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Climate climate is very likely to affect agricultural production at the global, 

regional, and local level as agriculture is dependent on climate. Global climate 

change is going to affect crop productions many crops including rice (Oryza 

sativa L.) which is the most important cereal crop and staple food for more than 

half of world's population. Climate change will significantly affect the 

agricultural sector in developing countries, leading to serious consequences 

related to food production and food security, with bigger impacts on small-holder 

farmers and the poor. Most of the available studies on potential long-term threats 

to the agricultural sector from climate change are based on developed countries 

and few on developing countries. India is one of the world's largest producers of 

rice, accounting for 20% of all world rice production. So, it is important to study 

how climate change is going to affect rice production in India. In India predictions 

about impact of climate change on rice production started in 1990s. There are 

experiments carried out at different parts of India to assess effect of climate 

change on rice production in India by using different models. As India’s 

population is growing continuously it is challenge for agricultural sector in India 

to increase rice production combating consequences of climate change. So, this 

paper discusses impact of climate change on rice production as in India as whole 

by comparing different experiments at various regions by using different 

methods/ models and different climate scenarios and different factors. It will be 

really useful for predicting impact of climate change in future crop production of 

rice in India.  
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INTRODUCTION 

Climate change denotes to changes beyond 

the average atmospheric condition they may be 

caused by natural factors like orbit of earth’s 

revolution, volcanos, crustal movements etc. and by 

artificial factors like increase in the concentration of 

greenhouse gases like CO2, Methane etc. Agriculture 

is indeed often considered as the most weather-

dependent human activity (Hansen, 2002). One of 

the most direct impact of global climate change may 

have on human societies is the potential 

consequences on global crop production (Berg et al., 

2013). Climate change can disturb food availability, 

decrease access to food, and affect food quality as 

reported by USDA (2015). Estimated increases in 

temperatures, fluctuations in precipitation forms, 

occurrence of extreme weather events, reduced water 

availability may result in reduced agricultural 

productivity. General circulation models on climate 

change specify that due to increasing concentration 

of greenhouse gases (GHGs), global average surface 

temperature will increase by 1.5 to 4.5°C  in next
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100 years (Senapati et al., 2013). Climate models 

predict occurrence of more extreme weather 

conditions, like increased droughts, heavy rainfall, 

cyclones, storms etc. It will impose severe risks and 

potential crop failure (Kumar et al., 2014).   

Many studies propose higher impact of 

climate change on agriculture in developing 

countries as compared to developed countries (Stern, 

2006). Changes in climate is likely to benefit 

agriculture in most developed countries due to 

increase in temperature because fertilization effects 

of carbon are expected to more than adverse climatic 

effects. But as majority developing countries are 

already hot would not benefit from further warming, 

while adaptation and carbon fertilization are 

expected to mitigate these effects slightly (Cline, 

2008). Still level of the impact will dependent on 

extent of climate change and other factors. Increase 

in temperature will affect on physiology of crops as 

direct effect, similarly it will affect crops indirectly 

through changes in the water availability and 

incidence of crop diseases and pests (Rosenzweig, 

2000; Bale et al., 2002). India is likely to experience 

increases in the range 1.7 to 2°C by the 2030s and 

3.3 to 4.8°C by the 2080s relative to preindustrial 

times while all-India rainfall under RCP 6 is 

projected to increase from 4 to 5% by the 2030s and 

from 6 to 14% towards the end of the century (the 

2080s) compared to the 1961–1990 baseline 

(Chaturvedi et al., 2012). 

Rice is important cereal crop which makes 

up approximately one third of the caloric 

consumption of third world populations. The largest 

rice producers are China, India and Indonesia. India 

is one of largest rice exporters of rice too. Rice 

cultivation is the principal activity and source of 

income for more than 100 million households in 

developing countries in Asia, Africa and Latin 

America (Desiraju et al., 2009). Rice is very 

important for food security of more than half the 

world population because they depend on supply and 

distribution rice. China and India are understood to 

play important roles in both rice production and 

consumption (Alias Bin et al., 2006). Rice is the 

staple food of 65 % of the Indian population. Every 

year about 2.5 million tonnes of milled rice is 

required to sustain present level of food adequacy. In 

India rice contributes 43 per cent of total food grain 

production and 46 per cent of total cereal production 

(Nandhini et al. 2006). Projected high temperatures 

may cause striking decrease in world rice production 

(Furuya and Koyama, 2005). Productivity of rice 

crop is greatly dependent on climatic changes, so it 

is necessary to maintain it at upper level so that it 

will meet to future food demands of increasing 

population in India (Hundal and Prabhjyot, 2007).  

According to IPCC 

In general impact of climate change on 

global food production may be low to high 

depending on effective adaptation and sufficient 

water supply (IPCC, 1998). The IPCC (2007) 

projected that temperature increase by the end of this 

century is expected to be in the range 1.8 to 4.0°C. 

Climate modelling studies contributing to the 

IPCC’s Fourth Assessment Report (AR4) suggest 

tropical cyclones may become more intense in the 

future with stronger winds and heavier precipitation 

(Meehl et al., 2007). For the Indian region (South 

Asia), the IPCC projected 0.5 to 1.2°C rise in 

temperature by 2020, 0.88 to 3.16°C by 2050 and 

1.56 to 5.44°C by 2080, depending on the future 

development scenario (IPCC, 2007 b).  

The Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change (IPCC) 

indicates that climate change has already had an 

impact on crop phenology (phenology refers to the 

growth and development of different parts of plants) 

and associated farm-management practices. The 

worldwide experiments projected 10-40% decline in 

crop production in India by 2080-2100 due to 

climate change unless farmers adapt to climate 

change (IPCC, 2007). Wheat yields are predicted to 

fall by 5-10% with every increase of 1°C and overall 

crop yields could decrease up to 30% in South Asia 

by the mid-21st century (IPCC, 2001). Climate 

change will cause 40% drop in agricultural 

production by the 2080s. Rise in temperatures will 

affect crop growing areas, assigning hundreds of 

millions of people at the edge of chronic hunger 

(IPCC, 2009). 

Impact of climate change on agriculture in India 

India is an agriculture based large country 

with diverse climate where two third of agricultural 

area is rain fed. India has diverse cropping system 

with various crops at different seasons. As 

agriculture in India is highly dependent on rainfall a 

slight change in rainfall pattern impacts a lot on crop 

production. Rainfall and temperature decides water 

availability, crop growth and duration. India will 

experience further seasonal variation in temperature 

through more warming in the winters than summers 

(Christensen et al., 2007, Cruz et al., 2007). 

Generally, the temperature rise is likely to be much 
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higher during the winter (Rabi) rather than in the 

rainy season (Kharif). It is projected that by the end 

of the 21st century, rainfall over India will increase 

by 10-12% and the mean annual temperature by 3-

5°C. The warming is more pronounced over land 

areas with a maximum increase over northern India 

(Karn, 2014). In India direct impacts of climate 

changes would be small on kharif’ crops but kharif 

agriculture will become susceptible due to increased 

frequency of extreme weather like shift in rainy days, 

rainfall intensity, extent and occurrence of drought 

and floods, diurnal asymmetry of temperature, 

change in humidity, and disease incidence and 

virulence (Mall et al., 2007). 

Agriculture is a key component for the 

growth of the Indian economy. With a contribution 

of nearly 15.7 % to India’s GDP and 10.23 % 

(interim) to the total exports, it also provides 

employment to 58.2% of the population, so a steady 

growth of agriculture sector is dynamic for progress 

and development of India. Agriculture is 

considerably dependent on the south-west monsoon 

in country as the net irrigated area of the country is 

60.9 million hectares from a total net sown area of 

140.3 million hectares. Large part of the net sown 

area is rain-fed, Indian agriculture is very sensitive 

to any changes in the pattern of rainfall (Aggarwal et 

al., 2010). Rao et al. (1994) estimated decrease in 

cereal production so nutrition security of the 

populated but land-hungry regions of India would be 

troubled. 

Agronomic studies in India, for instance, 

suggest that a temperature rise of 4°C would cause a 

fall in grain yields by 25-40 % (Rosenzweig and 

Parry, 1994). In developing countries, adaptation 

options like changes in crop-management or 

ranching practices, or improvements to irrigation are 

more limited. Farmers in India are marginal. Kumar 

(2009) using an economic Ricardian approach, 

estimated an approximately 3 % decline in farm-

level net revenue annually in India for a scenario that 

envisages a +2°C temperature change and a +7 per 

cent precipitation change. According to Cline (2007) 

Agricultural yield in India is going to affect 

seriously. South India will face reduction in crop 

yield in range of 15 to 25 % however in North India 

it will be more than 25% between 2003 and 2080s. 

Kumar et al. (2016) pointed out that land 

productivity declines with increase in annual average 

maximum temperature. By using simulations, it was 

predicted that climate change would cause a decrease 

in land productivity by 48.63 % by 2100 and loss of 

income in farmers of India. 

 
Fig.1 Impact of climate change projected on agricultural yields (Source Cline, 2007) 

 



 
http://jbsd.in 900                                            ISSN: 2229-3469 (Print) 

Naikwade Pratap Vyankatrao 

Climate change will ominously affect the 

agricultural segment in developing countries, 

leading to serious problems to food production and 

food security, with larger influences on marginal 

farmers and the poor people (IPCC, 2007; Thornton 

et al., 2013; Morton, 2007). But the majority of the 

available studies on potential long-term threats to the 

agricultural sector from climate change are based on 

developed countries and few on developing 

countries. In India predictions about impact of 

climate change on rice production started in 1990s. 

There are experiments carried out at different parts 

of India to assess effect of climate change on rice 

production in India by using different models. So, 

this paper discusses impact of climate change on rice 

production as in India as whole by comparing 

different experiments at various regions by using 

different methods/ models and different climate 

scenarios and different factors. It will be really useful 

for predicting impact of climate change in future 

crop production of rice in India. 

Rice production in India 

India is one of the world's largest producers 

of rice, accounting for 20% of all world rice 

production. Rice is India's pre-eminent crop, and 

staple food in many parts of India. Rice accounts for 

23.3% of gross cropped area and 43% of total food 

grain production as well as 46% of cereal production 

(Singh, 2009). From 1950 to 2015 rice production in 

India increased along with rice cultivation area and 

irrigation facility (Fig.2). Country has the largest 

area under rice cultivation. Rice is basically a kharif 

(sown during Jun-Jul and harvested in Nov-Dec) 

crop accounts for 84% of the country’s rice crop. 

This is followed by summer rice (sown during Nov-

Feb and harvested in Mar-Jun) at 9% and autumn 

rice (sown during May-Aug and harvested in Sept-

Oct) which accounts for 7% of the rice crop. Rice 

crop require optimum temperature around 25 oC and 

rainfall more than 100 cm. Rice is also cultivated 

through irrigation in areas receiving comparatively 

less rainfall. Although due to occurrence of drought 

and other extreme events we can see fluctuations in 

rice yield in India there is increase in yield upto 

400% from 1950-2015 (Fig. 3). Nevertheless, rice 

yield (Kg/hectare) is less as compared to other 

countries. In recent years in 2009-10 rice yield was 

reduced due to severe drought that affected almost 

half of the country. In future also changes in climate 

will going to affect rice production in India. As 

India’s population is growing continuously it is 

challenge for agricultural sector in India to increase 

rice production combating consequences of climate 

change. So, it is important to study how climate 

change is going to affect rice production in India. 

 

 

 

Fig. 2. Rice cultivated Area (Million hectare), rice production (Million Tons) and area under 

irrigation (%) in India (1950-2015)  

 

 

 
(Source: Directorate of Economics and Statistics, Department of Agriculture and Cooperation, India) 
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Fig. 3 Rice yield (Kg/hectare) in India (1950-2015) 

 
(Source: Directorate of Economics and Statistics, Department of Agriculture and Cooperation, India) 

 

Impact of climate change on rice production  

Studies suggest that increase in temperature, 

rising seas and changes in rainfall patterns and 

distribution expected as a result of global climate 

change could lead to substantial modifications in 

land and water resources for rice production as well 

as in the productivity of rice crops grown in different 

parts of the world (Nguyen 2002). Studies using 

DSSAT models showed that increase in temperature 

may reduce rice yield by 12% and changes rainfall 

pattern will be responsible for reduction in yield upto 

31.3%, until 2030. 

Increase in concentration of atmospheric 

CO2 in future, may also improve plant growth 

through the fertilization effect since CO2 is an 

essential component of photosynthesis (Watanabe 

and Kume, 2009). When C3 plants, such as rice, are 

exposed to high CO2 concentration, the net 

photosynthesis rate of their leaves is accelerated due 

to both enrichment of substrate CO2 and inhibition of 

photorespiration by high CO2 concentration (Long et 

al. 2004). However, the stimulatory effect of high 

CO2 concentration decrease gradually as the time of 

the exposure is prolonged (Gen-Yun Chen et al. 

2005). In rice the photosynthetic acclimation is 

related to both RuBP carboxylation limitation and 

RuBP regeneration limitation (Gen-Yun Chen, 

2005).  

Projections about impact of climate change on 

rice production in India 

It is important to understand impact of future 

climate change on rice production in Indian scenario. 

As climate change scenarios got changed from time 

to time, predictions about rice production also 

changed. As India is a large country with diverse 

climatic conditions, it is necessary to consider results 

of various experiments carried out at different parts 

of India. With development in different models and 

changes in climate change predictions, results also 

going to change.  Table 1 represents some important 

experiments from 1991 to 2016 which gave different 

predictions about effect of climate change on rice 

production in India by considering different 

parameters and different climate change scenarios at 

various parts of India.   

 

able 1. Projections about change in rice yield due to climate change in India as per different experiments 

Area Crop Model 

 

Prediction about Change in Yield of rice Reference 

India - Highest yielding areas 

- 0.75 t/ha for 1 °C increase in temperature 

Low yielding areas 

- 0.04-0.08 t/ha for 1 °C increase in temperature 

Sinha and 

Swaminathan 

(1991) 

India ORYZA1 increase in rice production under the GCMs 

scenarios 

Mohandass et al. 

(1995) 
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Punjab CERES–Rice - 5.4 % for 1 °C increase in temperature 

- 7.4 % for 2 °C increase in temperature 

- 25.1 % for 3 °C increase in temperature 

Hundal and Kaur 

(1996). 

India ORYZA1 Primary planting season 

+25.5% in GFDL  

+28.2% in GISS  

+28.4% in UKMO scenarios 

Secondary planting season 

-18.0% in GFDL 

- 43.3% in GISS 

+40.6% in UKMO scenarios 

Mohandass and 

Ranganathan 

(1997) 

Northwest 

India 

CERES- Rice +15 and + 28% for a doubling of CO2 

+ 4% for enhanced CO2 and increased 

temperature 

Lal et al. (1998) 

Kerala CERES-Rice 

v3 

Positive change upto 5°C increase but then For 

every 1°C decrease upto 6%. 

- 8% per 2 mm/day decrease in rainfall 

Saseendran et al. 

(2000) 

Punjab CERES RICE - 3.2 % for 0.5°C increase in temperature 

- 4.9 % for 1 °C increase in temperature 

- 8.2 % for 1.5 °C increase in temperature 

- 8.4 % for 2 °C increase in temperature 

Mathauda et 

al.,(2000) 

India CERES-rice At Climate change scenario of 2040-49 

- 0 to 4% in NW India  

+ 3 to 5% Central India 

+ 5 to 17% South India 

Rathore et al. 

(2001)  

India CERES-rice 

and 

ORYZA1N 

+ 1.0 and 16.8% in pessimistic scenarios 

+ 3.5 and 33.8% in optimistic scenarios 

Aggarwal and Mall 

(2002) 

Indo-

Gangetic 

Plains 

DSSAT 

CERES-RICE 

3.5 

declining trends of potential simulated yield Pathak et al. (2003) 

Eastern 

region of 

India 

ORYZA1 and 

INFOCROP 

−7.20 and −6.66 % with every 1 °C increase in 

temperature 

For the GDFL, GISS and UKMO 

scenarios, ORYZA1 predicted the yield changes 

of - 7.63, -9.38 and -15.86%, respectively, while 

INFOCROP predicted changes of -9.02, -11.30 

and - 21.35%.  

 

Krishnan et al. 

(2007) 

Punjab CERES-Rice - 3 % with every 1 °C increase in temperature 

- 9% with every 1 °C increase in temperature and 

decrease in solar radiation by 5%  

Hundal and 

Prabhjyot (2007) 

Tamilnadu INFOCROP 

HADCM3 

Decreasing trend in yield Srivani et al. (2007) 

W. Bengal, 

India 

CERES-rice + 6% per increase CO2 level by 100 ppm  Swain and Yadav 

(2009) 

Upper 

Ganga 

Basin 

InfoCrop -23%  in 2080s Aggarwal et al., 

(2010) 

Bihar INFOCROP + 2.7% 2020s 

- 0.3% 2050s 

- 31.3% 2080s 

Hariss et al., (2010) 
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Cauvery 

basin of 

Tamil 

Nadu 

DSSAT with 

PRECIS 

output 

-356 kg ha–1 decade–1 without considering the 

CO2 fertilization effect 

-135 kg ha–1 decade–1 considering the CO2 

fertilization effect 

 

Geethalakshmi et 

al. (2011) 

Cauvery 

basin of 

Tamil 

Nadu 

DSSAT with 

RegCM3 

output 

-217 kg ha–1 decade-1 without considering the 

CO2 fertilization effect 

+ 24 kg ha–1 decade–1 considering the CO2 

fertilization effect 

Geethalakshmi et 

al. (2011) 

Western 

Ghats   

InfoCrop Irrigated rice 

- 4%  in 2030s in majority parts with range +5% 

to –11%  

Rain fed rice 

- 10%  in 2030s in majority parts with range  

–35% to 35% 

 

Kumar et al. (2011 

b) 

coastal 

districts 

InfoCrop Irrigated rice 

- 10%  in 2030s in majority parts but 

 + (< 5%) in some coastal districts of Maharashtra, 

northern Andhra Pradesh and Orissa.  

Rain fed rice 

+ 15%  in 2030s many of districts in the east coast 

but  

- 20% in 2030s in west coast. 

Kumar et al. 

(2011 b) 

Northeaster

n states  

InfoCrop Irrigated rice 

+ 5%  in 2030s in majority parts with range +5% 

to + 10%  

Rain fed rice 

- 10%  in 2030s in majority parts with range  

+ 5% to -35% 

Kumar et al. 

(2011 b) 

Bhavani 

basin 

SWAT + 11.1% 2020 

+ 15.8% 2030 

+ 20.9% 2040 

+ 15.8% 2050 

+ 12.2% 2080 

Lakshmanan et al. 

(2011) 

India (MIROC3.2.H

I) and 

(PRECIS) 

Irrigated rice 

- 4%  2020s 

- 7%  2050s 

-10 % 2080s 

Rainfed rice 

- 6%  2020s 

- <2.5 % 2050s 

- <2.5 % 2080s 

Naresh Kumar et al. 

(2013) 

Indian 

Ganga 

Basin 

DSSAT model 

CERES-Rice 

For 2011–2040 

Upper IGB − 5.9 to − 43.2% 

Lower IGB + 1.2 to − 22.6%  

Mishra et al. (2013) 

India Prais Winsten 

models with 

(PCSEs) 

- 2.23%, with every 1 °C increase in temperature Kumar et al. 

(2014b) 

Tamilnadu PCSE 

RegCM4 

- 10 % by the end of the 21st century  Saravanakumar 

(2015) 

Gomti 

River basin 

SWAT and  + 5.5 to + 6.7%  2020s 

+ 16.6 to + 20.2 % 2050s 

+ 26 to + 33.4 % 2080s 

Abeysingha et al. 

(2016) 
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Predictions during 1991-2000 

As climate change will result into rise in 

temperature, Sinha and Swaminathan (1991) 

assessed impact of rise in temperature on rice 

productivity. They predicted that a 2oC increase in 

mean air temperature could decrease rice yield by 

about 0.75 t/ha in the highest yielding areas of 

Punjab and Haryana; but in coastal areas, where 

monsoon season yields are poor, the decrease will be 

only 0.04-0.08 t/ha. Achanta (1993) simulated 

irrigated yields for Pantnagar district, Uttarakhand 

under doubled concentration of CO2 and increased 

temperature and reported that effect on rice 

production would be positive if there is no nutrient 

and water limitations. Mohandass et al. (1995) using 

ORYZA1 model simulated rice production in India 

under current and future climates. They predicted 

increase in rice production under the GCMs 

scenarios used. The fertilizing effect of the increased 

CO2 concentration is more than negative effects of 

increased temperatures. 

Hundal and Prabhjyot-Kaur (1996) reported 

that, if all other climatic variables were kept constant 

(normal), leaf area index (LAI), biomass yield, and 

grain yield of rice increased with elevated CO2. With 

an increase in CO2 from 330 to 600 ppm, 8% 

increase in biomass yield and 9% in grain yield was 

estimated. Temperature increase of 1, 2 and 3oC from 

normal, would reduce the grain yield of rice by 5.4, 

7.4 and 25.1% in Punjab. Mohandass and 

Ranganathan (1997) used ecophysiological crop 

model, ORYZAI, to predict changes in potential 

yield for both primary and secondary planting 

seasons using weather data from nine locations in 

India, viz., Aduthurai, Bijapur, Coimbatore, Cuttack, 

Hyderabad, Kapurthala, Pattambi, Madurai and 

Patancheru representing major rice growing regions 

located in six different agro ecological zones. 

Simulation results indicated a substantial increase in 

the grain yield from 25.5% to 28.4% in different 

scenarios in the primary planting season, across sites. 

However, in the secondary planting season it ranged 

from -18.0% to + 40.6%.  

Lal et al. (1998) assessed impact of climate 

change on rice in northwest India by using CERES 

model. They concluded that under elevated CO2 

levels, yield of rice increased significantly (15 and 

28% for a doubling of CO2). But, 2oC rise in 

temperature nullified positive effect of higher CO2 

on rice. The combined effect of enhanced CO2 and 

obligatory thermal stress on paddy is 4% growth in 

yield for the irrigation schedule.  

The sensitivity experiments conducted by 

Saseendran et al. (2000), showed that over the 

Kerala State, an increase in CO2 concentration result 

into enhanced yield. Reasons were due fertilization 

effect of CO2 and increased water use efficiency. An 

increase in the trend of simulated rice yield for a 1 to 

3 oC drop in temperature from present day level and 

decline thereafter. The yield maximum is simulated 

at a 3oC drop indicating 21% increment over the 

present level. At 5 oC temperature drop the yield 

remains at 16% from the base (present day) 

temperature level. For a positive change in 

temperature up to 5 oC, there is a constant drop in the 

yield. For 5 oC increase there is about 6% decline in 

the simulated yield. (Fig.4). Also, in another 

experiment, it was noticed that the physiological 

effect of ambient CO2 at 2oC in temperature was 

compensated for the yield losses at 425 ppm CO2 

concentration. The results indicated a fast decline in 

the crop evapotranspiration ET with increase in 

ambient CO2 level. The decline in ET rate is near 

exponential in the CO2 incremental range from 180 

ppm to 380 ppm and slower thereafter. A lowering 

in the ET of crop results in a reduced water 

requirement of the crop, which may be attributed to 

stomatal regulation by CO2 concentration in the 

ambient atmosphere. An increase in CO2 

concentration leads to yield increase due to CO2 

fertilization and also enhance the water use 

efficiency of the rice crop; the latter could prove 

useful for rain fed rice cultivation. (Fig.5).  

 

Figure 4. Sensitivity of rice yield to atmospheric 

temperature changes between –6oC and +6 oC as 

simulated by the CERES-Rice mode 

(Saseendran et al., 2000)  
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Figure 5. Sensitivity of ET and yield to CO2 

changes in the atmosphere as simulated by the 

CERES-Rice model (Saseendran et al. 2000) 

 

 
 

By using simulation technique Mathauda et 

al.,(2000) predicted that under the slight warming 

scenario the rise in temperature by 0.5°C over the 

normal will cut short the life span of the crop by two 

days. It will reduce the maximum LAI, biomass, 

grains per ear, grains m-2 and grain yield by 1.1, 1.3, 

2.4, 3.2 and 3.2 % respectively. In case of moderate 

warming scenario the average temperature rise of 

1°C is expected around the year 2020 which will 

cause reduction in grain yield upto 4.9 %. Greater 

warming scenario may occur around 2035 when the 

expected rise in temperature will be by 1.5°C. This 

change will have reduce grain yield upto 8.2 %. 

Under extreme warming scenario the average rise in 

temperature by 2°C over the normal is expected by 

the middle of next century with almost doubling of 

CO2 in comparison to 1990 level. Maximum 

reduction (12.4 %) will be observed in grains per ear 

followed by 8.4 % reduction in grains m-2 and grain 

yield.  

 

Predictions during 2001-2010 

Rathore et al. (2001) used CERES-rice 

model and analyzed the impact of climate change on 

rice production. As per model simulation when 

rainfall and CO2 concentration was kept constant in 

projected temperature scenario of 2040-49 there was 

decrease in yield in range 5-8% in North Western 

India, 3-17% in South India and 2% in central India. 

However If CO2 concentration is increased to 460 

ppm increase in yield in range 7-9%,6% and 8-20% 

in North Western, Central and South India 

respectively. Under climate change scenario 

decrease of 0-4% in yield in NW India and increase 

in yield 3-5% and 5-17% in Central and South India 

respectively. Negative impact due to increase in 

temperature is reversed by fertilization effect of CO2 

at 460 ppm concentration. Rainfall is also important 

deciding factor for change in yield of rice. 

Aggarwal and Mall (2002) assessed effect of 

climate change on rice yields under irrigated 

condition by using CERES-rice and ORYZA1N 

simulation models at different levels of nitrogen 

management. The climate change scenarios used 

were 0.1oC increase in temperature and 416 ppm CO2 

(2010 scenario) and 0.4 oC temperature and 755 CO2 

(2070 scenario) as the optimistic scenario, whereas 

increase of 0.3 oC temperature and 397 ppm CO2 

(2010 scenario) and 2.0◦C temperature and 605 ppm 

CO2 (2070 scenario) as the pessimistic scenarios of 

climate change, as adopted from studies of Watson 

et al. (1998). They concluded that direct effect of 

climate change on rice crops would be positive in 

diverse agro-climatic regions in country. It will be in 

range of 1.0 and 16.8% in pessimistic scenarios and 

3.5 and 33.8% in optimistic scenarios. 

Pathak et al. (2003) calculated climatic 

potential yields of paddy crop in Indo-Gangetic 

Plains of India. They estimated that potential yield of 

rice changed from − 120 to 50 kg/ha per year during 

period of 1985 to 2000. It was predicted that adverse 

change in weather parameters and decreasing trends 

of potential on-farm yield of rice can result into food 

insecurity in the area. In an experiment in New 

Delhi, Uprety et al. (2003) observed increase in rice 

grain yield due to increase in CO2 concentration. The 

increased net photosynthetic rate and greater 

accumulation of sugar contributed significantly to 

the accelerated development of leaves and tillers and 

finally grain yield. Nandhini et al. (2006) mentioned 

that rice cultivable land has declined due to scarcity 

of inputs and scanty rainfall in Tamil Nadu (India). 

The results of the Cobb-Douglas production function 

were fitted to find out the relationship between the 

yield of paddy and the independent variables. Now-

a-days most of the cultivable lands are kept fallow 

due to scarcity of inputs and scanty rainfall and 

majority of the population were living under poverty 

condition. Majority of the farmers raised crops under 

rainfed condition, which resulted in economic loss 

and financial risks to farmers, and hence dry land 

technique should be popularized in addition to 

cultivation practices, to use the resources at optimum 

level. 

Krishnan et al. (2007) analyzed effect of 

elevated CO2 concentration and temperature on rice 

yield in irrigated condition in eastern India by using 

two models ORYZAI and InFoCrop-rice.
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They showed that increased CO2 level can result into 

increase in rice yield, which is disturbed with the 

sterility of rice spikelets at higher temperature, time 

of sowing, genotypes. With each 1 °C increase in 

temperature at the current level of CO2 it was 

projected that average rice yield may change from 

−7.20 to −6.66 %. However if CO2 level is increased 

up to 700 ppm it can increase rice yield about 

30.73% and 56.37% by ORYZA1 and INFOCROP 

respectively. But for increase in temperature +4.8°C 

above responses became abnormally small.  

A study was conducted by Srivani et al. 

(2007) to evaluate effect of climate change on the 

yield of rice at 2020, 2050 and 2080 scenario of 

future climate change in the INFOCROP model. The 

rice variety chosen for simulation was IR 36 and CO2 

concentration at 376 ppm, 414 ppm, 522 ppm, 682 

ppm were used. Simulations showed that  crop 

duration, days to anthesis, LAI and DMP of rice crop 

steadily decreased from 2000 to 2020, 2050 and 

2080 due to increase in temperature under enriched 

CO2 levels. The extent of decline from 2050 to 2080 

is anticipated to be more than that of from 2000 to 

2020 and 2020 to 2050. Model also estimated less 

number of grains per square meter over years. 

Results predicted noticeable negative effects of 

future climate change on rice crop which shows the 

necessity to alter the management practices suitable 

to it. 

Hundal and Prabhjyot (2007) used CERES-

Rice model to study impact of climate change on rice 

production under non-limiting water and nitrogen 

availability. Past weather data analysis revealed 

change in minimum temperatures as –0.02 to + 

0.07°C/year, in maximum temperatures as –0.005 to 

–0.06°C/ year and increase in rainfall 2.5–16.8 

mm/year. Simulations showed that an increase in 

temperature up to 1.0°C can result into 3 % decrease 

in rice yield. Decrease in radiation and also cause 

decline in yield. When the maximum temperature 

decreased by 0.25 to 1.0°C while minimum 

temperature increased by 1.0 to 3.0°C from normal, 

the yield in rice decreased by 0.8 % from normal. 

When the temperature increased by 1.0°C and solar 

radiation decreased by 5% from normal, the grain 

yield of rice decreased by 9% from normal. Under 

enhanced CO2 concentration of 600 ppm, a 

temperature increase of 2.0°C from normal reduced 

the maximum LAI by 5.5%, biomass by 2.6% and 

grain yield by 2.8% from normal. 

Pandey (2007) estimated losses about 40% 

of total rice production ( worth $800 million) during 

severe droughts in Jharkhand, Odisha and 

Chhattisgarh. Significant reduction in the protein 

content of rice grains grown under CO2 enrichment 

facilities was also observed as reported by Uprety 

and Reddy (2008). An analysis of the past trends rice 

crop production in the Indo–Gangetic plains using 

crop simulation models, statistics, long term fertility 

experiments and field experiments showed that rice 

yields during past 30 years are showing a decreasing 

trend and may be partly due to the regular change in 

weather conditions in the past 20 years (Aggarwal, 

2008). 

Impact of climate change on rice yield was 

assessed by using CERES-rice model for medium 

and long duration varieties through field 

experimental data at Kharagpur, India. Using 

weather data of 1974-2000 simulations showed 

higher yield variability of the long duration variety 

'Swarna' than medium duration verities (IR 36 and 

Lalat) under rainfed condition. Though the 

maximum mean yield was simulated for Swarna 

variety. Increase in atmospheric CO2 concentration 

by 100 ppm, increased rice yield up to 6% if water 

and nutrients properly supplied. Increase in 

temperature by 20°C caused drop in yield of medium 

duration varieties but increase in case of long 

duration variety. The long duration variety showed 

better adaptability to climate change than the 

medium duration varieties under optimum input 

management condition (Swain and Yadav 2009). 

Though it’s much uncertain Desiraju et al. (2009) 

told that as a general rule, for every 75 ppm increase 

in CO2 concentration, rice yields will increase by 0.5 

ton per hectare, but yield will decrease by 0.6 ton per 

hectare for every 1°C increase in temperature. A 

drought during the summer of 2009 was one of the 

most severe in decades, with rice harvest declining 

by 14% (Commission for Agricultural Costs and 

Prices 2010). 

Aggarwal et al. (2010) by simulation 

analysis indicated that irrigated rice is likely to lose 

the yields up to 23% in many parts of the study 

region. The parts which are likely to face more yield 

loss as per A2-2080 scenario are in Dehradun, 

Haridwar, Bijnor, JP Nagar, Etah and Badaun 

districts. On the other hand in B2-2080 scenario, the 

yield loss is projected to be more in Dehradun, 

Haridwar and Bijnor districts. The yield loss is 

projected to be more in high rainfall zones, where 

rainfall is projected to increase further. This may 

lead to more cloudy days and thus can cause 

reduction in the yield. The high rainfall related soil 



 
http://biosciencediscovery.com 907                                ISSN: 2231-024X (Online) 

Bioscience Discovery, 8(4): 897-914, October - 2017 

erosion, loss of crop due to extreme events of rainfall 

are some of the likely reasons for such trend. The 

losses are likely to increase if irrigation sources 

dwindle or sink to lower levels than the current level. 

Further analysis indicated that chances of having 

years with improved yields in these areas is more in 

B2 than in A2 scenario. On the other hand, years 

experiencing loss in rice yield is likely to be more in 

A2 scenario than in B2 scenario. Based on the entire 

region, three probabilities can be drawn according to 

the model outputs. First, one out of every three years 

could have improved yields than the current. Second, 

in one out of three years the crop loss is likely to be 

about 10 percent. And third, one out of every three 

years, crop loss is likely to be more than 10% even 

extending up to 30%. On the other hand, in A2-2080 

scenario, the yield may be higher than current only 

one in every 10 years period, while six out of every 

10 years may lose yield up to 10% and three out of 

every 10 years may lose yields even up to 30%. 

Barnwal and Kotani (2010) found that mean 

rice yield and yield variability will be negatively 

affected by climate change in India. The study was 

carried out to access impact of temperature and 

precipitation on the mean and variance of seasonal 

rice yield in Andhra Pradesh, India, over period 

1969-2002. Two distinct approaches are used as 

panel data analysis and quantile regression. The 

panel data analysis approach suggests that, in 

general, an increase in temperature as well as inter-

annual variance of temperature and rainfall impact 

mean crop yield adversely, whereas the 

consequences of precipitation enhancement 

extremely depends on the cropping season. 

Moreover, an increase in average temperature, 

rainfall and their respective inter- annual variance 

are likely to increase inter-annual variability in crop 

yield. According to quantile regression approach 

sensitivity of rice production to climate change 

differs considerably across the quantiles of yield 

distribution. Specifically adverse effect of climate 

change is found to be more intense for rice 

production in lower quantiles. Additionally 

evidences in support of heterogeneity in the 

influence of climate change across the agro-climatic 

zones are also found. 

Elevated CO2 impact on rice cultivars in 

general showed that their development was 

accelerated throughout the vegetative phase, and 

flowering commenced seven days earlier, resulting 

in greater yield with change in the chemical 

composition of the rice grains (Uprety et al 2010). 

Harris et al. (2010) assessed impacts of future 

climate change on yield of long duration rice 

commonly grown in Bihar by sing INFOCROP 

model. Using the factors from HADCM3 General 

Circulation Model predictions, rice yield was 

simulated for future scenarios. The results showed an 

increase in rice yields for 2020 scenario to the tune 

of 2.7% decrease upto 0.3% for 2050 and a decline 

of 31.3% in 2080 from baseline with the current 

agronomic practices. Results indicated that potential 

yield of rice increased with elevated levels of CO2 

and decreased with increasing temperature. The 

simulation studies revealed that an increase in 

minimum temperature in future could be more 

negative for long duration rice variety when yield 

was considered.  

 

Predictions during 2011-2016 

Geethalakshmi et al. (2011) projected 

climate change over Cauvery basin of Tamil Nadu 

for A1B scenario, results showed that rice yield 

increases with increase in higher, lower temperatures 

and rainfall. The yields of ADT 43 rice simulated by 

decision support system for agricultural technology 

transfer with CO2 fertilization effect had shown a 

reduction of 135 kg per hectare per decade for 

providing regional climates for impact studies 

(PRECIS) output, while there was an increase in 

yield by 24 kg per hectare per decade for regional 

climate model system 3 (RegCM3) output. If only 

effect of rising temperature is considered, 2°C rise in 

temperature could lower yields of rice by 15–17 % 

(Jayaraman, 2011). Kumar et al. (2011a) stated that 

climate change has altered weather condition. It is 

impacting seasonal crops and decreasing available 

growing time of rice in Uttarakhand and Uttar 

Pradesh. Gupta et al. (2012) observed that climate 

change is likely to reduce the yields of rice in 16 

major agriculture intensive states of India. Slightly 

positive impact of increasing precipitation on rice 

yield was overshadowed by negative impact of 

increasing temperatures on yield, both in the wettest 

and driest areas. The expected decrease in rice yield 

is 1.21% in the wettest areas and 0.92% in the driest 

areas. 

Assessment on impact of climate change 

rice in ecologically sensitive areas, viz. the Western 

Ghats (WG), coastal districts and northeastern (NE) 

states of India, using InfoCrop simulation model, 

expected variable effects depending on location, 

climate, projected climate scenario, type of crop and 

its management (Kumar et al., 2011 b). 
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Irrigated rice in the NE region, and eastern 

coastal region is likely to gain while in WG region 

may lose. Irrigated rice in the Western Ghats region 

is likely to change by +5% to –11% in the PRECIS 

A1b 2030 scenario depending upon the location. In 

case of rainfed rice, yield can be affected from –35% 

to 35%, however a big area may lose yield up to 

10%. Results thus indicate that rice is able to benefit 

due to CO2 fertilization in some locations. As for 

irrigated rice, more fertilizers are supplied as 

compared to rainfed rice, it can result into greater 

yield due to fertilization effect of CO2. Irrigated rice 

in parts of southwestern Karnataka and the northern-

most districts of Kerala is likely to gain.  

During Kharif season increase of 1°C did not 

have any negative impact on yield. Increase in 

temperature beyond 1°C led to reduction in rice 

yields. Conversely increase in temperature is 

showing positive effect on rice yield during Rabi 

season. There is a gradual increase in the quantum of 

ground water flow, percolation, soil water as well as 

water yield. Yields of Kharif season rice with change 

in temperature, rainfall and CO2 is decreasing with 

advancement of time from current to end of the 

century. In the case of Rabi rice, the yield levels are 

not influenced considerably over the time 

(Lakshmanan et al., 2011). Auffhammer et al. (2011) 

used state-level Indian data and by statistical analysis 

proved that during 1966–2002 occurrences of 

drought and extreme rainfall events negatively 

impacted rice yield mostly in rainfed areas.  Drought 

cause greater loss as compared to extreme rainfall. 

By means of simulation they found that rice yield 

would have been 1.7% greater in absence of drought. 

Hundreds of millions of rice producers and 

consumers in India are affected by climate change. 

 International Rice Research Institute 

predicted 20% drop in production per degree celsius 

of temperature rise. Rice becomes sterile if exposed 

to temperatures above 35 degrees for more than one 

hour during flowering and consequently produces no 

grain (Senapati et al.,2013). Pattanayak and Kumar 

(2013) estimated that in the absence of climate 

change the rice production in India during 1969-

2007 would have been 8 % higher. Naresh Kumar et 

al. (2013) stated reduction in irrigated paddy yields 

about 4, 7, and 10 % during the 2020s, 2050s and 

2080s scenarios, respectively in India. Rainfed rice 

yields projected to decline by about 6 % during the 

2020s scenario, but during the 2050s and 2080s 

decrease was projected to be marginal 

(<2.5 %).  Mishra et al. (2013) informed that under 

REMO and HadRM3 projected climate change 

scenarios, rice production can be affected by −4.7 %, 

−23.8 % and −5.9 %  in Indo-Gangetic Basin area in 

India. 

Saravanakumar (2015) used panel data of 13 

districts for the period of 1971-2009 to evaluate 

impact of climate change on crop production in 

Tamil Nadu. Empirical results showed a quadratic 

(inverted U shaped) relationship between rice yield 

and climate variables. As temperature and rainfall 

increase, crop yield initially increases up to a 

threshold level, and then decreases. Following the 

RegCM4 projections that observed warming and 

anomalies in rainfall will continue, this could result 

in a significant loss in crop productivity. Projections 

suggest that there may be a 10 % decline in rice yield 

by the end of the 21st century relative to average 

yields during 1971-2009. A plausible reason for 

yield increase may be the interaction effects of 

temperature with elevated carbon dioxide 

concentration. 

Potential future impacts of climate change 

on irrigated rice yield was assessed by employing 

Soil and Water Assessment Tool (SWAT) and 

climate change scenario generated from MIROC 

(HiRes) global climate model. Simulation revealed 

positive impact with an increase in annual rice 

production in the range of 5.5–6.7, 16.6–20.2 and 

26–33.4 % during 2020s, 2050s and 2080s, 

respectively. (Abeysingha et al., 2016).  

By 2030, all over India, the mean 

temperature is projected to increase by at least 0.5°C 

in both summer and winter. In Northern India and 

Northwest India, the temperature is likely to increase 

by 1°C during winter. Based on the projection under 

RCP 6.0, in all regions in India, the temperature is 

likely to experience an increase of 1 to 1.5°C by 2050 

but in northern India, including rice production 

centers such as Punjab and Uttar Pradesh, the mean 

temperature is likely to increase by 2°C. By 2080, 

hotter summers and winters are likely to be seen in 

northern parts of India such as Punjab and Uttar 

Pradesh, with temperatures increasing up to 3°C, 

while in the rest of India’s rice production regions, 

the temperature is likely to increase by at least 2°C. 

There will be more break days and less monsoon 

days and variation in rainfall. Increases in frequency 

of extreme climate events like floods and droughts 

will result into decline in rice crop production affect 

food security and cost of living and ultimately 

worsen rural poverty in India (Teng et al., 2016). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4972810/#CR36
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Similar results are given in other parts of world. 

Matthews et al. (1995) reported a reduction in rice 

yield of about 5 % per degree rise in mean 

temperature above 32 °C. Peng et al. (2004) 

described decrease in rice yield upto 15% for each 

1°C increase in mean temperature in the Philippines. 

Vaghefi et al. (2013) indicated a sharp decline in 

grain yield and then potential negative effects on rice 

production in warmer regions if temperatures 

increase. 

Experiments reported that climate change 

resulting in increased temperature adversely impact 

physiology of rice crop and finally declining rice 

yields. Since CO2 is an essential component in 

photosynthesis, increase atmospheric concentration 

of carbon dioxide is expected to increases plant 

growth and consequently rice yields. But it is 

expected to counteract the negative effects of 

increase in temperature and decrease in solar 

radiation. Likewise, areas with more radiation, rice 

production is higher. Climate change is projected to 

increase the temperatures more in the A2 scenario 

than in the B2 scenario. Simulation studies 

conducted using InfoCrop-Rice models, indicate that 

rice crop is likely to be affected more in the A2 

scenario than in the B2 scenario. Rice is impacted 

both by temperature and water availability. Due to 

uncertainty about projected precipitation it is 

difficult to guess effect of increased frequency of 

floods and severe droughts.  Heavy rain events result 

into flooding which also damage crop yield 

(Goswami et al. 2006). Data from more number of 

RCMs is useful to understand impact of climate 

change. Additionally, to use the numerical outputs 

profoundly for planning and policy development, it 

is sensible to use outputs of different crop varieties, 

at different regions.  

Crop simulation models are able to analyse 

impact of weather and genetic traits on productivity 

of crop under a given set of management practices. 

However, there are some major limitations of crop 

simulation studies. In crop simulation models effect 

of nutrients (except nitrogen) is not simulated. 

Increase in temperature joined with enhanced 

precipitation may create encouraging conditions for 

pest and disease infestation in India. The adverse 

impacts of weed, pest and disease on crop production 

are not considered in simulation models. However, 

simulation studies guide in estimating effect of 

climate changes on phenological development, 

growth and yield of crops. So, results should be 

viewed in light of limitations of crop simulation 

models. 

Simulation analysis for developing 

strategies for adapting rice to climate change 

scenarios highlighted low-cost adaptation strategies 

which included improved crop variety, change in 

variety and improved crop management, change in 

sowing time, efficient utilisation of irrigation and 

fertilizer, increased seed replacement by the farmers 

and increased fertiliser application. Farmers will be 

in a position to reduce their net vulnerability, if they 

follow one of the low-cost adaptation strategies in 

both A2-2080 and B2-2080 scenarios. The adverse 

changes in weather parameters and decrease in 

potential yields should be taken as an indication of 

future problems. Farmers’ yields should be 

continuously monitored for their stability. Breeders 

should develop new verities with improved 

germplasm and which are more adjustable in 

changed climate. Scientists working on soil and 

agronomy should find out ways to improve input use 

efficiency. People in planning and policy 

development must plan ways to circulate the 

technology to farmers. Regular monitoring of crops 

and climatic factors in actual agriculture area would 

help in forecasting problems and permitting 

measures to be taken to improve productivity. 

CONCLUSION 

The impact of climate change on rice 

production is of particular interest due to its 

importance as a food source in all over the world, 

Asia and especially in India. Different studies reveal 

variation in predictions about impact of climate 

change on rice production. Change in temperature, 

radiation, rainfall and carbon dioxide levels can 

affect the yields of rice through their direct effect as 

well as indirect effects. Though climate models done 

a good job of capturing the large-scale aspects of 

current climate, but still contain systemic model 

errors adding uncertainty to the future projection. 

Differences in climate patterns are major source of 

uncertainty in local and national yield projections, as 

especially precipitation patterns differ considerably 

between GCMs. confident projections on future crop 

yields lead to decreasing food self-sufficiency ratios 

in other regions. Impact of elevated CO2 and 

temperature on rice yields is still unclear. 

Uncertainty in predictions results from climate 

models, spatial resolution, crop models and to add an 

additional level of complexity, rice crop depends on 

management skills, rice variety, cropping pattern, 

infrastructure etc. 
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Majority of studies on impact of climate change on 

rice production reveals negative effect on overall 

yield. Temperature increase may shorten the length 

of the growing period and thus reduce yield, if 

management practice is not changed. It can be 

concluded that high increase in CO2 and low increase 

in temperature may increase rice yields while high 

increase in temperature and low increase in CO2 may 

result into decrease in rice yield due to adverse 

effects on crop growth.  

Proactive measures for adaptation to climate 

change can significantly lessen adverse impacts and 

thus add to livelihood security of rural population in 

risk. Regional models for the Indian subcontinent 

should be developed for downscaling the climate 

change scenarios of smaller regions for the near 

future, and the sensitivity analysis for all possible 

scenarios of climate change using crop weather 

model should be taken up for assessing the impact of 

future climate and for developing adaptation 

strategies. In a scenario of changing climate and 

evolving technologies, it is necessary to introduce 

crops which can withstand fluctuating temperature 

and other natural factors. 
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