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ABSTRACT

Climate change influences crop yield vis-a-vis crop production to a greater extent in Bihar. Climate 
change and its impacts are well recognizing today and it will affect both physical and biological system. 
Therefore, this study has been planned to assess the effect of climate variables on yield of major crops, 
adaptation measures undertaken in Samastipur district of Bihar. Secondary data on yield of maize and 
wheat crops were collected for the period from 1999-2019 to describe the effects of climate variable 
namely rainfall, maximum and minimum temperature on yield of maize and wheat. Analysis of time 
series data on climate variables indicated that annual rainfall was positively related to yields while 
maximum and minimum temperature had a negative but significant impact on maize and wheat yields. 
It actually revealed that other factors, such as; type of soil, soil fertility and method of farming may also 
be responsible for crop yield. Trend in cost as well as income of farmers indicated that income and cost 
of cultivation has no significant relationship with climate variable. On the basis of above observation it 
may be concluded that level of income of farmers changed due to change in the other factors rather than 
change in climatic variable over the period under study as cost of cultivation increases with increased 
in the price of input over the period but not due to change in climatic variable.

Highlights

 m Effect of climatic variables like maximum temperature and minimum temperature has negative but 
signification effect on yield of major crops in Bihar.

 m Whereas level of income of farmers and cost of cultivation changed to change in other factors rather 
than climatic variables.
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Agriculture is one of the most important sources 
of income of farmers in India. Almost more than 
70% of the populations are directly or indirectly 
dependent on agriculture and its allied activities. 
The climate change causes many ill-effects on 
the farming. The magnitude of expected changes 
in temperature, rainfall and CO2 in future was 
simulated by various General Circulation Models by 

the IPCC (Watson et al. 1998). First of all, it increases 
the cost of inputs such as fertilizers, insecticides, 
plant growth regulators as the frequency of their 
usage increases in order to cope with the ill effects 
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of climate change. So, keeping in the view the study 
has been planned to analyze the effect of climate 
factors on yield of major crops in Samastipur district 
of Bihar. This will help to increase understanding 
and knowledge to obtain optimum yield under 
prevailing climate conditions. Despite of the fact of 
having supportive soil, climatic variables affects on 
production of wheat and maize. It is well known 
that agriculture and climate are inter-dependent. 
So, it may be noted that slight change in climate 
variables can bring major impact, primarily on the 
crop yield and lately to the income of the farmers 
(Kumari et al. 2018). 
This change in weather up to long period of time, 
bring out the concept of climate change. Therefore, 
in order to decrease the impact of climate change, 
the intervention used by the farmers increases the 
initial cost i.e. expenditure over inputs increases. 
It has been estimated that farmers experienced 
changes in the cold season was (59.4%), followed by 
hot season (56.5%) however for the rainy season it 
was observed maximum changes i.e. about 80.5%. 
It was also reported by the farmers that the period 
of rainy season has now became shorter than that 
of what it used to be few years ago (Johnsen and 
Aune 2011). 
It may be observed that these impacts influences on 
net income of farm, land revenue which has been 
estimated using cross-sectional data of climatic 
variables. Whereas while estimating the effects of 
changes in temperature or precipitation on cost 
and farm net revenues, it is possible to use climate 
scenarios to infer the impact of climate change on 
the productivity of identified crops along with their 
land revenue. (Joshi et al. 2009), identified three 
dimensions of vulnerability to climate change. The 
physical-environmental dimension\accounts for 
the harm caused by climate”. It means climatic 
conditions in a region and its impacts of climate 
change, effects on agricultural productivity or the 
distribution of disease vectors. The other dimension 
is socioeconomic dimension, it refers to “adaptive 
capacity or capacity against extreme events and 
adapt to change over the period and the third 
dimension, i.e. external assistance means, degree 
to which a region may be assisted in its attempts 
to adapt to change through its allied activities and 
business partners, in other regions, and international 
arrangements to provide aid”.

In Samastipur district around 60% of the rural 
people depend on agriculture for their livelihood, 
despite of the fact of availability of plenty of 
resources and suitable soil for growth of wheat 
and maize, the output obtained was very less. 
It was observed that in the year 2018-19 that the 
production of maize (Rabi maize) in Samastipur 
district was 1, 67,806 MT with productivity 5346 
kg/ha. This comprises very less contribution to state 
production. The production of maize in Bihar in the 
year 2018-19 was 20, 98,443 MT with 7432 kg/ha 
however for wheat production, in the year 2018-19, 
was 64, 65,905 MT with 2998 kg/ha of productivity 
(krishi.bih.nic.in/Statistics/Maize-2018-19.pdf), 
whereas the share of district was again very low. 
The production of wheat in the year 2018-19 in 
Samastipur was 2, 00,725 MT with productivity of 
3597 kg/hectare (krishi.bih.nic.in/statistics/wheat 
2018-19.pdf). This may be due to one of the most 
crucial factor i.e., climate change. It is well known 
that agriculture and climate are interrelated. So, it 
can bring major impact primarily on the crop yield 
and ultimately to the income of the farmers. This 
change in weather up to long period of time, bring 
out the concept of climate change.

MATERIALS AND METHODS
The study was carried out in North Bihar state 
during the years 2018-19 and 2019-20. Secondary 
data pertaining to various climatic indicators like 
monthly rainfall, maximum temperature and 
minimum temperature were collected and compiled 
from different sources, viz., Directorate of Economics 
and statistics, Govt. of Bihar and Dr. RPCAU 
Department of Meteorology Pusa, Samastipur for 
the period from 1998-99 to 2018- 2019. Beside this, 
the agricultural data i.e. yield of maize and wheat, 
and MSP of maize and wheat were collected from 
Directorate of Economics and Statistics, India, for 
the mentioned period. To assessed the impacts of 
climate change on crop yield time series data of 
selected crops were quantified by using the lagged 
values based on the current values of each variable 
Only calculated changes (∆) in model variables 
(dependent and explanatory variables) have been 
used in regression model to find out the impacts of, 
rainfall, minimum and maximum temperatures on 
yield of crops through use of production function 
mentioned below:
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∆ Yield = m + rγ ∆ Climate + ε et al.
Here,
∆ Yield is the observed trend in yield, m is the 
average yield change due to management and 
other non-climatic factors, ∆ Climate is the observed 
trend in temperature and rainfall, rγ is the yield 
response to this trend, and ε is the residual error. 
Detrending of the yields and climate variables using 
the residuals to calculate quantitative relationships 
between variation in climate and yield that can 
remove non-climatic influences such as adoption 
of new cultivars and change in crop management 
practices (Lobell & Field, 2007; Nicholls, 1997; Lobell 
et al. 2005). Detrending can be done by using the 
first- difference time-series for yields and climate 
variables i.e., the difference in values from one year 
to the next.

FINDINGS AND DISCUSSION
To assess the impacts of climate change on crop 
yield using time series data, there was a need 
to quantify first the lagged values based on the 
current values of each variable (see methodological 
part for more details). Only calculated changes (∆) 
in model variables (dependent and explanatory 
variables) have been used in regression model to 
find out the impacts of, rainfall, minimum and 
maximum temperatures on yield of crops of interest. 
Furthermore, dummy variables such as floods 
and droughts were included to see if historical 
occurrence of these events has had impacts on crop 
yield.

Table 1: Correlation between climatic factors and 
yield of Maize crop in Samastipur district of Bihar 

(1999-2019)

Particulars Yield maize 
(q/ha)

Average 
Rainfall

Max 
Tem

Min 
Tem

Yield maize (q/ha) 1

Average Rainfall 0.707 1.000

Max Tem -0.103 -0.124 1.000

Min Tem -0.023 0.010 0.353 1.00

Source: Calculated from published secondary data.

The findings of study revealed that annual rainfall 
has a positive and significant relation between, 
maize yield and shown contrary to the expected 
value that increase in rainfall can result in increase 

or decrease in crop yield. It implies that increase in 
rainfall has positive association shown an increased 
in yield of maze by 70 percent and vice versa. 
Whereas Maximum and minimum temperature 
had negative association between yield of maize 
and climatic factors in Samastipur district of Bihar 
as indicated in the table 5 that rise in maximum 
temperature leads to decrease in yield of maize 
by 10 percent and due to change in minimum 
temperature by two percent respectively. These 
results are related to the a priori expectations that 
an increase in temperature results in crop yield 
decrease. Regression analysis also indicated that 
the (R-Square values .050) 50 % variation in maize 
yield, are explained by the climatic variables and 
their respective extreme events. Whereas the t-value 
in the table indicated that temperature has negative 
and significant relationship (-.03) (-.15) respectively 
with the yield however with the rainfall it has 
positive relationship with yield (3.965). Climatic 
vulnerability was assumed to be positively related to 
the indicators such as variances in annual rainfall 
as well as minimum and maximum temperature 
variances, indicated that any increase or decrease 
of these climatic variables would increase the extent 
of losses of yield of selected crop in the districts to 
climate change. Glantz and Wigley (1986) studied 
the worldwide climate change and showed that any 
change in climatic variables like temperature and 
precipitation could induce vulnerability of food 
production in a major way.

Trend in maize yield and climatic factors 
(minimum temperature maximum temperature 
and rainfall)

The same time series data were used to depict 
the trend in minimum temperature, maximum 
temperature, rainfall and maize yield since 1998 
to 2019. It has been clearly indicated that yield of 
maize increased slightly in the period of. 2007, 2010 
and in-between *2017 to 2018 there was dramatic 
changes and reached to the highest and then 
decreased thereafter in the mentioned period under 
study (Fig. 1). Same trend has been observed for the 
rainfall as over the period of study as it reached 
up to maximum in the year 2017-18. It may further 
revealed that the minimum rainfall was observed 
during the period 2000-01, 05, & 2008-09 and 
maximum was observed during 2017-2018 shown 
in the Fig. 1.
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Regression analysis indicated that 76 percent of 
variation in maize yield was explained by the climatic 
variables and their respective extreme events. The 
t-value in the table 2 indicated that temperature 
has negative and significant relationship (-0.055) 
(-0.260) respectively with the yield however with 
the rainfall it has positive relationship with yield 
(5.810). P-value for the rainfall is less than t -value 
however for Max and Min temperature t-value was 

less than p-value implies that change in temperature 
had adverse affect on yield of wheat than the rainfall 
and has negative and significant relation between 
the yields over the period under study.
Same trend has been observed for the wheat crop 
as indicated in the table that annual rainfall has 
a positive and significant effect on, wheat yield 
shown contrary to the expected value that increase 
in rainfall could result in increase or decrease in 

Table 2: Regression Analysis (Maize yield and climatic variable 1999-2019)

Regression Statistics

Multiple R 0.71

R Square 0.50

Adjusted R Square 0.41

Standard Error 9.44

Observations 20

ANOVA

df SS MS F Significance F

Regression 3 1431.65358 477.2179 5.35696 0.009549

Residual 16 1425.339216 89.0837

Total 19 2856.992796

Coefficients Standard 
Error t Stat P-value Lower 95% Upper 

95% Lower 95.0% Upper 95.0%

Intercept 32.101 46.659 0.688 0.501 -66.8113 131.0132 -66.8113 131.0132

Average Rainfall 5.810 1.465 3.965 0.001 2.704021 8.916586 2.704021 8.916586

Max Tem -0.055 1.813 -0.031 0.976 -3.89927 3.788362 -3.89927 3.788362

Min Tem -0.260 1.729 -0.150 0.883 -3.92492 3.405921 -3.92492 3.405921
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crop yield. It implies that increase in rainfall caused 
an increased in yield of wheat by 29 percent and 
vice versa. Whereas maximum and minimum 
temperature was negatively correlatedd with yield 
of wheat in Samastipur district of Bihar as indicated 
in the table 5 that rise in maximum temperature 
leads to decrease in yield of wheat by 18 percent 
and due to change in minimum temperature by 
34 percent respectively. It clearly indicated that 
change in minimum and maximum temperature 
has a negative and significant effect on wheat yield. 
For instance, a 1oC maximum temperature increase 
decreases yields of 18 percent and 34 percent 
respectively over the period under study. It may 
be concluded that change in minimum temperature 
adversely affected on yield of wheat in study area.
Regression analysis indicated that only 46 percent of 
variation in wheat yield was explained by the climatic 
variables and their respective extreme events. The 
t-value in the table 2 indicated that temperature 
has negative and significant relationship (-0.101) 
(.-1.447) respectively with the yield however with 
the rainfall it has positive relationship with yield 
(1.319). P-value for the rainfall is more than t -value 

however for Max and Min temperature t-value was 
less than p-value implies that change in temperature 
had adverse affect on yield of wheat than the 
rainfall and has negative and significant relation 
between the yields over the period under study. 
It may be concluded that, the negative correlation 
between maximum and minimum temperature on 
yield of both the selected crops could be due to the 
use of different varieties such as drought tolerant 
that require minimum rain fall, medium and short 
duration cultivars that could mature in short period. 
Erratic nature of the rain and lack of distribution 
of rainfall within the phonology of the crops 
growth could also be a factor because sometimes 
rains came at harvest period or even after harvest. 
Rainfall is not significant in explaining the effect 
of climate in maize crops production. The result 
is not compatible with that of Ayinde et al. were 
rainfall was significant in explaining the effect of 
climate in crop yield. However it was significant 
for wheat production. Yamoah et al. observed 
that effect of average temperature on yields has a 
negative effect on crop yields. Both maximum and 
minimum temperatures were negatively correlated 
with crops yield.

Table 3: Correlation between climatic factors and yield of Wheat crop in Samastipur district of Bihar (1999-2019)

Yield(q/ha) Average Rainfall Max Tem Min Tem
Yield(q/ha) 1
Average Rainfall 0.295 1.000
Max Tem -0.182 -0.124 1.000

Min Tem -0.349 0.010 0.353 1

Table 4: Regression Analysis (Wheat yield and climatic variable 1999-2019)

Regression Statistics
Multiple R 0.46
R Square 0.21
Adjusted R Square 0.06
Standard Error 7.33
Observations 20
ANOVA

df SS MS F
Regression 3 231.09 77.03 1.43
Residual 16 860.44 53.78
Total 19 1091.53

Coefficients Standard Error t Stat P-value
Intercept 56.345 36.252 1.554 0.140
Average Rainfall 1.502 1.138 1.319 0.206
Max Tem -0.142 1.409 -0.101 0.921
Min Tem -1.944 1.343 -1.447 0.167
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From Fig. 2 it has been observed that during the 
year 1999-2000 the minimum support price of 
maize was ` 400/ quintal and yield during the same 
was 20-22 quintal per hectare and reached up to 
maximum during the period 2017-18. However, 
prices as well cost during the same has been 
observed the same trend as it has been increases 
over the period under study. It may be concluded 
that climate variable has no relationship with cost 
of cultivation and minimum support price of maize 
but has significantly related with the yield of crop.
Statistical analysis of table 4 also indicated that mean 
value of yield varied from 13.65 quintal to 66 quintal 
per hectare i.e. recorded maximum yield during 
2017 as it reached up to 66.48 quintal per hectare 
over the period under study. Whereas the cost of 
cultivation was ranged from ` 7082.48 to ` 26144.89 
and MSP was from ` 415 to ` 1700. As far data 
pertaining to changed in Max and Min temperature 
was concerned it was recorded approximately 
changed in five degree and seven degree Celsius 
respectively over the period. However variation in 
rainfall was observed maximum as value of C.V was 
238.17 percent. The co-efficient of variation of cost A 
and MSP was 45.98 and 46.02 percent respectively. 
However minimum variation had been observed for 
the maximum temperature (4.74 percent). It clearly 
indicated that income of farmers changed due to 
change in the other factors rather than change in 
climatic variable over the period under study as 
cost of cultivation increases with increased in the 

price of input over the period not due to change 
climatic variable.

Trend in wheat yield and climatic factors (1999-
2019) in Samastipur District of Bihar

The same time series data were used to depict trend 
in minimum temperature, maximum temperature, 
rainfall and wheat yield since 1998 to 2019. Trend 
analysis indicated that yield.
Of wheat had significant relation with climatic 
variable as change in temperature during 2006-07 
leads to increase in wheat yield by approximately 
10 quintal per hectare i.e. from 20 quintal in 2001-
02 to 30 quintal during 2006-07 and was reached 
maximum during the 2011-12 (35 -38 q/ha) where 
there was minimum changes in climatic factors had 
been observed thereafter reaching the maximum 
rainfall in peak during 2017 -18 the yield of wheat 
shown declined by 5 quintal. It means rainfall 
has also adverse affects on the yield of wheat 
crop. However change in minimum temperature 
has significant relation with yield as shown in 
increasing trend during the year of 2006-07 the yield 
was also shown an increasing trend over he period 
under study in Samastipur district of Bihar.

Trend of wheat yield, Cost A and MSP from 
1999-2019)

It has been observed that during the year 1999-2000 
the minimum support price of Wheat was ` 600/ 
quintal and yield during the same was 16 quintal 
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per hectare and reached up to maximum during 
the period 2011-12. However, prices as well cost 
during the same has been observed the same trend 
as it has been increases over the period under study. 
It may be concluded that climate variable has no 
relationship with cost of cultivation and minimum 
support price of wheat crop but has significantly 
related with the yield of crop.
However, the associated variable cost /ha also 
indicated that it increased from ` 8000-35000/ ha 
over the period and peaked up during the 2019 
whereas yield of wheat reached at peak during 
the year of 2011-12 where the estimated cost was 
approximately ` 12000/ha. It may be concluded that 
rise in cost A was due to change in the price of input 
not due the increased or decreased in yield of wheat.

CONCLUSIONS AND POLICY 
IMPLICATION
On the basis of above observation it may be 
concluded that only maximum and minimum 
temperature is statistically significant in explaining 
changes in yield of maize and wheat crop. This 
implies that increase in maximum and minimum 
temperature will result to decrease in crop yield. 
Rainfall has also positive effect on wheat yield. This 
could be as a result of the use of drought tolerant 
cultivars, early and extra-early cultivars which could 
reduce the impact on rainfall on crop production. 
The regression analysis further revealed that maize, 
and wheat have coefficient of determination of 0.50, 
and 0.26, respectively. This indicates that 50, and 26 
% of the variation in yield of maize respectively and 
wheat can be, explained by the climatic parameters 
over the period in study area. It implies that 50, 
and 74 percent of the variation in maize, and 
wheat yield might be, explained by other factors 

not included in the study. It actually revealed that 
other factors, such as; type of soil, soil fertility and 
method of farming may also be responsible for 
crop yield rather than cost of cultivation and MSP 
of respective crops.
The livelihoods of farmers need to have a broad base 
and should not be restricted solely to the income 
out of farming activities. There is an urgent need 
for sensitization of the rural communities about the 
various schemes of the government for which the 
extension services need to have more interaction 
with rural masses. There should be a mechanism 
of direct subsidies to farmers, who are practicing 
environmental friendly practices. Compulsory 
insurance scheme should be provided to the farmers 
by cooperative societies at the time of seasonal 
loan which is not actually benefitting them. Under 
climate change scenarios, the total rainfall may not 
vary much but its distribution might be grossly 
affected. Therefore basic infrastructure needs to be 
improved for making agriculture sustainable i.e 
better road connectivity for better market access as 
well as village level water harvesting structures may 
be another important intervention at local level is 
need of hours.
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