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I 
 

INTRODUCTION 
 
Though change in climate over a long period of time is a natural phenomenon, 

human activities in the last few decades have hastened the process of climate change. 
Several studies including the International Panel on Climate Change (IPCC) have 
observed increasing trends in the global surface temperature and sea levels; many of 
these studies have also found significant changes in precipitation trend across 
regions, countries, continents and globe (IPCC, 2007).1 Indian Metrological 
Department (IMD) also observed increase in temperature and changes in the pattern 
of rainfall across space and time in India (Government of India 2010).2 The above 
changes in climatic factors directly affect physiology, phrenology and morphology of 
plants. The changes in climatic factors indirectly affect the soil fertility, irrigation 
availability and also natural calamities like floods and droughts. The climate change 
in short affects plant, plant environment and society at large.  
 Several studies report that agriculture and human well-being will be negatively 
affected by the climate change (Nelson et al., 2009). Studies to assess the impact of 
climate change on agriculture in the Indian context can broadly be classified into two 
groups; first, the experiment-based simulation studies conducted mostly by 
agricultural scientists, and second the actual field-based studies undertaken mostly by 
the social scientists. The studies based on controlled agricultural experiments in a 
laboratory-like settings, reflect the optimal outcomes with only minimal adaptation to 
change. The results from such studies often differ from the realised outcomes at the 
farm level. Some of the important experiment based simulation studies are 
Saseendran et al., 2000; Mall and Agrawal, 2002; Pathak et al., 2003; Aggarwal et 
al., 2006; Aggarwal, 2008; Kalra et al., 2008; Srivastava et al., 2010; and Boomiraj  
et al., 2010. Most of the recent studies have found adverse effect of climate change 
on crop yield.  
 The effect of climate change on agriculture using field level data were studied by 
Kumar et al., 1998; Kumar et al., 2001; Sanghi et. al., 1998; Kumar and Kavi, 2009. 
Most of these studies are based on the Ricardian approach (Mendelsohn et al., 1994) 
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that estimates the functional relationship between land values and climatic variables 
along with other control variables. The land values in the Indian context have been 
replaced by farm level net revenue. In most of the above recent studies Kumar (2009) 
envisaged that an increase in temperature by two degrees and change in precipitation 
by around 7 per cent would result in decline in farm-level net revenue by 9 per cent.3 
Though such results are very useful in generalising the impact of climate change on 
agriculture; it is too naïve to presume that certain changes in climatic factors will 
affect all crops uniformly throughout their physiological life. The present study 
argues that changes in climatic factors (temperature, rainfall) will affect yield of 
different crops in different ways; such effects for a crop will also vary across regions 
and stages of a crop.   
 The present study assess the impact of changes in climatic factors like 
temperature and rainfall on productivity of wheat in two different regions of the 
country (Haryana and Bihar) using actual field level data as available from the 
secondary sources. In crops, wheat has been chosen purposively since wheat has 
played important role in achieving food security of country. Much of the growth in 
production of wheat was contributed by the productivity of wheat; but productivity of 
wheat in the recent period has decelerated (Appendix Table 1). The deceleration in 
productivity of wheat is often difficult to explain since the inputs used in wheat 
continue to increase (Government of India, 2007). The above deceleration in 
productivity of wheat is often explained with technological stagnation; the same is 
however not plausible since similar old varieties exist for some other crops as well.  
 In this backdrop the present paper attempts to explain as to what extent 
deceleration in wheat productivity can be explained with the climatic factors. 
Amongst different wheat growing states4, Haryana and Bihar have been chosen 
specifically. These states present different historical stages in the adoption of 
biochemical technology of wheat; these states also present different situations on the 
basis of climatic factors like mean annual temperature. The analysis of data from 
these states would therefore bring different kind of perspective for the present 
analysis. Our textual knowledge about agronomy of wheat suggests that wheat is 
sensitive to climatic factors especially temperature and the crop-stage particularly 
sensitive to high temperature is the grain filling and maturity period (February-
March) in wheat.  
 On the basis of the above, the study first assesses the extent of changes in the 
climatic factors like temperature, rainfall; subsequently the effect of certain climatic 
factor like temperature on productivity of wheat is studied. The present paper is 
organised in four sections; the next section on methodology discusses the data and 
analytical techniques used in this study. Section III presents the estimated results and 
discusses the findings of the study. Finally, Section IV concludes the study and 
suggests some steps for adaptation of climate change.     
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II 
 

METHODOLOGY   
 
The present paper studies the changes in climate with variables like temperature 

(maximum and minimum) and rainfall for the season relevant for wheat. It is 
November to April in India; this period is frequently referred in the paper as winter or 
rabi season. The regions chosen for analysis of climatic factors are the North Western 
and the North Eastern region as defined in the Data Archive of the Indian Institute of 
Tropical Meteorology (IITM), Pune. In the above archive temperature data are 
available from 1901 to 2003 and rainfall data are available from 1871 to 2008. Data 
from the above archive have been analysed; the regions chosen from the above 
archive include the state of Haryana and Bihar. The reference periods for analysis of 
temperature and rainfall related data are 1901-2003 and 1871–2008 respectively.   
 In order to discern the trend in climatic variables: maximum-, minimum- 
temperature and rainfall the Mann-Kendall (MK) test using statistical software 
SYSTAT version 12 was used. The Mann-Kendall test is a non-parametric test for 
identifying trend in time series data. The test compares the relative magnitudes of 
sample data rather than the data values themselves (Gilbert, 1987). The above test is 
extremely useful for climatic factor as this does not require data to conform to 
particular distribution. The MK statistics (S) is calculated using the following 
formula:  
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and k, respectively, where j>k. A very high positive value of S is an indicator of an 
increasing trend, and a very low negative value indicates a decreasing trend. To 
compute the probability associated with S and the sample size, n, to statistically 
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that could be used for date sets with more than 10 values, provided there are not 
many tied values within the date set. The normalised test statistics Z is as under, 

         0ifS
)S(VAR

1S
>

−  

Z =   0               if S = 0                ….(3) 

        0ifS
SVAR

1S
<

+

)(
 



INDIAN JOURNAL OF AGRICULTURAL ECONOMICS 356

VAR(S) is determined as: 
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where, q is the number of tied groups and tp is the number of data values in the p-th 
group.  
 The Z1−α/2 is the critical value of Z from the standard normal table, for 95 per cent 
level of confidence the value of Z1−α/2 is 1.96. If |Z|>Z1−α/2, null hypothesis is rejected 
and a significant trend exists in the time series. A positive value of Z indicates an 
upward trend while a negative value of Z indicates a downward trend in the variable. 
 The study further assesses the effect of changes in climatic factors on the 
productivity of wheat in Haryana and Bihar. While assessing the effect of climatic 
factors on yield the study hypothesises that the increase in the maximum temperature 
reduces the yield of wheat in the above states; this relationship between temperature 
and productivity is particularly strong during flowering and grain filling stage of 
wheat spread between February and March. In order to test the above hypotheses, 
crop yield is regressed on deviation in surface temperature and time-trend for the 
period between 1980 and 2003. After using different variants of regression models 
the study finally uses quadratic regression model. The positive deviation in maximum 
temperature is obtained from the long term average (1961-1990); this period is often 
referred as ‘base line’ by the IPCC. Information on yield has been obtained from 
Agriculture Statistics at a Glance published from Directorate of Economics and 
Statistics, Ministry of Agriculture, Government of India, New Delhi and Fertiliser 
Statistics published from Fertiliser Association of India, New Delhi. 
 

III 
 

RESULTS AND DISCUSSION 
 
The discussion of results is presented in two parts. The first part illustrates the 

pattern of climatic variables like temperature and rainfall during the winter season 
(November-April). The study begins with the presentation of deviation in actual 
value of climatic variables from their long term average (1961-90). The analysis of 
temperature: maximum and minimum during the reference period shows that the 
actual values of surface temperature after mid-1990s are above the long term average. 
It reflects rise of surface temperature in both the regions, Haryana and Bihar. 
Information for recent years (after 2003) could have been helpful in bringing a robust 
trend in temperature since significant aberration in climatic factors is evident only 
after mid-1990s.  

The deviation of rainfall does not suggest any significant upward or downward 
trend of winter rainfall in either Haryana or Bihar. The paper further studies pattern 
of rain fall with the extent of deviation of rainfall from the long period average 
rainfall (1961-90); this deviation is categorised into four groups: normal, excess, 
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deficient, and scanty.5 Frequency distribution of deviation in rainfall for each of the 
decade is presented in Table 1. The Table is self-explanatory; it is difficult to discern 
significant changes in the pattern of rainfall that can be attributed to the climate 
change related factors. It may however be noted that the rainfall data in the present 
analysis is available till the year 2008 only.  

 
TABLE 1. FREQUENCY OF DIFFERENT RAINFALL EVENTS ACROSS  

DECADES IN HARYANA AND BIHAR 
 

 
 
Period  
(1) 

Haryana 
 

Bihar 

Normal 
(2) 

Excess 
(3) 

Deficiency 
(4) 

Scanty 
(5) 

Normal 
(6) 

Excess 
(7) 

Deficiency 
(8) 

Scanty 
(9) 

1870 6 1 1 0 7 0 1 0 
1880 8 1 1 0 7 2 1 0 
1890 4 2 4 0 7 2 1 0 
1900 4 0 6 0 8 1 1 0 
1910 8 1 1 0     10 0 0 0 
1920 6 0 4 0     10 0 0 0 
1930 5 2 3 0     10 0 0 0 
1940 6 1 3 0 9 1 0 0 
1950 8 0 2 0     10 0 0 0 
1960 9 1 0 0 8 0 2 0 
1970 6 3 1 0     10 0 0 0 
1980 9 0 1 0 7 3 0 0 
1990 6 3 1 0 7 2 1 0 
2000 8 0 1 0 7 1 1 0 

 
 Trend and direction of trend in temperature and rainfall during winter season is 
further estimated by the non-parametric MK test; results of the test are summarily 
presented in Table 2. The results are computed separately for winter season 
(November-April) and different months of the winter season in the North Western 
(Haryana) and North Eastern (Bihar) part of country. The results in Table 2 show an 
increasing trend of maximum temperature in both the states (Haryana and Bihar); the 
month-wise trends in the maximum temperature supports the overall trend in both 
these states; trend for the month of March in Haryana is an exception when the 
upward trend in the maximum temperature is insignificant.  
 The minimum temperature shows different trends in the above states; an 
insignificant downward trend in minimum temperature is observed in Haryana while 
Bihar shows a significant upward trend in the minimum temperature. In Bihar the 
increasing trend in minimum temperature is significant in three out of the six months; 
these months are November, December and February. Most of the month-wise trends 
in Haryana for the minimum temperature are insignificant; interestingly in four out of 
six months the minimum temperature is showing an increasing trend. A decreasing 
trend in minimum temperature though insignificant is observed in Haryana for 
extreme cold months like December and January. The lowering of minimum 
temperature  in  cold  months is also  observed  in Bihar.  Incidentally,  the  maximum  
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TABLE 2. TEMPERATURE AND RAINFALL TRENDS IN BIHAR AND  
HARYANA DURING WINTER SEASON 

 
Variables  
(1) 

State 
  (2) 

Months 
(3) 

Statistics 
(4) 

ASE 
(5) 

Z 
(6) 

p-value 
(7) 

Conclusion 
(8) 

Maximum 
temperature  

Haryana  Winter 1325 345.822 3.829 0.000 Significant upward trend 
NOV 995 350.495 2.836 0.002 Significant upward trend 
DEC 1,172 350.543 3.341 0.000 Significant upward trend 
JAN 562 350.616 1.600 0.055 Significant upward trend 
FEB 619 350.711 1.762 0.039 Significant upward trend 
MAR 335 350.777 0.952 0.171 Insignificant upward trend 
APR 562 350.697 1.600 0.055 Significant upward trend 

Bihar  Winter 3,272 345.842 9.458 0.000 Significant upward trend 
NOV 2,758 350.505 7.866 0.000 Significant upward trend 
DEC 2,409 350.498 6.870 0.000 Significant upward trend 
JAN 694 350.421 1.978 0.024 Significant upward trend 
FEB 1,468 350.584 4.184 0.000 Significant upward trend 
MAR 576 350.650 1.640 0.051 Significant upward trend 
APR 939 350.548 2.676 0.004 Significant upward trend 

Minimum 
Temperature  

Haryana Winter -509 345.828 -1.469 0.929 Insignificant downward trend  
NOV 390 350.569 1.110 0.134 Insignificant upward trend 
DEC -138 350.377 -0.391 0.652 Insignificant downward trend 
JAN -741 350.653 -2.110 0.983 Insignificant downward trend 
FEB 54 350.557 0.151 0.440 Insignificant upward trend 
MAR 83 350.577 0.234 0.408 Insignificant upward trend 
APR -38 350.628 -0.106 0.542 Insignificant downward trend 

Bihar Winter 669 345.825 1.932 0.027 Significant upward trend  
NOV 1,242 350.541 3.540 0.000 Significant upward trend 
DEC 1,499 350.325 4.276 0.000 Significant upward trend 
JAN -126 350.422 -0.357 0.639 Insignificant downward trend 
FEB 870 349.961 2.483 0.007 Significant upward trend 
MAR 341 350.393 0.970 0.166 Insignificant upward trend 
APR 23 350.514 0.063 0.475 Insignificant upward trend 

Rainfall  Haryana Winter 1,218 537.396 2.265 0.012 Significant upward trend 
NOV 1,261 510.828 2.467 0.007 Significant upward trend 
DEC -413 539.710 -0.763 0.777 Insignificant downward trend 
JAN -276 543.218 -0.506 0.694 Insignificant downward trend 
FEB 521 543.200 0.957 0.169 Insignificant upward trend 
MAR 644 543.078 1.184 0.118 Insignificant upward trend 
APR 1,141 542.834 2.100 0.018 Significant upward trend 

Bihar Winter -208 531.545 -0.389 0.652 Insignificant downward trend 
NOV 635 509.346 1.245 0.107 Insignificant upward trend 
DEC 703 521.202 1.347 0.089 Significant upward trend 
JAN -33 542.907 -0.059 0.524 Insignificant downward trend 
FEB 16 543.135 0.028 0.489 Insignificant upward trend 
MAR 241 542.962 0.442 0.329 Insignificant upward trend 
APR 789 543.237 1.451 0.073 Significant upward trend 

Note: In OCT = October, NOV = November, DEC = December, JAN = January, FEB = February, MAR = 
March, APR = April.      
 
temperature for relatively warmer months like April is showing a significant upward 
trend in both the states. A decreasing trend of minimum temperature in relatively 
colder months and an increasing trend of maximum temperature in the warmer 
months indicate towards the increasing variation of temperatures in the selected 
regions of the country.    



ISN’T CLIMATE CHANGE AFFECTING WHEAT PRODUCTIVITY IN INDIA? 
 

359

In winter rainfall, a significant upward trend is observed in Haryana; month-wise 
trend in rainfall is however mixed; in two out of six months, rainfall trends are 
actually downward. Interestingly, these months December and January have 
traditionally been the months of winter monsoon. In Bihar also decreasing trend in 
rainfall is observed in one of the above months: January. Bihar observes an 
insignificant downward trend of rainfall in winter season. A significant upward trend 
in rainfall is also observed in April in both the states; though rainfall in April is often 
not considered good for wheat as this is the harvesting season of the crop. An upward 
trend in rainfall is observed in November in Haryana and in December in Bihar. The 
above analysis of winter rainfall data suggests a downward trend of rainfall during 
the peak winter season (December and January) and an upward trend of rainfall in 
months either preceding or following the peak winter season. The above trend 
indicates shift in the rainfall pattern. Though most of the month-wise trend for 
minimum temperature and rainfall are insignificant; a glance at these trends presents 
an interesting pattern; an upward trend in minimum temperature is also associated 
with the upward trend in rainfall. Rain thus appears to have been increasing the 
minimum temperature in the winter season.  
  Wheat, unlike many other crops, is sensitive to climatic factors. This requires a 
longer period of low temperature (November-March) for physiological growth and 
moderately high temperature at the time of ripening of grain (April). In the life cycle 
of wheat, the two most important stages that require water are crown root initiation 
(20-22 day after sowing, generally in December) and the stage of flowering and grain 
filling (February-March). Inspite of the sensitivity of wheat to water, the effect of rain 
on the yield function of wheat is not significant since bulk of wheat is cultivated on 
the assured irrigated area. The correlation coefficients between climatic factors 
(temperature, rainfall) and yield of wheat in Appendix Table 2 present similar results. 
This table indicates that deviation in the maximum and minimum temperatures is 
significantly associated with the yields of wheat in both Haryana and Bihar during the 
period 1980-2003. The above relationship during the period 1990-2003 was 
significant only in Haryana. Rainfall deviations are significantly correlated with 
wheat yield during the recent period (1995-2003) only. In fact a large proportion of 
assured irrigated area under wheat is through ground water and continuous decline of 
ground water table is constraining the availability of water for irrigation in certain 
wheat growing regions of the country. In such regions (Haryana) rainfall is 
increasingly associated with the yield of wheat; as it is during the period 1995-2003 
(Appendix Table 2).  
 The above result suggests that amongst all climatic factors maximum temperature 
is the most important to affect yield of wheat in the country. Previous studies also 
suggest that winter crops are more sensitive to temperature (Boomiraj et al., 2010, 
Tripathy et al., 2008).  The effect of the increase of maximum temperature on the 
yield of wheat is studied in detail. The study in particular hypothesise that increase of 
temperature during flowering and grain filling stage (February to March) reduces 
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yield of wheat in the chosen regions of the country. In order to test the above 
hypotheses, wheat yield is regressed on positive deviation in maximum temperature 
and also square of deviation in temperature separately for two periods, 1980-2003 
and 1990-2003. The quadratic form of equation is finally chosen after several 
iterations with linear and log forms of equations. Besides temperature, the other 
explanatory variable considered in the present regression is time trend. In the above 
relational analysis yield is regressed first on deviations in the maximum temperature 
during the entire winter season (November to April) referred as ‘winter temperature 
(TW)’. Subsequently yield is also regressed on deviation in maximum temperature 
during flowering and grain filling stage (February to March), abbreviated as ‘Tw’. 
The estimated equation with adjusted-R2, F-statistics and estimated coefficients with 
t-statistics are presented in Table 3.    
 

TABLE 3. ESTIMATES OF REGRESSING WHEAT YIELD ON POSITIVE DEVIATION OF  
MAXIMUM TEMPERATURE IN HARYANA AND BIHAR 

 

Variables 
(1) 

Haryana Bihar 
Winter season 

(November-April) 
Flowering stage 

(February –March) 
Winter season 

(November-April) 
Flowering stage 

(February – March) 
1980-
2003 
(2) 

1990- 
2003 
(3) 

1980-
2003 
(4) 

1990-
2003 
(5) 

1980-
2003 
(6) 

1990-
2003 
(7) 

1980-
2003 
(8) 

1990-
2003 
(9) 

CONST 
 

2276.28* 
(28.19) 

3410.81* 
(44.99) 

2392.44*  
(24.30) 

3474.75*
(64.81) 

1360.57* 
   (23.77) 

1860.66* 
   (20.73) 

1437.63* 
   (17.20) 

1979.40* 
    (17.83) 

TEMP 
 

  60.00  
(1.55) 

 58.03 
  (1.52) 

-9.38  
(-0.59) 

 -4.78 
(0.48) 

 152.04 
 (1.53) 

  186.81 
  (1.36) 

   -10.41 
     (-0.84) 

   -16.31 
     (-0.99) 

TEMP2 

 
-8.96**  

 (-2.08) 
   -5.62* 
(-1.67) 

0.55  
(0.76) 

  0.32 
(0.81) 

 -44.35** 
 (-3.42) 

-44.38** 
 (-2.83) 

      0.48 
(0.98) 

      0.72 
       (1.20) 

TREND 
 

88.16* 
(12.71) 

 45.99* 
(3.61) 

79.94* 
(13.00) 

32.06* 
(3.93) 

36.66* 
(7.79) 

12.84 
  (0.87) 

32.79* 
      (5.96) 

       9.02 
(0.69) 

Adj-R2    0.92 0.79    0.90   0.86 0.79    0.32       0.63          00 
F-stat  90.31*    0.0002 72.60* 26.49 29.37*    0.08     14.15       0.59 

Note:  CONST = Constant, TEMP = Temperature, TEMP2 = Square of Temperature; *, ** and *** refer to 
levels of significance at 1, 5 and 10 per cent respectively.         
  

The significance of trend coefficients in all equations (Table 3) suggests the 
importance of time in explaining the yield of wheat in Haryana and Bihar. The results 
in both the states are similar in many ways. Though the effect of positive deviation of 
winter temperature (November-April) on the yield of wheat is positive, the estimate is 
not significant. The square term of deviation in temperature is negative and also 
significant. The above result suggests that increase in temperature from the long run 
average (1961-90) initially affects the yield of wheat positively, subsequent increase 
in winter temperature affects yield of wheat adversely. In the above relational 
analysis, robustness of equation and strength of coefficients has reduced with the 
reduction of period of analysis from 1980-2003 to 1990-2003.  It is obvious, 
considering the lesser degree of freedom in the analysis of latter period. The above 
results to some extent are in line with the simulation based studies (Aggarwal et al., 
2006, Kalra et al., 2008). 
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 The above relational analysis with a shorter winter period Tw (February-March) 
presents significantly different results. The estimated coefficient for temperature is 
negative though it is weak; but square of temperature (Tw) is positive. Some of the 
weaknesses of the estimated Tw is also on account of too much of fluctuations in the 
maximum temperature in the month of March. The estimated coefficients suggest that 
increase in the maximum temperature (Tw) from the long run average temperature of 
the concerned months has negative effect on the yield of wheat in Haryana and Bihar. 
The result thus supports the basic premise of the present study that increase of winter 
temperature in general has negative effect on the yield of wheat in the country. The 
adverse effect of increase of temperature on the yield of wheat is more conspicuous 
during the stage of flowering and grain filling (February – March).  
 The above results would have been more robust if temperature data were 
available for the period beyond 2003. Many of the climatic factors related variables 
have started behaving differently since the nineties; some of the preliminary 
regression analysis for the period 1995-2003 also indicated stronger impact of 
climatic aberration on the yield of wheat in Haryana; the relationship was however 
not strong because of low degree of freedom. Another important limitation of data on 
temperature and rainfall as available to an ordinary researcher is level of aggregation 
of data; for example dearth of information on diurnal temperature. In the IMD archive 
information on maximum and minimum temperature is available for a month; in 
actual few days extreme temperature in a month can damage plant irreparably; such 
extreme temperatures for few days are often not reflected in the monthly average 
data.       
 

IV 
 

CONCLUSIONS 
 
The study using non parametric MK-test ascertains trend of temperature and 

rainfall during winter seasons. Both temperatures: minimum and maximum during 
the winter season (November-April) have risen consistently in the chosen states. The 
month-wise trend in temperature suggests that the minimum temperature in the 
selected cold months (December and January) has decreased significantly. A 
comparison of the maximum and minimum temperatures during the winter season 
suggests increased disparity in temperatures. The trend of winter rainfall is different 
in the chosen states; it is increasing in Haryana but decreasing in Bihar. The month-
wise trend of rainfall indicates towards the changing pattern of rainfall during the 
winter season. The study found significant correlation of wheat yield with 
temperatures and more recently with the winter rainfall. The yield of wheat in 
Haryana and Bihar is regressed on the positive deviation in maximum temperature, 
square of positive deviation in temperature and also on time trend. Two variants of 
temperatures were identified for regression; the first variant considers temperature 
during the entire winter season (November-April) while the second variant considers 
temperature during February-March only.  
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 The estimated quadratic equations present interesting results; the increase of 
average temperature during winter season is initially affecting yield of wheat 
positively subsequent increase in temperature has however negative effect on the 
yield of wheat. The increase of temperature during the month of February-March has 
negative effect on the yield of wheat in Haryana and Bihar. These findings suggest 
the effect of climate change, especially of increase in temperature during the months 
of February-March on the yield of wheat in the country. Some of the effects of 
climate change would have been more significant with the availability of data on 
temperature for the recent years (after 2003). Following the above changes in the 
climatic factors and the effect of climate change on wheat certain ameliorative 
measures are desired. Though farmers are adopting certain agricultural practices, 
replacement of late sown wheat with other crops by the bulk of Haryana farmers is an 
example. The other agents of agriculture growth also need to recognize the problem 
and this should be reflected in their actions. The scientists for instance need to 
develop suitable varieties that are more tolerant to extreme temperatures. The seeds 
of late- or early-sown varieties should be available in the market. The risk 
management options that address some of the climate change related concerns also 
needs to be devised in the country.   
 

NOTES 
 

1. The IPCC suggests increase of precipitation trend in the Eastern parts of North and South America, 
Northern Europe and Northern and Central Asia; while a significant decreasing precipitation trend in the Sahel, 
the Mediterranean, Southern Africa and parts of Southern Asia. 

2. According to IMD, between 1901 and 2005 annual mean temperature (AMT) for the country as a 
whole has risen by 0.51oC; the AMT has been consistently above normal since 1993, normal is based on period 
1961-1990.   

3. This decline is estimated to be 3 per cent once we account for spatial effects using the spatial-error 
model. 

4. The major wheat producing states are Uttar Pradesh, Punjab, Haryana, Madhya Pradesh, Rajasthan and 
Bihar, these states together account for 87 per cent of the net sown area and 92 per cent of wheat production in 
the country. 

5. The Long Period Average Rainfall is the benchmark for assessing deviation in rainfall; if actual rainfall 
in a year exceeds 20 or more than 20 per cent of the benchmark, rainfall in that particular year is referred as 
Excess. Similarly if actual rainfall exceeds or recedes by 19 percent of the benchmark level, it is referred as 
‘Normal’. Rainfall in particular year will be ‘deficient’ if actual rainfall is 20 to 59 per cent lower than the 
benchmark level, further reduction of actual rainfall from the benchmark level is termed ‘Scanty’. (Source: 
Directorate of Economics and Statistics, Department of Agriculture and Cooperation, Ministry of Agriculture, 
Government of India, New Delhi). 
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APPENDICES 
 

APPENDIX TABLE 1  
 

OBSERVED TREND IN YIELD OF WHEAT IN MAJOR PRODUCING STATES OF INDIA 
 

Variables  
(1) 

Uttar Pradesh 
(2) 

Punjab 
(3) 

Haryana 
(4) 

Rajasthan 
(5) 

Madhya Pradesh 
(6) 

Bihar 
(7) 

India 
(8) 

Constant   1561.52 
(24.45) 

2605.01 
   (22.88) 

 2100.6 
  (22.72) 

1493.06 
    (12.59) 

826.52 
  (11.70) 

1164.04 
 (11.97) 

1528.56 
 (29.61) 

X 71.13 
 (7.25) 

  130.38 
      (7.45) 

142.46 
  (10.03) 

    69.61 
     (3.82) 

   70.77 
    (6.52) 

 89.29 
 (5.97) 

82.88 
(10.45) 

X2 -0.95 
     (-3.00) 

  -2.4 
    (-4.24) 

   -2.47 
  (-5.39 

    -0.71 
     (-1.21) 

   -1.43 
   (-4.06) 

 -2.29 
(-4.76) 

-1.38 
(-5.38) 

R2   0.93     0.89     0.94       0.82      0.83   0.68   0.95 

Adj-R2   0.92     0.88     0.94       0.81      0.82    0.65  0.94 

F-stat     165.63 104.41 212.17  60.8    65.21 27.14 248.31 
Note: Figures in parentheses are t-statistics.    

 
APPENDIX TABLE 2  

 
CORRELATION COEFFICIENTS BETWEEN DEVIATION IN CLIMATIC  

PARAMETERS AND WHEAT YIELD 
 

 
Deviation in parameters  
(1) 

Haryana Bihar 
1980-2003 

(2) 
1990-2003 

(3) 
1995-2003 

(4) 
1980-2003 

(5) 
1990-2003 

(6) 
1995-2003 

(7) 
Maximum Temp 0.61*      0.74*     0.76*     0.37*** 0.17 -0.39 
Minimum Temp 0.54*    0.59**     0.48      0.38*** 0.09 -0.56 
Rainfall      0.20      0.05 -0.68* 0.05      0.59**        0.50 

Note: *, ** and *** indicate significance at 1, 5 and 10 per cent level, respectively.      


