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lkj & Qlyksa dh iSnkokj ekSleh ifj?kVukvksa ls dkQh izHkkfor gksrh gSa blfy, tyok;q  esa fdlh Hkh 

izdkj ds ifjorZu ls Qly dh mit ,oa mRikndrk cgqr vf/kd izHkkfor gksxhA _rqxr vk/kkj ij Qly dh 
mit ds iwokZuqeku ds fy, ,u-okbZ-Mh- fo’kys"k.k ds mi;ksx ls ;g irk pyk gS fd vf/kdre rkieku ls o"kZ 
2020 rd iwohZ mRrj izns’k esa pkoy dh iSnkokj esa izfr gSDVs;j 1-0 ls 1-1 izfr’kr rd dh deh gks ldrh 
gSA blh izdkj U;wure rkieku ls iwohZ mRrj izns’k esa  pkoy dh iSnkokj esa izfr gSDVs;j 1-5 ls 1-9 izfr’kr 
rd dh deh gks ldrh gSA o"kkZ ds Hkkoh ifjn`’; ls ,slk irk pyrk gS fd nf{k.k&if’pe ekulwu o"kkZ pkoy 
dh iSnkokj dks fu;af=r djus okyh eq[; dkjd gksxhA fcgkj jkT; esa xsg¡w ds mRiknu esa vf/kdre rkieku  
dh Hkwfedk iwohZ mRrj izns’k dh rqyuk esa vf/kd egRoiw.kZ gSA ekWMy dk iwokZuqeku gS fd vf/kdre rkieku esa 
o`f) ds dkj.k o"kZ 2080 ds var rd fcgkj jkT; esa xsg¡w dh iSnkokj esa 5&6 izfr’kr dh deh gks ldrh gS 
tcfd ;g deh iwohZ mRrj izns’k esa 1-5 & 2 izfr’kr rd dh gks ldrh gSA 

 
ABSTRACT. Production of crops is greatly influenced by weather phenomena and therefore any change in climate 

will have major effects on crop yield and productivity. Using NYD analysis for prediction of crop yield on seasonal basis, 
it has been observed that maximum temperature may cause the reduction in yield of rice in Eastern Uttar Pradesh by 1.0 
to 1.1% per ha by 2020. Similarly, minimum temperature may decrease the yield of rice by 1.5 to 1.9% per ha in Eastern 
Uttar Pradesh. From future scenario of rainfall it was observed that south-west monsoonal rainfall would be the major 
factor for controlling the yield of rice. The role of maximum temperature for wheat production in Bihar state is more 
significant as compared to Eastern Uttar Pradesh. The model predicts that wheat yield may decrease by 5-6% in Bihar 
state due to increase in maximum temperature by the end of 2080 whereas this decrement in Eastern Uttar Pradesh may 
be 1.5-2.0%.  
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1.  Introduction 
      

Climate change is frequently considered a major 
conservation threat to the country. The Earth’s climate has 
already warmed by 0.5° C over the past century and recent 
studies show that it is possible to detect the effects of a 
changing climate on ecological systems. Changes in 
climate in recent decades are apparent all over the globe at 
all levels of ecological organization, population structure 
and functioning of ecosystems.  
 

Importance of climate change as a current threat to 
species emphasizes the need of conservation and 
reintroduction efforts. The temperature, humidity, air 

movement, solar radiation and rainfall are major climatic 
parameters affecting the nutritional plan of animals 
through production level of crops and pastures. In recent 
decade climate induced natural disasters like drought, 
cyclone, erratic and uneven distribution of rainfall have 
become a major problem in enhancing agricultural 
production in India. The IPCC predicts that the mean 
summer monsoon rainfall in India may decrease by              
0.5 mm/day (IPCC, 2001). The magnitude of projected 
changes in temperature, rainfall and carbon dioxide in 
future for different parts of the world, including India, as 
simulated by various General Circulation Models have 
been compiled by the IPCC (Watson et al., 1998). 
According to this, by 2010 CO2 level might increase to 
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397-416 ppm from the current level of approximately 368 
ppm. This is further likely to increase to 605-755 ppm by 
2070. There is considerable uncertainty in the projected 
magnitude of change in rainfall and temperature for India 
(Table 1). Relatively, the increase in temperature is 
projected to be less in kharif season than in the rabi. The 
rabi rainfall, however shows larger uncertainty. Kharif 
rainfall is likely to increase by as much as 10%. The study 
area-averaged annual mean warming by 2020 is now 
projected to be between 1.0 and 1.4° C and between 2.23 
to 2.87° C by the year 2050. It is again confirmed that 
kharif rainfall would increase and rabi rainfall may 
decrease in some areas (Aggarwal et al., 2001). 
 
2. Data and methodology 
  

A study of climate change on Indian Agriculture has 
been done under the network project of ICAR entitled 
“Impact, adaptation and vulnerability of Indian 
Agriculture to climate change”. The weather data like 
maximum temperature, minimum temperature, relative 
humidity, wind direction, total evaporation and bright 
sunshine hours for last 30 years (1976-2005) of different 
stations of Eastern India (Eastern Uttar Pradesh and Bihar 
states), as shown in Table 2, were collected from India 
Meteorological Department, Pune. The area, production 
and productivity data of major crops of the selected 
stations (Table 2) and other weather parameters mentioned 
above were also collected from the Departments of 
revenue, statistical and Directorate of Agriculture of the 
concerned State. Normalized Yield Difference (NYD) 
analysis of future crop yield scenario on the seasonal basis 
was predicted by using HadCM3 model; variability of 
quantum of rainfall has been analyzed using statistical 
model, which has five parameter averages viz.; air 
temperature (°C), relative humidity (%), wind direction 
(degree), total evaporation (mm) and bright sun shine 
duration (hrs). 
 
3. Results and discussion 

 
3.1. Crops and weather 

 
Using NYD analysis for prediction of crop yield on 

seasonal basis, it has been observed that changes in 
maximum temperature may cause the reduction in yield of 
rice in Eastern Uttar Pradesh to the tune of 1.0 to 1.1% per 
hectare by 2020 (Fig. 1). Similarly, minimum temperature 
change may decrease the yield of rice by 1.5 to 1.9% per 
hectare in Eastern Uttar Pradesh (Fig. 2). From future 
scenario of rainfall, it was observed that south-west 
monsoonal rainfall will remain a major factor in 
controlling the rice yields (Fig. 3). The role of maximum 
temperature for wheat production in the state of Bihar is 
more  significant  as  compared  to  Eastern Uttar Pradesh.  

TABLE 1 
 

Expected changes in weather parameters in south Asia by 2010 and 
2070 A.D. due to global warming 

 

Rabi   Kharif Parameter 

2010 2070 2010 2070 

Temperature 
increase (°C) 

0.3 to 0.7 0.1 to 0.3 0.1 to 0.3 0.4 to 2.0

CO2 (ppm) 397 to 416 605 to 755 397 to 416 605 to 755

Rainfall change in 
south west monsoon 
region (%) 

0 -10 to +10 0 0 to +10 

  

 (Source : Watson et al., 1998) 
 
 

TABLE 2 
 

Districts for which data were collected 
 

S. No. Eastern Uttar Pradesh Bihar 

1. Ambedkar Nagar Patna 

2. Azamgarh Samastipur 

3. Barabanki Gaya 

4. Bahraich Buxur 

5. Ballia Bhagalpur 

6. Balrampur Katihar 

7. Basti Madhubani 

8. Chandauli Muzaffarpur 

9. Deoria Rohtas 

10. Faizabad Purnia 

11. Gonda Darbhang 

12. Ghazipur Siwan 

13. Gorakhpur Nalanda 

14. Jaunpur Madhepura 

15. Mau Kishanganj 

16. Maharajganj Sheohar 

17. Mirzapur Vaishali 

18. Sant Kabir Nagar Sitamarhi 

19. Siddharthanagar West Champaran

20. Sonebhadra Begusarai 

21. Sultanpur Gopalganj 

22. Shravasti Bhojpur 

23. Varanasi Bhabhua 
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Fig. 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 
 

Figs. (1-3). Prediction of Normalized Yield difference (NYD) in eastern India of rice crop 

Tmax (Seasonal) Scenario and NYD of rice crop in Bihar Tmax (Seasonal) Scenario and NYD of rice crop in E.U.P. 

Tmin (Seasonal) Scenario and NYD of rice crop in E.U.P. Tmin (Seasonal) Scenario and NYD of rice crop in Bihar 

Rainfall Scenario and NYD of rice crop in E.U.P. Rainfall Scenario and NYD of rice crop in Bihar 
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Fig. 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6 

 
 

Figs. (4-6). Prediction of Normalized Yield difference (NYD) in eastern India of Wheat crop 
 

 
• In the Fig. 1 to Fig. 6, X-axis represents different seasons (A1F, A2a, etc.) and Y-axis, the value in % 
• A1F stands for annual average of the entire year 
• A2a stands for Pre monsoon season of particular year 
• A2b stands for monsoon season  of particular year 
• A2c stands for post monsoon season of particular year 
• B2a stands for winter season of particular year 
• B2b stands for summer season of particular year 

Tmax (Seasonal) Scenario and NYD of wheat crop in E.U.P. Tmax (Seasonal) Scenario and NYD of wheat crop in Bihar 

Tmin (Seasonal) Scenario and NYD of wheat crop in E.U.P. Tmin (Seasonal) Scenario and NYD of wheat crop in Bihar 

Rainfall (Seasonal) Scenario and NYD of wheat crop in E.U.P. Rainfall (Seasonal) Scenario and NYD of wheat crop in Bihar
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Fig. 7 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 
 

 
Figs. (7-9). Future prediction of Tmax./ Tmin. and rainfall for eastern U.P. and Bihar 
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Fig. 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12 
 

Figs. (10-12). Trend scenario of weather in eastern India 
 
 

 
The model predicts that wheat yield may decrease by 5 to 
6% in Bihar state due to changes in maximum temperature 
alone by the end of the year 2080 whereas this decrement 

in Eastern Uttar Pradesh is expected to be between 1.5-
2.0% (Fig. 4). Similar results were also found by 
Aggarwal and Sinha, 1993. Similarly the effect of 
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minimum temperature on estimated yield is more in Bihar 
(2 to 3%) as compared to Eastern Uttar Pradesh (1-2%) 
with respect to average yield (Fig. 5). Future scenario of 
rainfall in rabi season in both eastern U.P. and Bihar will 
not affect significantly yield of wheat crops as compared 
to temperature (Fig. 6.). In general, the rate of increase of 
maximum temperature in Eastern India is computed to be 
higher during the period 2050 to 2080 (2-4° C) as 
compared to the period 2020 to 2050 (1-2° C) (Fig. 10). 
Fig. 11 depicts that Bihar would receive lower rainfall 
compared to eastern U.P. during the decade 2020 while 
the trend is reversed during the period 2050 to 2080. 
Similar projections were obtained for variation in 
minimum temperature too with greater magnitude in both 
Eastern Uttar Pradesh and Bihar ranging between 3-5° C 
in later part of this century as compared to early part           
(2-3° C) (Fig. 12). In Eastern Uttar Pradesh, the months of 
December and January are projected to be hotter as 
compared to November, contrary to the normal trend 
(Figs. 7, 8). Future scenario of rainfall over Eastern Uttar 
Pradesh reveals that rainfall would increase during south 
west monsoon period during 2020 to 2080 but month of 
August may face sharp decline in rainfall in all scenarios 
(Fig. 9). Similarly, August may receive lower temperature 
(both maximum and minimum in all months of the year). 
The two peaks of rainfall during kharif season were 
estimated in Eastern Uttar Pradesh, primarily peak during 
July and secondary peak in September month. A drastic 
decrease of rainfall, i.e., intermittent drought during 
August was also estimated. Also significant reduction in 
terminal drought is expected because of secondary peak of 
rainfall during September. In Bihar, a stronger primary 
peak of rainfall was estimated in June as compared to 
July/August and a secondary peak in October. Trend 
analysis of temperature (maximum/minimum) of Eastern 
India shows an increasing trend in both Eastern Uttar 
Pradesh and Bihar states whereas a slight increase in 
minimum temperature in Bihar over Eastern Uttar Pradesh 
was estimated during 2080 only. Frequency of terminal 
drought in Eastern India is 70% (1970-2003), but the 
recent trend of drought shows the frequency of increasing 
early and intermittent drought occurrence. Terminal 
drought could decrease the yield of rice in Eastern Uttar 
Pradesh with a margin of 44% as compared to early stage 
drought, i.e., 23% (Kumar et al., 2006).  

 
 
3.2.  Climatic, Bio-physical production potential and 

constraints 

 
Rice and wheat are the prominent cereal crops of 

Uttar Pradesh. During 2005-06, the state produced 235.7 
lakh metric tonnes of wheat from an area of 91.85 lakh 
hectare with productivity level of 2.57 tonnes/ha whereas 
the crop coverage of rice during 2006 was 59.25 lakh 

hectare with a total production of 150.6 lakh metric tonnes 
at average productivity level of 2.3 tonnes per hectare. 
(Agricultural Production in Uttar Pradesh, 2005-06). 
There is wide disparity in productivity levels of rice and 
wheat in Eastern India due to following constraints; 
 
(i) Out of total rice cropped area more than 90% is 
rainfed. Due to erratic rainfall and uneven distribution, the 
frequency of floods in Bihar and drought in Eastern Uttar 
Pradesh are considerably increasing affecting the crop 
productivity to a great extent. Rice farming in eastern 
India is therefore most vulnerable and risk prone due to 
complex ecological situations marked by frequent flood 
and drought (Aggarwal and Mall, 2002). 
 
(ii) Abiotic stress is one of the major constraints in 
wheat crop production. High temperature during 
reproductive stage of wheat crop is one parameter 
identified as a production constraint (Fangmeier et al. 
1999). 
 
(iii) There is yield gap between attainable and farm level 
yields across the ecologies in Eastern India which ranged 
from 10 to 60 % in rainfed and flood prone regions. 
 
4. Conclusion 
 

Variability of quantum of monsoon rainfall has made 
a significant impact on agricultural production. Future 
yield prediction scenarios through segregation model of 
Normalized Yield Deviation (NYD) using HadDCM3 
model of Eastern India have been made and found that by 
the end of 2080 the rice yield may increase to the tune of 
25% per hectare when rainfall is considered to be major 
factor. In case of yield of wheat changes in maximum 
temperature is considered to be a major factor in Eastern 
India.  
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