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Wheat (Triticum aestivum L.) is staple cereal crop. 
India ranks second in terms of area and production 

of wheat after rice. In Punjab, wheat is a major cereal 
crop, grown during rabi season. In 2016-17, the crop 
was grown in an area of 34.95 lakh hectares with 
production and productivity of 176.36 lakh tonnes and 
50.46 quintals per hectare, respectively (Anonymous, 
2018). Aggarwal (2008) studied the impact of rising 
temperature on the wheat crop and found that every 
1˚C rise in temperature caused yield loss of 4-5 
million tons in India even with adaptation strategies 
like carbon fertilization, changes in water availability 
through irrigation, etc. By 2080-2100, reduction of up 
to 40 per cent in the food grain production in India is 
an assumption under increasing temperature (Fischer 
et al., 2002, Parry et al., 2004 and IPCC, 2007). The 
wheat productivity will suffer a negative impact as per 
the predictions by the warming scenarios. IPCC (2014) 
has predicted an increase in global surface temperature 
in the range of 0.4-2.6˚C during 2046-2065 and 0.3-
4.8˚C during 2081-2100 relative to 1986-2005.

Climate change has been realized everywhere all 
over the world in terms of increasing temperature and 
change in precipitation. The negative impact of change 
in temperatures and precipitations on Indian agriculture 
has been reported from the many recent studies (Neog 
et al., 2020). A huge variation in wheat productivity 
is also being observed due to the increased weather 
variability in recent years. Thus, wheat productivity in 
India has been impacted by climate change. Under the 
current climate change scenario, it is indispensable 
to maintain crop productivity at a higher level to meet 
the future food demand of the increasing population of 
India. As wheat is a long day thermo-sensitive plant, 
the rising temperature due to climate change affects the 
production of the crop in India. Both the beginning and 
end of wheat crop season are limited by the onset and 
end of favorable temperature regimes which ultimately 
affect the quality and yield of wheat (Reddy, 2006). Low 
temperature and dew formation during the early phase 
promote tillering, whereas, hot and humid condition 
encourages insects and diseases. On the other hand, 

wheat yield is reduced by 7.5 per cent for every 1.0˚C 
increase in temperature during the grain growth period 
of the crop (Gracila et al., 2009). Efforts have been 
made to relate the weather viabilities with the yield of 
the crop by many workers. 

In the present study, the data on the yearly 
production, area of cultivation, irrigation, and fertilizer 
under wheat yield crop in Bathinda (1981-2017) and 
Faridkot (2001-2017) were collected from the Statistical 
Abstract of Punjab. Long series of weekly data of 
different weather elements (maximum temperature, 
minimum temperature and rainfall) were collected 
from the two research stations of PAU, i.e. Regional 
Research Station, Bathinda, and Regional Research 
Station, Faridkot. The data covers the months during 
which the wheat crops completed their life cycle i.e. 43rd 
to 12th standard meteorological weeks. 

The sensitive period window (43rd -12th SMW) for 
the crops is considered and a basic model (model 1) 
was developed using the weather parameters. G Stat 
was used for correlation studies and the development 
of multiple regression equations between yield and 
weather variables for the sensitive crop periods. 
The average reported crop yield was considered as 
dependent variable, while weather parameters were 
considered as independent variables. The correlation 
and regression techniques were used to correlate 
yield and meteorological parameters for statistical 
and phenological significance. For regression 
analysis, statistically and phenologically significant 
sensitive periods were selected in terms of standard 
meteorological weeks (SMWs).

The basic model was then modified (model 2) 
through the inclusion of an assumed composite 
index while other independent variables were kept 
constant. The advancement in the various agricultural 
technologies like the use of high yielding variety 
seeds, timely operations, better irrigation and drainage 
facilities, large scale use of fertilizers and pesticides, 
etc, have contributed to the yield of earlier years. 
Superimposition of the agricultural technology impact in 
the form of linear time scale dummy variable is done for 
improvement of the yield forecast accuracy. 
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SPSS software was used as a model for wheat 
forecast analysis. Analysis of regression was done 
using SPSS (Statistical Product and Service Solutions) 
software (model 3). Computation of Pearson’s 
correlations was done for weather parameters and 
their combination along with the observed yield of 
crops SPSS software was used to analyze the multiple 
regression between the dependent variable (yield) and 
independent variables (time, sum and sum products 
for different weather parameters) while regression 
formula was used for the formulation of the regression 
equations.

Regression equation for all the three models is 
given by: 

ye = a0 + ∑ aixi +∑ ajxj
Where,

ye = Estimated yield, kg/ha
a0 = Regression constant 
ai = Regression coefficient for meteorological 

predictor variables  
xi =  ith meteorological predicator variable i=1, 2 , 

3, 4 ,5. . .n
aj = Regression coefficient for technological trend 

variables j = 1, 2 , 3, 4 ,5. . .n 
xj = jth technological trend variables
In the testing phase, model performance was 

evaluated with standard statistical indicators. According 
to Willmott (1982) the correlation coefficient and the 
coefficient of determination are of little practical value in 
evaluating the predictive capabilities of models because 
their magnitudes are not consistently related to the 
accuracy of the prediction. More appropriate criteria 
include mean bias error (MBE), root mean square error 
(RMSE), normalized root mean square error (RMSE) 
and mean absolute percentage error (MAPE). These 
measures are defined as follows:

Basic model (model 1)
The weather data (recorded during critical periods) 

correlated with grain yield was used for regression 
analysis. Two multiple linear regression models (model 
1) were developed for determining the effect of climatic 
parameters on wheat yield. The regression equations 
developed for two districts are given below.

For Bathinda district
Y=9329.13-34.46*Tmax(48-50)-205.63*Tmax(2-

3)-66.15*Tmax(6-7)+35.21*Tmin(48)+39.74*Tmin(4)+3
3.00*RF(2-4)+42.86*RF(10-11)

R2 = 0.47 
Most of the climatic parameters in sensitive window 

reflected negative regression coefficient except for 
maximum temperature during 48th-50th weeks and 
minimum temperature during 48th week. Maximum 
temperature was significant at 5 per cent probability 
level and dependent variable (wheat yield) showed 
47 per cent variations as explained by variables in the 
functions (weather parameters) for the Bathinda region.

For Faridkot district:
Y=6390.3-10.44*Tmax(43-50)-13.86*Tmin(2-

3)-92.04*Tmin(6-12)-40.91*RF(43)-2867*RF(45)-
18.74*RF(6-8)

R2 = 0.87
Most of the climatic parameters in sensitive window 

reflected positive regression coefficient for maximum 
temperature during 43rd – 50th week and negative for 
minimum temperature during 2nd – 3rd week and 6th – 
12th week. The maximum temperature was significant 
at 5 per cent probability level. The dependent variable 
(wheat yield) showed 87 per cent variations as explained 
by variables in the functions (weather parameters) for 
the Faridkot region. 

Modified model (model 2)
Regression equations derived using modified 

model for wheat yield analysis for Bathinda region is 
as follows: 

Y=5016.37+12.46*Tmax(48-50)-177.94*Tmax(2-
3)-1.49*Tmax(6-7)-11.01*Tmin(48)+11.73*Tmin(4)+21.
85*RF(2-4)-57.57*RF(10-11)+10.62* Composite Index

R2 = 0.74 
Most of the climatic parameters in sensitive window 

reflected negative regression coefficient except for 
maximum temperature during 48th-50th weeks and 
minimum temperature during 48th week and composite 
index. Maximum temperature was significant at 5 
per cent probability level. Variation in wheat yield for 
Bathinda region was 74 per cent explainable using 
weather variables and CI together.
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Regression equation derived using modified model 
for wheat yield analysis for Faridkot region is as follows:

Y=5973.91-9.24*Tmax(43-50)-19.44*Tmin(2-
3)-88.65*Tmin(6-12)-47.64*RF(43)-3027.7*RF(45)-
20.46*RF(6-8)+3.36*Composie Index 

R2 = 0.88 
Most of the climatic parameters in sensitive window 

reflected positive regression coefficient for maximum 
temperature during 43rd – 50th week and negative for 
minimum temperature during 2nd – 3rd week and 6th – 
12th week. The maximum temperature was significant 
at 5 per cent probability level. Variation in wheat yield 
for Faridkot region was 88 per cent explainable using 
weather variables and Composite Index together. 

Model 3
The impact of climatic parameters (maximum 

temperature, minimum temperature and rainfall) on 
wheat productivity was studied. The following regression 
equations were obtained for Bathinda district of Punjab:

Y=2890.92+69.60*Time+24.21*Z11+36.29*Z21+2.
38*Z131

 R2 = 0.96
Where,
Z11 is the sum product of maximum temperature 
Z21 is the sum product of minimum temperature 
Z131 is sum product of maximum temperature and 

rainfall
The sum product is the relation between correlation 

values and sum of all Standard Meteorological weeks 
(43rd–12th week) pertaining sensitive window for 
the crop. The above equation clearly explained the 
relationship between time, maximum temperature and 
minimum temperature and its combination with rainfall 
which played an important role in determining the wheat 
yield for Bathinda region. The R2 value indicated that the 
96 per cent variation of wheat yield in Bathinda region 
was explained by the weather variables.

The following regression equation is obtained for 
analysis in Faridkot district of Punjab:

Y= 5887.03+33.57*Z21
R2=0.68
Where,
Z21 is sum product of minimum temperature.
The above equation clearly explained the 

relationship between time and its combination with 
maximum temperature and minimum temperature 
which played an important role in determining the wheat 
yield at Faridkot region. The R2 value indicated that the 
variation of wheat yield at Faridkot region was 68 per 
cent explainable by the weather variables.

Validations of the models 
The forecasted yields of wheat grown at Bathinda 

and Faridkot were validated against the actual yield and 
the error percentages were estimated for three years 
(2017-2020) (Fig. 1). For Bathinda, in the model 3, 
the lowest (- 0.7 per cent) and the highest (-14.2 per 
cent) error percentage were recorded during 2017-18 
and 2019-20, respectively. In the case of basic model 
(model 1), error percent ranged from -5.1  (2019-20) 
to -40.3 percent during the year 2017-18. When the 
modified model was used to forecast the crop yield, 
the lowest error percent of -23.2 was recorded during 
2019-20, while the highest error percent of -24.7 was 
recorded during 2017-18.  Among three models, the 
model 3(SPSS software) was the best fit with the R2 
value of 96 per cent.

Fig. 1. Validation of statistical models in wheat at Bathinda 
(2017-2020) 

For wheat grown in Faridkot district, the results 
depicted (Fig. 2) that the modified model (model 2) was 
the best fit with R2 value of 88 per cent. The error per 
cent was calculated and found at par for all the three 
models. For both the models i.e. basic model (model 
1) and modified model (model 2), the lowest error 
percentage (-5.7 per cent) during the year 2018-19 was 
recorded. While the highest (-7.7 per cent & -7.5 per 
cent) was found for model 1 & model 2, respectively 
during the year 2017-18. Error per cent recorded by 
using SPSS software was -6.2 per cent during the year 
2017-18, which went up to -8.0 per cent during the year 
2019-20.

Fig. 2. Validation of statistical models in wheat at Faridkot 
(2017-2020) 

Forecast of wheat yield can be made by using three 
models, viz., basic model, modified model and SPSS 
software with the error per cent below 30 per cent in 
all these models.  For wheat grown in Bathinda, SPSS 
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software was the best fit as R2 value was 96 per cent, 
while for the wheat grown in Faridkot, the modified 
model (model 2) was the best fit (88 per cent).

Statistical analysis of different wheat cultivars 
from 2017-18 to 2019-2020

	 Statistical analysis of validation period (2017-
18 to 2019-2020) of wheat was calculated and is 
presented as Table 1. The results were statistically 
analysed using per cent error, mean bias error (MBE), 
root mean square error (RMSE), normalized root mean 
square error (NRMSE),  mean absolute percentage 
error (MAPE), standard deviation (SD) of actual yield 
and observed yield and R2 (coefficient of determination) 
as given in Sandhu et al. (2018). The average per 
cent deviation ranged from -7.2 % (model 3) to -34.0 
% (model 1) for Bathinda region. Whereas, it ranged 
between -7.1 (model 2) per cent to -7.5 per cent 
(model 1) for Faridkot region. This shows a very good 
agreement between the predicted and actual yield. 
The value of NRMSE ranged between 6.71 to 28.36 % 
and Jamieson et al. (1991) proposed that if the NRMSE 
is less than 10 per cent, the prediction is considered 
excellent. Based on this theory, model 3 was showing 
excellent result for both the stations. The MBE showed 
underestimation by ranging from -343 to -1292 kg ha-1 
in wheat yield prediction. 
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