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Abstract | In the recent times agriculture sector has been considered as one of the most affected sectors by
climate change. Climatic factors that have direct influence on agricultural productivity are: rise in temperature,
heavy rainfall, precipitation, floods and drought etc. This paper has empirically examined the effect of climatic
variations on cotton productivity in Pakistan. In order to evaluate the climate change, three climatic variables
(rainfall, max. temp and min temp) and three non-climatic variables (technology, fertilizer and area) had
been used for analysis. Historical climate data from 1981-2015, was collected from Pakistan Meteorological
Department, while data of Technology, fertilizer and cotton area has been gathered from Pakistan Economic
Survey. ARDL bound testing econometric approach was employed to gauge the empirical estimates. The
outcomes of cointegration shows that all climate variables have statistically substantial effect on cotton
productivity in Pakistan. Both rain-fall and maximum temperature have positive effects while minimum
temperature has negative effects on cotton production. Furthermore, both fertilizer and area have positive
impact on cotton production. long run cointegrating relationship holds among climate change variables and
cotton productivity. mitigating negative impressions of climate change requires strategies focusing on the
adaptation of climate resistant cultivars.
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Introduction excess use of traditional fuels (Stern et al., 2006).
Intergovernmental Panel on Climate Change (IPCC)
has predicted that if there are no proper policy

derivatives in place for the reduction in emissions of

limate change is referred as “The change in
climate occurred due to human activities and

natural changes in environment for long term’
(Solomon, 2007). The gases which are responsible
for increasing the temperature of the earth are called
Greenhouse gases (GHGs), which include methane,
carbon dioxide, water vapors and nitrous oxide. These
gases are generated mainly due to anthropogenic
activities (Brown, 1998). Since pre-industrial period,
the concentration of CO, it can be observed that

has increased from 280ppm to 380ppm due to

GHG:s it would increase from 550ppmto 700ppm in
the mid of this century which would accelerate the
temperature of pre-industrial era from 3°C to 6°C
(Stocker et al., 2013). Consequently, there will be
more droughts, floods, shortage of food, unpleasant
weather, newly borne illnesses, and rise in sea level

(Narayan and Tisdell, 2008).

Developed economies are responsible for high
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concentration of CO, through various production
and consumption activities. Their spillovers are being
faced by the developing economies in the form of
frequent floods, droughts, temperature escalations,
erratic rainfall pattern; etc. Developing nations
are more susceptible to these changes due to low
adaptation strategies available (Rosenzweig and Parry,
1994; Schlenker and Roberts, 2008). The countries
situated in tropical areas and having agriculture as a
single main source of income are under great threat
because of these spillovers (Stern et al., 2006).

'The climate change is supposed to affect the different
sectors of economies, but agriculture is one sector
which is highly exposed to weather fluctuations. It
affects agriculture productivity through increase in
temperature, alteration in precipitation patterns,
change in planting time, availability of water and
evapotranspiration (Deshmukh and Lunge, 2012).
Global climate variability impact on agriculture
of China showed positive impacts on cotton yields
(Zhang et al.,, 2010). Climate change has imparted
negative impacts on agriculture which is directly
related to human food and life. Their result shows
that higher temperature and precipitation in summers
increases the crop production. As a whole the
increase in temperature and precipitation decreases
the agriculture production annually (Delworth
et al,, 2012). Threshold level of temperature for
cotton was found 33°C and 29°C for soybeans and
corns respectively (Schlenker and Roberts, 2009).
They further examined that the crop production is
expected to decrease if temperature increases above

the threshold level.

Pakistan is considered as extremely exposed country
to calamities resulting due to climate change. (\World
Bank, 2009). Janjua et al. (2010) analysed the
changing climate effect on wheat crop productivity
of wheat in Pakistan. They have not found significant
influence on productivity of wheat. Agriculture sector
contributes to 20.9 percent to GDP and 43.5 percent
source of livelihood of to rural population (GoP, 2015).
'This sector is now more vulnerable to climatic changes.
Higher absorptions of carbon dioxide can positively
affect crops, increase in temperatures and decreased

precipitation (GoP, 2009).

In the past numerous studies examined the climate
change effects on agricultural productivity. Raza
and Ahmad (2015) showed the outcomes of climate

vulnerabilities on cotton profitability in Pakistan at
regional level. They utilized disintegrated information
ofyield, region, manure, temperature and precipitation
from 1981-2010. They found the positive effect of
physical (zone, compost, P/NPK proportion and
innovation) and climatic factors (temperature and
precipitation) on cotton yield. Siddiqui et al. (2012)
analyzed the impact of climate change on four major
crops (wheat, rice, cotton and sugarcane) in Pakistan.
Balanced panel design had been used from 1980-
2009. Short run negative impact of rise in temperature
on wheat production was evident while there was a
positive effect in long run. Increase in precipitation
poses an adverse impacts in both runs. A rise in
temperature up to a certain level, increases the rice
production. Surprisingly, rise in precipitation does
not damage the rice production. In case of Cotton
production, changes in both climatic variables has
negative impact. Sugarcane productivity is also
negatively affected by increase in temperature. Ahmed
and Schmitz (2011) conducted a study to know in
what ways cultivated outputs are affected by climatic
variations across the four provinces of Pakistan. lower
yield is expected in dry regions, posing a great threat
to food security. Shakoor et al. (2017) found that
escalating average temperatures will decrease maize
outputs while mean min. temperature would increase
maize production till 2021. Gorst et al. (2015)
explored that how outputs would be affected by
climatic change in two provinces (Punjab and Sindh)
of Pakistan. Results showed that wheat and cotton
crops have benefited from climate change. Shakoor et
al. (2011) analysed agriculture output vulnerabilities
of arid zones by using Ricardian approach to check
the relation between Net Farm Revenue (NFR)
and climate change variables. The results of study by
revealed that Net Farm Revenue (NFR) decreased
as a result of NFR. Hanif et al. (2010) checked
the impact of changing climate on agriculture in
Punjab using FGLS panel regression technique.
The result confirmed that climate change affects
the price of the land which is an important variable
for net revenue.

As above mentioned, literature showed that many
studies on climate change have been conducted on
wheat, rice and maize crops of Pakistan, however in
case of cotton production, little is known about the
potential damage of climatic changes. Hence, it is the
need of the time to tackle the problem of potential
harm of environmental change on cotton production
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as Pakistan is the fourth biggest producer and third
most elevate consumer of cotton in the world. The yield
of cotton is extended more than 1200 km on Indus
estuary (Naheed and Rasul, 2010). Cotton is one of
the important crops of Pakistan. It is the third major
crop of Pakistan after wheat and rice. Due to high
increase in temperature, evapotranspiration increases,
which increases water stress and reduces plant growth
and production of cotton crop. Generally, cotton is
sown in Punjab and Sindh areas where it receives high
temperature and low precipitations (Igbal, 2011).
Due to drastic climatic changes, cotton production
is under threat. Cotton production is predicted to
be decline by 20-30% due to climate change (GoP,
2009). The main objective of our current research
investigation is to examine the impact of climatic
variables i.e. rainfall, average minimum and maximum
temperatures and availability of water, on cotton crop
productivity. The study will also explore the impact of
some other factors on cotton production and based
on the empirical finding the study will recommend
some suitable policy framework to manage climate
change impacts if any.

'The current research paper is broken down in different
sections containing theoretical framework, materials
and methods and estimated results and discussion.
Last section contain the conclusion of the paper.

Theoretical framework

There are mainly two approaches which examines
the effect of climate change stresses on agriculture
sector i.e. Production function approach and the
Ricardian approach. The latter empirically analyses
climatic variations directly affecting the agricultural
production and considers the farmer’s response in
adaptions to the local climate. This approach on
one hand estimate the effect of climatic variations
which affect the agricultural output directly and on
the other hand assesses the indirect replacements
of different inputs by introducing diverse activities
and other probable adoption practices to different
climate. Second approach i.e. the production function
approach evaluates the relation of agriculture output
to traditional and modern production variables. The
current study uses the latter approach for the sake
of examining how climate change variables impact
the production of cotton. We have employed both
traditional and modern inputs as determinants of
cotton production. The traditional input used is
land while modern inputs used are fertilizer and

tractors. Besides, these climatic factors like rain and
temperature (both minimum and maximum) are also
included in the production function (Barrios et al.,
2008). The following cotton production function will
be estimated:

1

. 1 Moy Min
cot; = yp + yiraing + yptech, + yytem, ™ + yytemy" + ysfer; + ygarea; +v;

Where;

cot, is cotton production, which is function of rain
(rain), technology (fech), maximum temperature
(tem™* ), minimum temperature (zem™* ), fertilizer
(fer) and area (area) under cotton production. y’s are
the coeflicients of variables to be estimated. Finally,
v, is stochastic error term. All variables are converted
into natural logarithm form so that their coefficient
can be represented in the form of elasticities.

Materials and Methods

The current study has used seven variables for the
analysis which includes cotton production, mean
precipitation, mean max. temperature, mean min.
temperature, technology, fertilizer and area under
cotton crop. three variables are climate variables
while the remaining variables are non-climatic
variables. Cotton production is dependent variable
and is taken in metric tons. Mean rainfall is taken in
millimeter (mm). Mean minimum temperature and
mean maximum temperature are measured in Celsius
scale. Area under cotton production is in thousand
hectares. Fertilizer data is taken in thousand nutrients
tons and technology factor is proxied by numbers of
tractors. The data of climatic variables is collected
from Pakistan Meteorological Department. The data
of cotton production and area under cotton crop
production and technology is collected from Pakistan
Economic Survey. The data for fertilizer is taken from
National Fertilizer Development Center (NFDC).
For empirical analysis data is taken for the period

1982-2015.

'The study has used the ARDL approach of Pesaran et
al. (2001). This method possesses some advantageous
teatures over the traditional cointegration methods.
First, this technique is applicable even if variables are
fractionally integrated. In turn, the variables need to
be made stationary at I (1) while using the traditional
methods of cointegration, such as FMOLS, DOLS,
Engle-Granger (1987) or Johansen method (1988,

1990).Second, it provides short run as well as long run
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cointegration. Third, contrasting other methods of
cointegration, the lag lengths need not be symmetrical
in case of ARDL estimation. Fourth, endogeneity
is less problematic in the ARDL as it is free from
residual correlation i.e. all variables are endogenous.

ARDL involves a least squares regression which
contains lags in terms of both predicted and
independent variables. The notation (p, ¢, .....q), is
used to denote the ARDL, given that p shows number
of lags for predicted variable, ¢, shows number of lags
for the foremost independent variable, while g, shows
number of lags for the kth independent variable.
ARDL constitutes of a linear time series model, which
in general form can be written as follows:

Ve —(z+Z} Ye—i +ZZX7, Biite ..

J=11=0

Where;

The predicted variable is denoted by y, and «, ....,x,
are % explanatory variables. The model may include
fixed regressors, which are independent variables
without lagged terms (¢=0). Dynamic regressors are
those which include one lagged term, to say the least.
a is constant term. 7, and /8, , are coefficients of lagged y,
and x, , respectively. €, is innovation term. To specify

an ARDL model, determination of lag length is pre-

requisite regarding every variable.

ARDL model estimates the association existing
between the independent and predicted variables.
And hence can be modified into long run depiction,
which shows the change in predicted variable caused
by variation in independent variables. Long run
coefficient can be calculated as follows:

'The cointegrating regression form of an ARDL model
is obtained by transforming (1) into differences and
substituting the long-run coefficients from (2):

Table 1: Descriptive statistics.

v )
Bye == ¥ibyeat ). D Moy By —PEC st & (D)

i=1 j=11i=0

EC, = \'t—u—Z}\’”'

j-1

'j: +e& ..(4)

m=i+1
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Pesaran et al. (2001) has developed Bounds test to see
if a long run association exists between the predicted
and explanatory variables in the ARDL model.
The Bounds test procedure converts cointegrating
Equation 3 into the following form:

L e Z‘\;»;:; & (8
=

Pl k 91
B Y tlnat B Y, S

Existence of level relationships can be tested as:

p=10
61:62:"':6k20

The coefficient estimates used in the test may be
obtained from a regression using (1) or can be
estimated directly from a regression using (5).

Under null hypothesis, the test estimates shown by
Equation 5 demonstrate a separate distribution, based
on the regressors being I (0) or all I (1). Distribution is
tound to be non-standard for the given cases. Pesaran
et al. (2001) propose the use of critical values as limits
when regressors are a combination of I (0) and I (1).

Results and Discussion

Descri])tive statistics and unit root testing
Table 1 describes the descriptive statistics of all the
variablesofthestudy.Beforeestimation,wehaveapplied

unit root test i.e. Augmented Dickey Fuller (ADF)

Area Production  Fertilizeruse = Rainfall Maxtemp Mintemp Technology
Mean 2768.2 9804.8 591.6 36.5 36.7 23.5 28718.8
Minimum 2108 2908 172.5 15.1 35.3 22.7 1529
Maximum 3193 14265 1090 80.4 37.7 24.5 71607
St. deviation 300.7 2942.9 303.3 13.6 0.50 0.21 19269.4
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Table 2: Results of ADF and phillips-perron unit root tests.

ADF
Level First difference
Cotton production -2.287 -7.570
Rainfall -5.541
Technology -2.987
Maximum temperature -4.966
Minimum temperature -3.586
Fertilizer -1.486 -6.393
Area -2.513 -8.189

to check the stationarity of variables. In ADF, null
hypothesis is that of the existence of unit root. If
ADF statistics are lower than critical value, the null
hypothesis is accepted. ADF results shown in Table
2 depicts that rain fall, technology, min and max
temperature do not have a unitroot. In turn,unit root s
eliminated after first difference for cotton production,
and fertilizer so, the alternative hypothesis is rejected.
We have additionally checked the stationary properties
of these factors utilizing Phillips-Perron unit root
test. This test shows all factors being in harmony with
the ADF test while unit root for technology variables
is eliminated after differencing. These results depict
all variables having mixed level of integration instead
of same level depending on whether they become
stationary at I(0) or I(1).

ARDL lag selection

To select the appropriate lags for best ARDL model
we have used Akaike Information Criterion (AIC).
'The value of AIC is reported in Figure 1.The lowest
value of AIC is obtained at ARDL (2,2,1,2,2,2,0).
Thus, in our model cotton production which is the
dependent variable will appear with two lags while
the independent variables have different lags.

Table 3: ARDL bounds testing.

F-static Critical Lower Upper Decision
value bound bound
4.703812 1% 3.15 4.43 Co-integration
5% 2.45 3.61
10% 2.12 3.23
ARDL bounds test

Long run co-integration between variables is checked
using the ARDL bound test. Table 3 provides the
estimates of bound test. The F-statistic stands at
4.703 which is larger compared to upper bound value
which is 4.43. Therefore, the alternative hypothesis of

Phillips-Perron

Level First difference
I1(1) -2.226  -10.046 1(1)
1(0) -5.582 1(0)
1000 -2.856  -35.478 1(1)
1000 -4.963 1(0)
1000 -3.575 1(0)
I(1) -2.268  -6.530 1(1)
(1) -2.704  -8.792 1(1)

co-integration is accepted at 1% level of significance.
Thus, results confirmed presence of long run co-
integration.
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Figure 1: Akaike information criterion, top 20 models.

Long and short run estimates

Table 4 shows the results of long run estimation. The
rainfall coefficient is of statistical significance and
directly related to cotton production, which indicates
rain fall increases cotton production in Pakistan.
The coefficient’s value implies that an increase in
average rain fall by one percent will increase cotton
production by 0.369 percent. Good rainfall helps in
proper germination of cotton seedlings and vegetative
growth of cotton crop. Like rain fall technology proxied
number of tractors also have significant positive effect
on cotton production. Economically speaking, if
technology will increase by one percent then increase
in cotton production will be 0.184 percent. It is
expected that an increase in the technology factor
would increase the production of cotton as increase
in no of tractors have made agriculture practices easy
and more effective. It helps in a good and timely
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preparation of crop field ultimately providing a good
condition for crop germinations. Max temperature
was found to be positively and significantly related
to cotton production while min temperature was
found to be negatively related to cotton production.
If maximum temperature increases by one percent
cotton production will increase by 0.588 percent.
As cotton has high tolerance to survive in high
temperature due to its vertical tap root system, it
is mostly cultivated in the high warmest regions.
Mostly it is cultivated in central and southern Punjab
and in Sindh province where high temperatures are
encountered. Raza and Ahmad (2015) and Song et
al. (2010) explained that maximum temperature has
significantly positive impact on cotton productivity.
Reilly (2002) determined that cotton is well adopted
to higher temperature.

In turn, one percent increase in minimum temperature
will decrease cotton production by -0.637 percent. Itis
important to note that the negative effect of minimum
temperature on cotton is greater than the positive
effect of max temperature. Fertilizer is significantly
and positively related to cotton production with
regard to Pakistan. The results for fertilizer indicate
that one percent increase in fertilizer used for cotton
crop may enhance the productivity of cotton by
0.826 percent. Fertilizer enhances the production of
agriculture in two ways. First it increases the growth
of the crop and second it increases the fertility of the
land where the crop is sown. Raza and Ahmad (2015)
reported that fertilizer has significant positive impact
on cotton production in Pakistan. Song et al. (2004)
stated that increased use of fertilizer can in turn
increase cotton production. Area also has positive
impact on cotton production. One percent increase
in area for cotton cultivation will increase cotton
productivity by 0.537 percent. However, this result is
statistically insignificant. High p-value of Breusch-
Pagan-Godfrey test of heteroskedasticity indicates
homoscedasticity for the given model. Similarly, the
absence of autocorrelation in the model is depicted
by the high p-value of Breusch-Godfrey serial
correlation LM test. Short run estimates showed that
error correction term was of statistical significance
and negative (results not reported). In the short
run, fertilizer, rainfall and maximum temperature
showed significant effect on cotton production while
minimum temperature didnt show any significant
negative influence with regard to cotton production.

Table 4: Long run estimates.

Intercept -3.866
(-0.677)
Rainfall 0.369**
(2.086)
Technology 0.184*
(2.122)
Maximum temperature 0.588™*
(3.769)
Minimum temperature -0.637"**
(-4.651)
Fertilizer 0.826™*
(10.092)
Area 0.537
(0.987)
Breusch-Pagan-Godfrey heteroskedasticity test ~ 1.474
[0.234]
Breusch-Godfrey serial correlation LM test 1.102
[0.363]

Note: Values in parentheses are student t-values. Values in brackets
are p-values. ™ (%) indicates that the coefficient is statistically
significant at 1%(5%) level of significance.

12

Figure 2: CUSUM test.
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Figure 3: SUSUMOQ test.

Cumulative sum and cumulative sum of squares
After development of long-run relationships, these
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the model (Brown et al., 1975). The model is steady
if the plot of cumulative sum and cumulative sum of
square stays within the 5% critical bands. Figures 2
and 3 provide the results of CUSUM and CUSUMQ_
test, respectively. It shows that model under study is
stable.

Conclusions and Recommendations

Current research empirically investigates the effects
of rainfall, maximum temperature and minimum
temperature along with technology, fertilizer and area
on cotton productivity in Pakistan. First, stationarity
tests were performed i.e. ADF and Phillips-Perron
unit root tests. It has been found that research
variables have mixed order of integration. Therefore,
to gauge the long run associations amongst variables
we have employed ARDL test. ARDL bounds test
confirmed variables are cointegrating in long run.
Results further showed climatic variables like rainfall
and maximum temperature have placed a significant,
favourable influence on cotton production while
minimum temperature was found to have a negative
effect on cotton production. It is evident from the
results that adverse effect of increase in minimum
temperature exceeds the positive effect that comes
with an increase in maximum temperature. Thus,
cotton crops need to be safeguarded from increase
in minimum temperature. However, increase in
maximum temperature is beneficial for cotton
production. Technology, which is proxied by number
of tractors, has significant positive effect on cotton
production. Further, both fertilizer and area have
positive impacts on cotton production.

Based on the empirical results it is recommended that
those cotton varieties which are more temperature
variations tolerant should be introduced. For this
purpose, government should focus on research and
development. Agriculture extension department
should be responsible to provide on time and on farm
information regarding climate fluctuations. It is also
recommended that government should provide latest
agriculture technology which would increase the crop
yields and will also be cost effective in long run.

Novelty Statement

'The research brings novelty by examining the climate
change impacts on cash crop (cotton) of Pakistan by
employing robust econometric analysis.
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