damaged for 95 years10. With increasing greenhouse gases 
(GHGs), there is a high probability that the frequency of 
these natural calamities will increase in future9,11. Projec-
tion of future climate in advance will provide an opportu-
nity to develop adaptation options to deal with the natural 
calamities. The climate models help understand and  
assess the rainfall and temperature extremes.  
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Figure 1. Map showing the study area. 
 
 
 Coupled Model Inter-comparison Project (CMIP5) is 
one among the many climate models used by Intergov-
ernmental Panel on Climate Change (IPCC) in its Fifth  
Assessment Report to forecast world climate. Interestingly, 
most of the models under CMIP5 are representative con-
centration pathways (RCP)-based climate projections12. 
The recent literature shows a better simulation of future 
climate by CMIP5 models13,14. An effort has been made 
for climate projection for South India using CMIP5 mod-
els15. Similar projections were also made for Central and 
North India16. However, such projections are not availa-
ble for eastern India, especially for the coastal regions. 
So the present study has been made with the following 
objectives: (1) Understanding the past rainfall and tem-
perature trends of coastal Odisha through time-series 
analysis. (2) Projection of temporal and spatial differenc-
es in rainfall and temperature over Odisha coastal plains 
using different CMIP5 models and RCP scenarios.  

Materials and methods 

Details of the study area 

The coastal plains of Odisha are known as the ‘hexadel-
taic region’ or the ‘gift of six rivers’ as it is formed by the 
deltas of six rainfed rivers, viz. Subarnarekha, Budhaba-
langa, Baitarani, Brahmani, Mahanadi and Rushikulya. It 
spreads along the shore of the Bay of Bengal having  
maximal width in the middle coastal plain (the Mahanadi 
Delta), thin in the southern coastal plain (Ganjam Plain) 
and thinnest in the northern coastal plain (Baleswar 
Plain). In Odisha, coastal plains lie in the eastern part of 

the state between lat. 19.63 and 21.48N, long. 85.00 and 
86.81E. Future projection has been made for all the 
coastal districts of Odisha, viz. Balasore, Bhadrak,  
Cuttack, Ganjam, Jagatsingpur and Puri, except for Ken-
drapara due to unavailability of weather data (Figure 1).  

Baseline data 

The daily meteorological data of 1980–2010 collected 
from India Meteorological Department (IMD), Pune, 
were used as baseline data for future climate projections. 
The data (daily rainfall, daily minimum and maximum 
temperatures) were subjected to quality checks like miss-
ing values, typographical errors and extreme values. The 
missing values were filled by calculating an average of 
ten days earlier and ten days after the missing period. The 
solar radiation was generated from daily observed  
sunshine hours using the Weatherman tool of Decision 
Support System for Agro-technology Transfer (DSSAT).  

Scenarios selection 

RCP 4.5 represents the moderate warming scenario of the 
world. According to RCP 4.5, GHG and total radiative 
force will reach roughly 650 ppm CO2 equivalent and 
4.5 Wm–2 respectively, before 2100. While RCP 8.5 
represents the highest warming scenario, GHG and total 
radiative force will reach 1370 ppm CO2 equivalent and 
8.5 Wm–2 respectively, before 2100 (ref. 17). In this 
study, we used RCP 4.5 and RCP 8.5 scenarios as they 
are representative of moderate and highest warming sce-
narios respectively.  
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Table 1. List of climate models used and their description 

Model Modelling centre (or group) Resolution (lat.; deg) Resolution (long.; deg)
 

CCSM4  National Center for Atmospheric Research, USA 0.942 1.250
HadGEM2-ES Met Office, Hadley Centre, UK  1.250 1.875
MIROC5 The University of Tokyo, National Institute for Environmental Studies 

and Japan Agency for Marine–Earth Science and Technology
1.417 1.406 

NorESM1-M  Norwegian Climate Centre 1.895 2.500
GFDL-ESM2M NOAA Geophysical Fluid Dynamics Laboratory 2.000 2.500 

BCC-CSM1.1  Beijing Climate Centre, China Meteorological Administration 2.812 2.812 

CanESM2 Canadian Centre for Climate Modelling and Analysis 2.790 2.812
IPSL-CM5A-MR Institute Pierre-Simon Laplace, France 1.268 2.500
MPI ESM-LR Max Planck Institute for Meteorology, Germany 1.865 1.875
NorESM1-M  Norwegian Climate Centre 1.895 2.500 
   

 
 
CMIP5 model selection 

Climate projection using multi-model mean method  
improves the reliability and precision, and is a simple 
way to reduce biases in individual model outputs18. Thus 
in this study, we used a multi-model ensemble of nine 
global climate models (GCMs) (CCSM4, HadGEM2-ES, 
MIROC5, NorESM1-M, GFDL-ESM2M, BCC-CSM1.1, 
CanESM2, IPSL-CM5A-MR and MPI ESM-LR) for future 
rainfall and temperature projections. Table 1 presents  
detailed information about the GCMs used in this study.  

Study period and climate projection 

For future climate projection, the 21st century was  
divided into three-time slices, viz. near (2011–39), mid 
(2040–69) and end (2070–99) centuries. Using R envi-
ronment, the future weather files were generated for all 
the models and time slice as a separate file. R scripts and 
GCM files for RCP 4.5 and RCP 8.5 were run under R 
console according to the procedure formulated by the 
Agricultural Model Intercomparison and Improvement 
Project (AgMIP)19. The daily output was transformed to 
annual and seasonal, viz. SWM (16 June to 31 October), 
winter (1 November to end of February) and summer (1 
March to 15 June) projections using Weather Cock ver-
sion 1 (ref. 20). For each district and all the models, vari-
ation from the base year (1980–2010) was estimated by 
computing the difference between the near, mid and late 
centuries with the base-year average. These scenarios of 
future projections are referred as ‘mean change scena-
rios’. The ensemble of all the model outputs shows the 
possible range of change in rainfall and temperature over 
the coastal plains of Odisha. 
 Trend analysis of maximum temperature, minimum 
temperature and rainfall was performed for the period 
1980–2010 using a simple linear regression method and 
statistical significance was determined using Trend Tool-
kit software21. The statistical significance of the observed 

trends was defined at 95% (P-value = 0.05) significance 
level in this study.  

Results  

Historical analysis 

Table 2 presents temperature and rainfall profile of the 
coastal plains of Odisha from 1980 to 2010. The average 
rainfall in the coastal plains is 1504 mm and it is slightly 
higher than the state average (1482 mm). The rainy sea-
son accounts for 75.9% (1143 mm) of the total rainfall, 
followed by summer 16.6% (250.8 mm) and winter 7.4% 
(107.9 mm). The study of historical rainfall data showed 
unimodal rainfall in the coastal plains (that is, there is only 
one rainy season). The distribution of rainfall was not 
uniform across the coastal plains. Among the districts, 
the highest annual rainfall was recorded in Balasore 
(1644 mm) followed by Jagatsingpur (1604 mm),  
whereas the lowest rainfall was recorded in Ganjam 
(1199 mm). Season-wise distribution showed the highest 
mean rainfall in Jagatsingpur (1226 mm), Balasore 
(349 mm) and Ganjam (149 mm) districts during rainy, 
summer and winter seasons respectively. The contribu-
tion of summer and winter season rainfall to total rainfall 
was 13.1% and 7.2% in Puri, and 16.2% and 12.5% in 
Ganjam districts respectively. Though Ganjam district  
received the lowest amount of annual rainfall in compari-
son to the other coastal districts, its distribution during 
summer and winter was relatively higher than the dis-
tricts. The mean annual maximum and minimum tem-
perature of Odisha coastal plains was 31.6°C and 22.6°C 
respectively. Among the seasons, the mean maximum 
temperature was highest during summer (34°C), whereas 
the mean minimum temperature was highest during rainy 
season (25.2°C) in all the study areas. The lowest mean 
maximum (29°) and minimum (17.6°) temperatures were 
recorded in winter. Among the districts, the highest mean 
maximum temperature during all seasons was recorded in 
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Figure 2. Annual and season-wise time-series analysis of minimum temperature in the coastal plains of Odisha, India, for the period from 1980 to 
2010. Alphabets in bold before the district name indicate the season. A, Annual; W, Winter; S, Summer; R, Rainy. *Trend is significant at 95% 
confidence interval. 
 
 
Cuttack followed by Bhadrak, whereas Jagatsingpur  
recorded the lowest mean maximum temperature during 
all seasons. Similarly, Puri district recorded the highest 
mean minimum temperature and Cuttack district recorded 
the lowest mean minimum temperature in all seasons. 
The average diurnal variation in temperature (difference 
between the minimum and maximum temperatures)  
during winter, summer and rainy season was 11.4°C, 
9.1°C and 6.9°C respectively. Among the districts, diur-
nal variation in temperature was maximum in Cuttack. 
The difference in mean minimum temperature between 
rainy season and summer was 0.7°C. This shows that the 
change in minimum temperature during rainy season and 
summer is less in comparison to winter.  

Time-series analysis 

The trend analysis of rainfall in the coastal districts 
showed an increasing trend in all cases, except Ganjam. 
However, it was statistically non-significant in all the 
coastal districts. Whereas the trend analysis of maximum 
and minimum temperatures showed significant increasing 
trend in all the coastal districts (Figures 2 and 3). The 
significant increasing trend of maximum and minimum 
temperatures clearly shows that the coastal districts are 
warming over the years. Among the districts, only Bha-

drak and Jagatsingpur showed statistically significant  
increase in minimum temperature during all three seasons 
(Figure 2). In Puri district, significant increasing trend of 
minimum temperature was recorded during rainy season 
and summer, while non-significant increase was recorded 
in winter. Similarly, in Balasore and Ganjam the mini-
mum temperature increased significantly during summer 
and rainy season respectively, while non-significant  
increasing trend was recorded during the other seasons. 
With respect to maximum temperature, the increasing 
trend during rainy season remained statistically non-
significant in all the coastal districts, while it was signifi-
cant during summer and winter (Figure 3). Significant  
increase in maximum temperature during winter was  
noticed in all the coastal districts, except Ganjam. Simi-
larly, in summer significant increase in maximum tem-
perature was recorded only in Bhadrak, Jagatsingpur and 
Puri districts. This study clearly shows that warming in 
the coastal districts of Odisha is mainly due to increasing 
minimum temperature during summer and rainy season, 
and maximum temperature during winter.  

Future climate projections 

Tables 3 and 4 present the annual and seasonal mean 
maximum temperature, mean minimum temperature and 
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Figure 3. Annual and season-wise time-series analysis of maximum temperature in the coastal plains of Odisha for the period from 1980 to 2010. 
Alphabets in bold before the district name indicate the season. A, Annual; W, Winter; S, Summer; R, Rainy. *Trend is significant at 95% confi-
dence interval. 
 
 
mean precipitation projection for the coastal districts of 
Odisha for RCP 4.5 and RCP 8.5 scenarios respectively. 
Projected rainfall shows that the expected climate change 
will have a marginal impact on total rainfall received in 
this region, while it will have a major impact on rainfall 
distribution during various seasons. Annual mean rainfall 
projection showed an increasing trend under both RCP 
scenarios, except in Puri district under RCP 4.5 scenario. 
The rate of change of annual mean rainfall under RCP 4.5 
is projected to be in the range 0.1% to 2.2%, –0.3% to 
0.7% and 1.5% to 3.2% during the near, mid and late cen-
turies respectively, over the baseline years (1980–2010). 
Similarly, under RCP 8.5 scenario it is projected to in-
crease by 3.6% to 7.9%, 3.7% to 6.6% and 8.5% to 14% 
during the near, mid and late centuries respectively. 
 Season-wise analysis shows that the winter rainfall is 
projected to decrease in all three-time slices in RCP 4.5 
and only in one (near century) under RCP 8.5. Tables 3 
and 4 give the percentage of projected change in rainfall 
under RCP 4.5 and RCP 8.5 respectively. During mid 
century it is expected to increase in Balasore and Bad-
hrak, and decrease in the other districts. Whereas in the 
end century it is projected to increase in all the districts, 
except Cuttack and Jagatsingpur. However, the percen-
tage of projected decrease in winter rainfall is higher  
under RCP 4.5 compared to RCP 8.5. During the rainy 
season, rainfall is projected to increase under both the 
RCP scenarios, with the highest increase shown in RCP 
8.5 scenario. The increase in rainfall is projected to be 
more at the end century under both the RCP scenarios. 
During summer rainfall is projected to decrease in the 
near century and increase in mid and late centuries under 
RCP 8.5. While under RC P4.5, the summer season rain-

fall is projected to increase in all the districts, except Puri 
in the near century, and Cuttack and Puri in the mid cen-
tury. During the late century it shows a decreasing trend 
in all the districts, except Bhadrak and Ganjam.  
 Based on RCP 4.5, the annual mean maximum temper-
ature is expected to increase by 0.61–0.66°C, 0.68–
0.72°C and 1.35–1.55°C during near, mid and late centu-
ries respectively (Table 3), while under RCP 8.5 it is  
expected to increase by 1.79–1.97°C, 1.73–2.01°C and 
3.08–3.44°C during near, mid and late centuries respec-
tively (Table 4). As expected, the warming is maximum 
under RCP 8.5 compared to RCP 4.5. The season-wise 
projection shows that during winter the maximum tem-
perature is expected to increase by 0.62–0.66°C, 0.65–
0.79°C and 1.48–1.72°C during the near, mid and late 
centuries respectively, under RCP 4.5 and by 1.95–
2.12°C, 1.97–2.26°C and 3.26–3.64°C during the near, 
mid and late centuries respectively, under RCP 8.5. In 
summer the mean maximum temperature is projected to 
increase by 0.61–0.72°C, 0.75–0.86°C and 1.28–1.62°C 
during the near, mid and late centuries respectively, under 
RCP 4.5. While under RCP 8.5 it is projected to increase 
by 1.76–2.11°C, 1.60–2.06°C and 2.99–3.43°C during the 
near, mid and late centuries respectively. During the rainy 
season, mean maximum temperature is projected to  
increase by 0.57–0.61°C, 0.65–0.68°C and 1.23–1.36°C 
during near, mid and late centuries respectively, under 
RCP 4.5 and 1.67–1.77°C, 1.61–1.76°C and 3.08–3.17°C 
during the near, mid and late centuries respectively, under 
RCP 8.5. Under RCP 8.5, the mean maximum tempera-
ture is projected to increase maximum during winter fol-
lowed by summer and rainy season. While under RCP 
4.5, it is projected to increase maximum during summer 
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followed by winter and rainy season during near and mid 
centuries, and winter followed by summer and rainy  
season during late century. This clearly shows that the 
change of maximum temperature will be more during 
winter and summer compared to the rainy season under 
both the RCP scenarios.  
 The annual mean minimum temperature is expected to 
increases by 0.60–0.73°C, 0.71–0.88°C, 1.20–1.42°C 
(RCP 4.5) and 1.77–2.14°C, 1.56–1.68°C, 3.06–3.73°C 
(RCP 8.5) during the near, mid and late centuries respec-
tively (Tables 3 and 4). The season-wise projection shows 
that during winter the mean minimum temperature is  
expected to increase by 0.57–0.70°C, 0.69–0.92°C, 1.22–
1.32°C (RCP 4.5) and 1.88–2.28°C, 1.71–2.06°C, 3.26–
4.02°C (RCP 8.5) during the near, mid and late centuries 
respectively. In summer, it is projected to increase by 
0.63–0.79°C, 0.74–0.96°C, 1.20–1.33°C (RCP 4.5) and 
1.78–2.26°C, 1.52–1.72°C, 3.04–3.91°C (RCP 8.5)  
during the near, mid and late centuries respectively. 
While in the rainy season the mean minimum temperature 
is projected to increase by 0.61–0.71°C, 0.69–0.78°C, 
1.18–1.37°C (RCP 4.5) and 1.67–1.93°C, 1.44–1.55°C, 
2.90–3.35°C (RCP 8.5) during the near, mid and late  
centuries respectively. Similar to mean maximum  
temperature, the mean minimum temperature during win-
ter will have a large increase followed by summer and 
rainy season under the RCP 8.5 scenario. While under 
RCP 4.5 it shows summer > rainy season > winter in the 
near century, summer > winter > rainy season in the mid 
century and rainy season > summer > winter in the late 
century.  

Discussion 

High temperature affects all the growth stages of rice, i.e. 
from germination to maturity and the severity depends on 
cropping season, growing region, cultivar and growth 
stage22. In India, the rabi (post-rainy season) rice crop 
growth is slow during the vegetative stage due to cool 
weather23. Conversely, the usual high and low tempera-
tures during vegetative and flowering stage respectively, 
in kharif (wet season) are favourable for rice growth and 
development.  
 The heat wave and high temperature during flowering 
interfere in the reproductive process and reduce seed set 
by causing spikelet sterility24–26, and reduce grain yield 
by shortening the grain-filling duration and its rate27–31 

and stimulating crop respiration. Temperatures above 35 
at anthesis and lasting for more than 1 h can cause a  
reduction in the proportion of fertile spikelets and grain 
yield32.  
 The results of this study show the increase in tempera-
ture (minimum and maximum) over the coastal plains of 
Odisha in all three-time slices under both the RCP scena-
rios. During kharif (rainy season) the minimum and  

maximum temperatures are expected to increase by 0.61–
1.37°C and 0.57–1.36°C respectively, under RCP 4.5 and 
1.44–3.35°C and 1.61–3.17°C respectively, under RCP 
8.5. However, rainfall during kharif is expected to in-
crease under both the RCP scenarios and all three-time 
slices. The current temperature in coastal plains of  
Odisha is close to optimum for rice production during the 
kharif season. However, the increasing temperature may 
not be ideal for this. The kharif rice is sown in May and 
June, and it comes to flowering in September and Octo-
ber. The expected temperature rise during flowering may 
shorten the kharif rice duration and reduce grain yield, 
and the impact is expected to be more under RCP 8.5 
over RCP 4.5. Growing suitable heat-tolerant culti-
vars33,34, change of sowing date, alternate cropping sys-
tem, application of chemicals and providing supplemental 
irrigation35 are the most effective measures to cope with 
the expected climate extreme36.  
 Besides rice, pulses (green gram, black gram, horse 
gram) and oilseeds (groundnut, sesame, toria) are gene-
rally cultivated in the rabi season. Rabi crops largely  
depend on winter and summer rainfall. Even two to three 
spells of rainfall during rabi season hugely benefit these 
crop. The future climate projection over coastal Odisha 
shows an increase in minimum and maximum tempera-
tures by 0.57–1.32 and 0.62–1.72 respectively (under 
RCP 4.5), and 1.71–4.02 and 1.95–3.64 respectively  
(under RCP 8.5), during rabi season, with a decrease in 
rainfall up to 24.1% (RCP 4.5) and 20.6% (RCP 8.5). The 
expected climate change during rabi season over the 
coastal plains of Odisha presents both advantages and 
disadvantages. The increasing temperature provides an 
opportunity for early sowing of rabi rice crop. During 
December, the temperature over these coastal plains  
approaches near the base temperature (lowest temperature 
below which rice growth stops). Farmers delay the sow-
ing of rabi rice due to low temperature in December23. 
The second crop of rice sown immediately after the  
harvest of kharif rice suffers from poor crop establish-
ment and slow growth, especially early vegetative stage 
due to cool weather condition. The delayed sowing of  
rabi rice leads to terminal heat stress during flowering 
and maturity stage, and ultimately yield loss37,38. Con-
versely, the probability for the combined occurrence of 
dryspell and terminal heat stress is expected to increase in 
the coastal plains of Odisha due to the expected increase 
in temperature and decrease in rainfall during rabi  
season. The increase in temperature offers an opportunity 
for early sowing of rabi (dry season) crop. The early  
sowing of rabi crop reduces the chance of terminal heat 
stress and forced maturity39,40. Thus, expected tempera-
ture increase will benefit rabi rice by facilitating early 
sowing and avoiding terminal heat stress. It also facili-
tates efficient use of residual soil moisture (available soil 
moisture after the harvest of rice crop) by succeeding 
crops41.  
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Conclusion 

Trend analysis of daily maximum and minimum tempera-
ture events in the coastal plains of Odisha over 31 years 
(1980–2010) revealed significant warming over the years. 
Future climate projection using CMIP5 multi-model 
mean also shows increasing trend over these coastal 
plains under both RCP scenarios. The rate of increase in 
temperature is more under RCP 8.5 compared to RCP 4.5. 
The duration of summer in coastal Odisha will be longer 
and winter will be shorter. Among the districts, Balasore, 
Bhadrak and Cuttack will experience more warming 
compared to the other coastal districts. The season-wise 
projection shows that the uncertainties in rainfall  
are larger in winter followed by summer and lowest in the 
rainy season under both RCP scenarios. The large uncer-
tainty in winter and summer rainfall will harm the prod-
uctivity of rabi crops like pulses and oilseeds. In kharif 
season, the yield and quality of rice crop are expected to 
be adversely affected by changing climate. The major  
limitation of this study is the use of coarse resolution 
GCM. The CMIP6 models have been improved in many 
aspects, such as higher resolution in the atmosphere and 
ocean, an improved representation of physics, and im-
proved representation of aerosols in comparison to 
CMIP5. So future climate projections will be done using 
CMIP6 and compared with CMIP5 model output. How-
ever, the findings of this study can assist scientists and 
policymakers to develop appropriate coping strategies to 
anticipating climate change.  
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