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ABSTRACT ARTICLE HISTORY
Climate change threatens and significantly affects agricultural activities through various Received 3 January 2024
mechanisms. One crucial factor is the temperature, which, when exceeding a specific Revised 27 July 2024
threshold, adversely impacts harvests due to the accelerated pace of plant development. Accepted 10 July 2025
The primary objective of this study is to evaluate the impact of agricultural land, fertiliser KEYWORD

inputs per unit of agricultural land, rainfall and temperature on cereal yields in Pakistan Crops production; climate
using annual data series. Utilizing the Quantile Autoregressive Distributed Lag (QARDL) change; agricultural land;
methodology, we explore the interconnections among these variables in both the short environmental sustainability;
and long-run. The study’s findings show that agricultural land dedicated to crop cultiva- fertiliser consumption
tion across various quantiles has a positive impact on cereal yields in both the short and

long term. The usage of fertiliser inputs per unit of agricultural land improves cereal

yields in the short and long run. However, the effectiveness of this method decreases as

the quantiles increase. Furthermore, it has been shown that, over the time, a decrease in

cereal yields is connected with low to moderate levels of rainfall, while the influence of

rainfall at higher quantiles is insignificant. The effect of temperature on cereal yields in

Pakistan varies depending on the temperature level and prevailing circumstances. The

study’s results suggest a variety of strategies to increase crop yields, including increasing

agricultural production, enhancing land utilization and improving farmer access to

funding.

1. Introduction

The burning of fossil fuels causes a rise in atmospheric CO, emissions and other greenhouse gases, which
contributes to climate change. Environmental degradation and climate change in Pakistan are stifling
economic growth, worsening the difficulties that poor people confront in achieving their fundamental
necessities and obstructing long-term progress. Climate change is mostly caused by manmade causes
such as population expansion, unregulated urbanization and reliance on natural resources (GOP, 2022).
The success of a country’s agricultural sector has a significant influence on its overall economic prosperity.
Agricultural techniques are extensively employed in many parts of the globe, allowing farmers to increase
agricultural production by using locally available resources (Rehman et al., 2015). The agricultural industry
makes significant contributions to the economic success of established economies, as well as to the growth
of emerging economies. However, the majority of crops are sensitive to the climatic conditions of their
particular regions (Gornall et al., 2010). Climate change has recently gained significant attention as an
emerging threat that, when combined with other proven stressors, would have an impact on agricultural
productivity in terms of size, scope, geographical and temporal repercussions. This involves tolerating
changes in mean temperature or typical precipitation levels. The analysis concludes that in the absence of
effective steps to reduce long-term climate change and climatic unpredictability, diversified and location-
specific consequences will become more prevalent. Certain characteristics have problems, while others offer
benefits. Sometimes the repercussions of particular acts may not appear immediately, allowing producers
and policymakers time to make required preparations. The variance in willingness and resources among
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economies will produce a wide range of outcomes (Arunrat et al.,, 2021; Kurukulasuriya & Rosenthal, 2013;
Tang, 2019).

Climate change has major implications for agriculture productivity. The farming sector is critical to every
country’s long-term development and wealth, and it is currently under severe threat from global climate
change. Climate change’s most evident consequences on agricultural output include weather changes,
changing precipitation patterns, storms and hunger. Technological developments in developing economies
are expected to mitigate the effects of climate change on crop production. Researchers observed that
changes in climate patterns and rising temperatures had a major influence on agricultural production.
Climate change has a significant impact on developing countries, while being a global concern. These
economies are very vulnerable to and underprepared to deal with the consequences of climate change (Ali
et al., 2017; Arunrat, Sereenonchai, Chaowiwat, & Wang, 2022; Chandio et al., 2020; Zhao et al., 2017). The
uncontrolled release of greenhouse gases such as fluorinated compounds, carbon dioxide, methane and
nitrous oxide causes substantial changes in weather patterns and temperatures, as well as negative
consequences on water and land resources, resulting in floods and droughts. Although climate change is
a global concern, developing economies are more sensitive to its effects since they have fewer resources and
are less equipped to cope with it. The majority of enterprises in developing nations are based on agriculture,
which makes them especially sensitive to environmental changes. Climate change is affecting agricultural
production in a variety of ways, including rainfall and weather variations, storms, droughts and other
negative impacts on water and soil resources (Abbas et al., 2022; Bandara & Cai, 2014; Mendelsohn, 2014).

Increasing global warming is associated with increasingly frequent severe weather occurrences, which are
considered as a worldwide abnormality with potentially disastrous consequences. People who live in
agricultural regions in emerging economies are more likely to feel the effects of climate change. Many
people in South Asian countries depend on the agricultural industry, which is constructed on farmland,
rendering them particularly sensitive to the effects of global warming. The ramifications for their cultures,
economies and ecosystems are catastrophic (Ahmed & Schmitz, 2011; Calzadilla et al., 2014). Global warming,
on the other hand, is one of the most pressing challenges this century. It is characterized as a significant
change in the long-term average value of a meteorological element, such as precipitation or temperature.
Human activities have altered the global ecosystem, resulting in considerable temperature changes over the
last several decades (IPCC, 2007). The production, distribution and consumption of food by humans are
significant contributors to global warming and other significant environmental changes at both global and
regional levels. Changes in the carbon and nitrogen cycles, biodiversity, ground cover and sediments are
some instances of these natural fluctuations. While some locations may benefit from climate change, there is
growing concern that global and climatic trends may provide challenges for rising economies in achieving
food security. The reason for this is the generally predicted adverse effects on agricultural yield, especially in
tropical and temperate regions (Fischer et al., 2001).

Climate change is exacerbating the challenges faced by farmers in meeting the growing food demands of
an increasing global population. There is evidence suggesting that agricultural production may decrease in
the next decades due to climate change, even if the specific impacts of future climate projections remain
uncertain. Temperature, moisture and greenhouse gas emissions are the primary climatic elements that
significantly affect insect populations, soil quality, water availability and several other aspects of life in
a detrimental manner. Climate change in regions with food scarcity is jeopardizing agricultural productivity,
especially in Asian nations. Future weather projections predict significant temperature increases, heightened
unpredictability in the intensity of rainfall and changes in the general climatic pattern. This investigation
examines the impact of agricultural land, fertiliser inputs per unit of agricultural land, rainfall and tempera-
ture on Pakistan’s cereal yields within an integrated framework. This is done due to the difficulties that have
arisen in Pakistan’s agricultural production as a result of climate change, as well as the established tactics to
adapt to these problems. Multiple researches have analysed the crossings by using time series and panel
data. However, the authors have not seen any prior studies that have used the QARDL model to precisely
ascertain the short- and long-term linkages for Pakistan. Therefore, within the context of Pakistan, this
research has the capability to provide essential policy interventions that may be used to develop
a comprehensive strategy for attaining sustainable agricultural production in Pakistan. These connections
are situated within the context of Pakistan. Figure 1 is illustrating the crops production and annual
carbonization scenario in Pakistan during the period of 1980 through 2020.
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Figure 1. Crops production and annual CO, emission scenario in Pakistan (1980-2020).

The paper is structured as specified: in the section 2, a comprehensive literature review is presented on
the topic of the interaction between the climatic change and agricultural production. The data collection and
the methodology are presented in section 3. The empirical findings and discussion are presented in Section
4, and the concluding remarks are brought to a close in the Section 5, which also contains the policy
suggestions.

2. Comprehensive literature review

One of the most important aspects of the global warming is the impact of climate change on agriculture. This
is because agriculture is a particularly vulnerable sector of the economy, especially in emerging and
transitional economies.

Climate variations, both in terms of geographical location and timing, have a substantial influence on
agricultural productivity. The efficiency of all crops is directly correlated with the success of species, which is
in turn dependent on climatic conditions. The agricultural output may be positively or negatively impacted
by changes in production circumstances resulting from fluctuating weather conditions. Agriculture is
essential for human life since it supplies sustenance, livestock feed, textiles and fuel. However, the manage-
ment of farms also has an influence on other essential ecological processes, like the availability of land and
the conservation of clean water (Foley et al., 2011; Lobell et al., 2008). The escalating temperature, alterations
in the environment, elevated sea levels and heightened pollution of land and water pose significant
obstacles in effectively addressing the mounting demands resulting from the growing need for food and
water. To address these challenges, we need to focus on strengthening resilience, enhancing adaptability
and building strong food systems that can gradually reduce the effects of climate change through the
implementation of new technologies, systems and policies (Anwar et al., 2013; Godfray et al., 2010; Howden
et al,, 2007). If adequate actions are not implemented to tackle the difficulties posed by increasing
temperatures and the frequency of severe weather occurrences, it is expected that the benefits gained
from improvements in management and technology would be reduced due to declines in agricultural and
livestock productivity. This remains applicable even if those issues are resolved. Furthermore, global warm-
ing poses a threat to the productivity of agricultural systems worldwide, and it is expected that climate
change will affect many natural processes (Lobell & Gourdji, 2012).

Although increasing productivity is often mentioned as a means to meet investors’ need for continuous
growth, current evidence suggests that humans have not yet reached the levels of productivity required to
fulfil this objective. The complexity of this problem has been exacerbated by the significant decrease in both
the fecundity and accessibility of land appropriate for cultivating such commodities. This tendency is
expected to continue due to the current agricultural plan. Addressing the effects of climate change on
agricultural output is essential for ensuring food security, according to experts (Ray et al., 2013; Tripathi et al.,
2016). The global food supply is highly reliant on a small number of events. These crops are cultivated with
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the aim of optimizing yield despite limited variations in climate. Moreover, contemporary food security is
achieved by the use of significant chemical manufacture. Large agricultural fields are well known for their
significant need on synthetic fertilisers and pesticides in order to maintain consistent yields from one season
to the subsequent. In the long term, it will result in worldwide transformation. The broad use of modern
agricultural technology is necessary in most industrialized countries to provide food security for a growing
population and to maintain financial stability in the farming industry. While the negative impact of
technology-based grain production systems on the environment has been recognized for many years, the
harmful effect of agriculture on the ecosystem has only recently gained significant attention (Kashyap et al.,
2017; Kukal & Irmak, 2018; Pareek et al., 2020).

Human activities are responsible for climate change and the resulting unpredictability. The persistence of
droughts and storms poses an on-going threat to the existence of the global population, which heavily
depends on the land for their fundamental needs. Droughts, floods, heat waves, forest fires and earthquakes
are examples of extreme events that may adversely affect the global economy. While earthquakes, tsunamis
and volcanic eruptions are not classified as meteorological occurrences, they may nonetheless have an
impact on the composition of the atmosphere. Consequently, it is anticipated that there would be a rise in
weather-related disasters (Bhattacharya, 2019). Agriculture crops and animals in both wild and farm settings
must adapt to changing conditions faster than they were originally intended to adapt. Weather and moisture
fluctuations cause communities to migrate, invade and possibly go extinct. Meanwhile, natural calamities
such as droughts and storms are lowering agricultural productivity throughout the globe, resulting in
declining food supplies. All climate predictions anticipate a decline in global agricultural production.
Lower areas will bear the brunt of climate change’s impact on agricultural production (IPCC, 2018;
Karavolias et al., 2021; Nunez et al.,, 2019). Natural ecological resilience and responsive actions taken by
farmers and other partners will both help to mitigate the overall impact of climate change on human well-
being. Agricultural production is heavily reliant on climatic conditions, making it especially sensitive to the
effects of global warming (Chen et al., 2016; Fisher et al., 2012).

Global markets, agricultural input and output values, and agricultural policies influencing producer
behaviours via enabling tools and legislation are critical to agricultural production development
(Mittenzwei et al., 2017). Agriculture and the environment are inextricably linked, with several related factors
influencing each other. The agricultural business contributes considerably to the emission of greenhouse
gases, which have a warming effect on the Earth’s climate. The increasing amounts of greenhouse gases in
the atmosphere, along with rising temperatures and changes in precipitation patterns, have a considerable
impact on the quantity and quality of agricultural productivity. These elements have an impact on the
natural environment in which agriculture takes place (Agovino et al.,, 2019). Climate change will affect the
main economic sector in a variety of ways, including changes in agriculture production patterns, land usage,
migration and employment. The consequent transfer of human affluence will have real-world implications
for the economy. As part of this process, the costs and related duties of preventative and adaptation efforts,
as well as investments, will be shared across socioeconomic groups (Dietz & Atkinson, 2010). Climate change
projections are critical for analysing the impact of global warming on the environment, industry and
communities, as well as providing post-adaptation policy options. Agriculture is inextricably related to the
survival of human civilization and its continuing expansion as a source of livelihood. Climate change has both
positive and negative consequences on people at different levels and dimensions (Naab & Koranteng, 2012).

The implications of global transformation are substantial. Climate irregularities are becoming prevalent,
with alterations in weather and transportation patterns, a rise in temperature and an elevation in CO, levels.
The current state of agricultural production practices and their anticipated future in both established and
developing countries have several implications for achieving desired outcomes. The impact of climate
change on agricultural productivity is a significant cause for worry among industry experts and policymakers.
The urgency of this challenge is growing due to the impact of global warming on agricultural productivity
and the generation of essential resources (Zaied, 2013). The phenomenon of global warming is not a new
development. The warming of the earth’s surface and atmosphere is causing many consequences such as sea
level rise due to melting glaciers, hurricanes, stronger winds, hailstorms, pollution, earthquakes and floods.
These indicators together demonstrate the undeniable reality and occurrence of climate change. This
phenomenon may arise spontaneously, although it is often intensified by human activities. The anticipated
consequences of climate change have already increased in various countries as a result of human activity,
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including population expansion, fast urbanization, intensified industrialization, usage of advanced techno-
logical innovation, economic development, transportation, construction and deforestation. As a result, these
economies are already experiencing the effects of climate change (Ahmad et al., 2011; Kumar & Gautam,
2014). Climate change has intricate and diverse effects on agricultural productivity, which are influenced by
characteristics including size, severity and the presence or absence of natural farming limitations in
a particular region. The impact of temperature on phenology and other temperature-dependent metabolic
processes, such as maintenance, which affect the accumulation of net biomass, are two instances of the well-
recognized and substantial impacts of climate change variables and extreme weather events on crops.
Increasing atmospheric CO, levels may enhance photosynthetic activity and water usage efficiency in plants.
However, the extent of these responses is expected to vary significantly depending on the specific cultivars
and environments (Eitzinger et al., 2013; Fuhrer, 2003).

Climate change poses a threat to agricultural productivity. The enhanced accuracy in forecasting future
climate impacts on crucial global agricultural production has significant implications for developing cultivars
and local resilience methods to ensure the future food supply for the world’s growing population. The
diminished effectiveness is a direct consequence of the increasing temperature, and it is expected to have
significant and adverse repercussions for crop yield. In this work, we have examined the effects of agricultural
land, fertiliser inputs per unit of agricultural land, rainfall and temperature on cereal yields in Pakistan by
employing the QARDL approach. As a consequence, the proposed hypotheses of this investigation are
enumerated as: H1: Climate change is positively impacted the yields production; H2: Agricultural land used
for the crops productivity significantly increases the cereal yields; and H3: Fertiliser inputs per unit of
agricultural land affect the cereal yields positively.

3. Methods and data
3.1. Data sources

The primary objective of this study was to assess the impact of agricultural land, fertiliser inputs per unit of
agricultural land, rainfall and temperature on cereal yields in Pakistan. Data on dependent and independent
variables is obtained from two primary sources, namely WDI and Our World in Data. For all variables, the
units of measurements for cereal yields are (tonnes per hectare) as follows: agricultural land (% of land area),
fertiliser inputs per unit of agricultural land (kilograms per hectare of agricultural land), rainfall (mm) and
temperature (Celsius), respectively. Data on all variables have been collected from 1980 through 2020.
Figure 2 depicts the trends of the data series for all variables for the selected time period. Additionally,
Figure 3 displays the research variables and methodological framework.

3.2. Model for the variables

Several studies have been performed to investigate the correlation between climate change and
agricultural production in various geographic regions. Aryal et al. (2020) examined the influence of
climate change on crop yields and explored the primary strategies that the agricultural industry might
use to adjust to climate change. One of the main findings was that there are techniques for farming that
may assist in adapting to climate change in agriculture. However, the present regulatory structure for
adopting and spreading these technological solutions has to be reinforced. Furthermore, Warsame et al.
(2021) examined the influence of climate change on agricultural output by using the ARDL technique,
specifically focusing on the variables rainfall, temperature and CO, emissions. The empirical findings
demonstrated that long-term rainfall positively influenced crop yields but negatively affected crop yields
in the short term. Conversely, temperature had a detrimental effect on crop output in both the long and
short term. Ahsan et al. (2020) explored the influence of CO, emissions, energy consumption, cultivated
land area and labour on cereal crop output in Pakistan. The research findings indicated that cereal crop
output was positively influenced by CO, emissions, energy consumption, cultivated land area and
workforce. Ali et al. (2023) demonstrated that cereal crops, such as wheat, rice and maize, have
a crucial function in supplying food for the world’'s population and are especially significant as staple
foods in Pakistan. Nevertheless, the cultivation of these fundamental cereal crops in Pakistan has been
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negatively impacted by significant changes in climatic conditions and an assortment of other variables.
However, the research conducted by Kar et al. (2024) indicated that climate change would have
detrimental effects on agricultural output and food security on a worldwide scale. The sudden fluctua-
tions in climatic factors may impact the output of crops, efficiency, livestock, dairy and fisheries, thereby
having a negative impact on food security and the worldwide economy. But the current study aimed to
examine the impact of agricultural land, fertiliser inputs per unit of agricultural land, rainfall and
temperature on cereal yields. To reveal the connection between variables, the following model can be
stated:

(M

Cereal Yields — f<Agr|cuIturaI Land, Fertilizer Inputs Per Unit of Agricultural Land,)

Rainfall, Temperature

In order to interact the nexus of variables including cereal yields, fertiliser inputs per unit of agricultural land,
rainfall and temperature in Pakistan, this investigation used time series data varies from 1980 to 2020. Thus,
the econometric form of the above function can be as follows:

CY: = 79 + T1LA + T5FL + 13RF + T4 TE + u; (2)

Where CY indicates the cereal yields, LA is used for agricultural land, FL indicates fertiliser inputs per unit of
agricultural land, RF indicates the rainfall, and TE is for the temperature; where u, is the residual term in
Equation (2).

3.3. Econometric procedure

Using the standard ADF testing approach described by Dickey and Fuller (1979), we identified the integration
order for the given prescription. The issue of serial correlation is addressed by the Augmented Dickey—Fuller
(ADF) test, which incorporates a higher order regression process into the model. The ADF test assumes that
the variables are level-stationary only if they do not have a unit root and that they have a unit root if there is
one present. The ADF test can be expressed mathematically as

k
Ay, =0+AT+py,_,+ Zi:1 ApAy; ; + Ut (3)

In this investigation, we also employed the Phillips and Perron unit root testing (Phillips & Perron, 1988).
Although it varies from ADF in that it does not allow for serial correlation in test regression, it nonetheless
produces reliable findings when dealing with heteroscedasticity. The estimated equation for this test is as
follows:

Ay, =0+ py,_; + U 4)

Cho et al. (2015) created an enhanced version of ARDL called QARDL, which we employed for
a variety of purposes to investigate the cointegration connection among both endogenous and
exogenous variables. In some cases, this strategy allows for distribution-based asymmetry because
the parameters may change depending on where the dependent variable is located within the
restrictive dissemination. Furthermore, unlike NADRL, where the nonlinearity threshold is zero (Shin
et al., 2014), QARDL intensity is determined using data-driven techniques, and this model surpasses
all of them. The ARDL fundamental equation is

ACYy = By + By CY1 1+ BoLAc 1 + BsFLi + BoRFe 1 + BsTE 1+ D - yiACYe i+ D 0 yyBLA
q r s
+ ) ValbFLei+ > VaBRF Y ysATEC + Uy (5)
Where u, indicates CY, — E[CY/0, —1], and o; —1 is the smallest o-field generated by {CY,, LA, FL,, RF,, TE,

CYiq, LAeq, FLeq, RFyq, TE( ). Furthermore, B shows the long-run effects, while y show the dynamics in the
short term. Equation (5) may be expressed in quantile form as follows:

QCYt = a(7) + Z,L Vai(T)ACY e + Zip:o Yai(T)ALA; + Z?:o Ysi(T)AFLe; + Zir:o Vai(T)ARF¢_;
+ Z;O Vsi(DATE i + By (T)CYeq + By(T)LA1 + B3(T)FLeio1 + Ba(T)RFe—1 + Bs(T)TEe—1 + ue(7) (6)
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In Equation (6), u(7) = CY; - Qeve (55) that is proposed by the authors Kim and White (2003); where 0< 7 <1
indicates quantile values.
By following Equation (6), this may be used to uncover the ECM version of the QARDL model:

QOVt=a(t) + Y yu(DACY i+ > ¢ yu(DALAC + > 1 yy(DAFL + Y ya(DARF
+ Zis:o Vsi(DATE i + By (T)CYeq + By(T)LA1 + B3 (T)FLer + Ba(T)RFe—1 + Bs(T)TEe—1 + ue(7) (7)

The effects of the asymmetrical integrations across different quantiles have been examined using the Wald
test in relation to both the long- and short-term outcomes.

4. Empirical findings and discussion

Prior to conducting the empirical analysis in this study, we performed a descriptive analysis to examine the
distribution and structure of the data. The results of this analysis are provided in Table 1. All variables, with
the exception of TE and LA, exhibited considerable deviations from the mean value. Furthermore, each
variable exhibited a distribution that was negatively skewed. Except RF, all variables have a kurtosis value
below 3, indicating that they are not normally distributed.

Table 2 demonstrates the correlation between agricultural land, fertiliser inputs per unit of agricultural
land, rainfall and temperature, and cereal yields. The findings suggest that there is an interaction between all
parameters.

The ARDL model is expanded by incorporating QARDL in this study, which possesses nearly identical
prerequisites with ARDL. In order to prevent the inclusion of our model’s variables in the second order, we
conduct subsequent validation and confirm stationarity before using QARDL. This study employs both the
Augmented Dickey-Fuller (ADF) and Phillips—Perron tests to provide proof of the time-varying characteristics
of the series. A stationarity test was conducted on all variables, and the results of the tests are reported in
Table 3. None of the independent variables were found to exhibit stability at the second level of variation.

Table 4 displays the estimated values of the long-term, short-term and error-correction variables in the
QARDL model. According to Cho et al. (2015), the error-correction element is substantial, except for the first
quantile. Furthermore, the element has a negative correlation with every quantile. This indicates that the
variables are converging towards a stable equilibrium over an extended period of time. However, the rate at
which they adjust differs based on the quantiles. The constant’s value can be disregarded when analysing
high quantile values due to its insignificance.

The coefficient of agricultural land over the quantiles indicates that land has positively impacted on cereal
yields in both short and long run. Increasing the land under cultivation can lead to an upsurge in the total
area of land available for cereal production. This, in turn, can increase the overall cereal productivity in the
short run, as more land is available to grow crops. Additionally, the increased cultivation of land can lead to
higher agricultural productivity, a consequence of the fact that producers are able to generate more
sustenance using the same quantity of resources (such as labour and fertiliser). This increase in productivity
can further boost cereal production in the short run. However, in the long run, increasing the agricultural

Table 1. Descriptive analysis.

Variables Mean Max. Min. S.D Skew. Kurt.
cy 0.802 1.157 0.434 0.230 —0.055 2.469
LA 16.337 16.408 16.172 0.080 —0.096 2.168
FL 3.895 4.456 3.109 0.396 —0.475 2.369
RF 3.253 3.572 2773 0.189 —0.663 3.119
TE 3.017 3.051 2.972 0.023 -0.519 2.025

Table 2. Correlation among the variables.

cy LA FL RF TE
cy 1.000 —-0.122 0.957 —-0.033 0.625
LA -0.122 1.000 —-0.226 -0.235 -0.046
FL 0.957 —-0.226 1.000 —-0.050 0.637
RF -0.033 -0.235 —-0.050 1.000 —-0.365

TE 0.625 —0.046 0.637 —-0.365 1.000
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Table 3. Unit root test.

[ADF test] [Phillips-Perron test]
[Variables] 1(0) I(1) 1(0) 1(1)
cY —0.568 —10.734*** -0.432 —8.521%***
(0.860) (0.000) (0.767) (0.000)
LA 2.010 —7.030%** 1.622 —5.695%**
(0.988) (0.000) (0.578) (0.000)
FL -2.114 —6.663%** —2.354* —7.019%**
(0.229) (0.000) (0.091) (0.000)
RF —3.007** —13.234%** —3.797** —8.088***
(0.043) (0.000) (0.049) (0.000)
TE —5.859%** —8.859%** —6.160%** —3.017**
(0.000) (0.000) (0.000) (0.046)

¥, ¥% *** show at 1%, 5% and 10% level of significance.

Table 4. Outcomes of QARDL estimates.

Long-run estimates Short-run estimates
Variables C LA FL RF TE D(LA) D(FL) D(RF) D(TE) ECM(-1)
0.1 -1.638 0.727 0.452* —0.108*** 0.169 0.251 0.459* 0.004 0.452 -0.011
(0.364) (0.243) (0.000) (0.062) (0.630) (0.753) (0.003) (0.942) (0.444) (0.769)
0.2 —-1.647 0.827%*** 0.436* -0.071 0.240 1.158 0.337 0.001 -0.241 —0.399**
(0.321) (0.061) (0.000) (0.131) (0.695) (0.198) (0.114) (0.653) (0.702) (0.024)
0.3 —2.323** 0.905* 0.414* —-0.063* 0.108** 1.216* 0.317** —0.069** -0.218 —0.753*
(0.028) (0.000) (0.000) (0.009) (0.015) (0.009) (0.019) (0.024) (0.433) (0.000)
0.4 —1.554** 1.116* 0.354* —0.085** 0.235** 1.211* 0.326* —0.058** -0.141 —0.709*
(0.023) (0.002) (0.000) (0.036) (0.029) (0.010) (0.010) (0.038) (0.609) (0.000)
0.5 —2.909** 1.130* 0.389* —0.110%** 0.315* 0.868** 0.323** —0.046*** -0.210 —0.567**
(0.032) (0.003) (0.000) (0.064) (0.000) (0.012) (0.019) (0.068) (0.331) (0.026)
0.6 -1.984 1.552** 0.232%** -0.027 0.040%*** 0.804** 0.240***  —0.054** —0.334* -0317
(0.134) (0.015) (0.075) (0.760) (0.064) (0.034) (0.064) (0.042) (0.009) (0.400)
0.7 -1.776** 1.304*** 0.267 0.032 0.748 0.882** 0.251** —0.057** —-0.285* —0.270***
(0.032) (0.097) (0.212) (0.732) (0.462) (0.021) (0.050) (0.041) (0.003) (0.095)
0.8 —1.144*** 1.181 0.242 0.109 1.822 1.299** 0.105 —0.109**  —0.078***  —0.213***
(0.077) (0.159) (0.159) (0.498) (0.291) (0.016) (0.345) (0.030) (0.077) (0.058)
0.9 -1.824 1.100 0.272%** 0.151 2.101 1.443* 0.105 —0.102**  —0.017*** —0.346*
(0.831) (0.137) (0.093) (0.376) (0.553) (0.009) (0.264) (0.032) (0.098) (0.000)

*¥* ¥%% show at 1%, 5% and 10% levels of significance.

land can also lead to improvements in soil quality and fertility. Farmers who plan to keep their property in
production for several decades typically make investments in soil conservation techniques like crop rotation
and the use of organic fertilisers. This, in turn, can increase the long-term productivity of the land, leading to
sustained increases in cereal production over time. However, it is imperative to indicate that the effect of
increasing land under cultivation on cereal production may diminish at higher quantiles. This is because, as
more land is cultivated, the marginal returns to additional cultivation may decrease. In other words, the
increase in cereal production may not be as great for each additional unit of land that is cultivated as it was
for previous units. Therefore, while increasing the land under cultivation can have an imperative influence on
cereal production, it is important to consider the optimal level of cultivation that maximizes the benefits of
the land. Most people around the world rely on cereals like wheat, maize and rice for their daily nutrition.
Productivity growth is often cited as a solution to keeping up with rising consumer demand, but actual
numbers demonstrate that we're still far from where we need to be. The problem is compounded by the fact
that traditional agricultural methods have severely reduced the amount of land that is appropriate for
cultivating these goods and are expected to reduce the amount of land even more in the future. In order to
achieve food security, it is crucial to address concerns such as global climate change, which has the capacity
to reduce agricultural production. Climate change can have significant impacts on grain production,
primarily due to increased heat and water stress. Furthermore, climate change can have an indirect impact
on grain production by altering the availability of fertilisers, increasing the occurrence of diseases and
influencing the presence of insects (Hawkesford et al, 2013; Molotoks et al.,, 2021; Porter et al., 2014).
Agricultural and food production can be impacted by a wide variety of external influences. Assessing the
effects of climate change on agriculture is difficult because of the intricate connections among various
elements within agricultural systems. The impact of climate on food production is a crucial factor in
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determining the agricultural techniques employed at the local and regional levels. Fluctuations in atmo-
spheric carbon dioxide concentrations, along with the associated alterations in weather patterns and
precipitation trends, might potentially exert a substantial influence on crop productivity. According to
experts, farming has an impact on the environment by altering the output of harmful gases and the
utilization of land. The resilience of crops to withstand the effects of climate change will be pivotal in
guaranteeing worldwide food security in the coming decades (K. F. Ahmed et al., 2015).

Results show that fertiliser inputs per unit of agricultural land affects cereal yields in Pakistan positively in
both the long run and short run; however, the effectiveness reduces at higher quantiles. Fertilisers provide
essential nutrients to crops that are necessary for their growth. The usage of fertilisers can help to upsurge
the yields of cereal crops in the short run by ensuring that crops have access to the necessary nutrients. This
can be particularly important in areas where soil fertility is low or where crops are grown intensively. In the
long run, the use of fertilisers can also lead to improvements in soil fertility. As crops absorb nutrients from
the soil, the soil can become depleted over time. Fertilisers can help to replenish the soil’s nutrient levels and
maintain its fertility, which can lead to sustained increases in cereal production over time. However, the
effect of increasing fertiliser use on cereal production may diminish at higher levels of fertiliser use. This is
because excessive use of fertilisers can lead to environmental problems such as soil erosion, groundwater
pollution and nutrient imbalances. Additionally, as the amount of fertiliser used increases, the marginal
returns to additional fertiliser use may decrease. Therefore, while increasing fertiliser use can have
a constructive consequence on cereal production, it is imperative to deliberate the optimal level of fertiliser
use that maximizes the benefits while minimizing the negative environmental impacts. In contrast, the
growth in soil N,O emissions has become a serious concern in recent years, limiting the use of nitrogen
fertilisers to improve agricultural production and sustainability (Arunrat, Sereenonchai, Chaowiwat, Wang, &
Hatano, 2022; Kotus et al., 2022).

The coefficient of rainfall indicates that in the long run, low to intermediate level of rainfall is affecting
cereal production negatively, while the effect of rainfall at higher quantile is insignificant. However, in the
short run, low level of rainfall has an insignificant effect on cereal production whereas rainfall at median to
higher quantile affects cereal production negatively. Rainfall coming out in the low-to-medium range has the
potential to negatively affect crop production in Pakistan over the long term. This is because prolonged
periods of low rainfall can lead to soil moisture stress, which can affect the growth of crops over time.
Additionally, low rainfall can reduce the availability of water for irrigation, which can further limit crop
growth and yield. Conversely, the long-term effect of abundant rainfall on cereal production in Pakistan is
negligible. This is because while excess rainfall can provide water for crop growth, it can also lead to
waterlogging, soil erosion and other negative environmental impacts that can ultimately limit cereal
production. In the short run, the impact of rainfall on cereal production can be different. In the near term,
low rainfall may not have much of an effect on cereal yields because cereals may still have access to enough
wetness for growth and development. However, moderate-to-high levels of rainfall in the short run can
negatively impact cereal production, as excessive rainfall can lead to flooding, soil erosion and other
environmental problems that can damage crops and reduce yields.

The influence of temperature on cereal productivity in Pakistan can vary depending on the specific
temperature level and whether the analysis is for the short run or long run. In the long run, temperature at
low quantiles is affecting cereal production insignificantly, while impact of moderate temperature has an
imperative influence on cereal production and at higher quantiles; temperature has an insignificant impact
on dependent variable. Further, in the short run, low-to-moderate temperature has an insignificant effect on
cereal production, while high level of temperature negatively affects cereal production. When deciding on
how to adapt to climate change, it is vital to understand the connection between a variety of environmental
characteristics and agricultural production. Separating and quantifying the impact of various environmental
conditions on agricultural production is required to put these strategies into action. For example, adjusting
to a change in weather requires a different set of procedures than adjusting to a change in precipitation.
According investigations, even slight temperature changes can have a significant impact on agricultural
yields, and locations for plants experiencing heat stress have been identified around the world (Challinor
et al.,, 2014; Teixeira et al,, 2013). Reduced greenhouse gas emissions from farms could make a significant
contribution to climate change mitigation in the future. The effects of global warming on crops are severe. As
a result, implementing more energy-efficient and green technologies is the single most effective way to
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reduce pollution in farming environments. Future agricultural growth will need the production and seeding
of green agriculture, which will become a pattern useful in achieving sustainable green and low carbon goals
(Cui et al., 2021; Elahi et al., 2022; van Veelen, 2021).

Low temperatures may not have a major effect on Pakistan’s grain output in the long term. However, grain
output can benefit from mild temperature because they support agricultural growth and development. This
is because moderate temperatures can provide optimal conditions for crop growth, such as reducing heat
stress and increasing photosynthesis rates. On the other hand, high levels of temperature in the long-run
may not have an important impact on cereal production in Pakistan. This is because crops can adapt to
higher temperatures over time through changes in their physiology and development. In the short run, low
to moderate levels of temperature may not have a significant influence on cereal yields, as crops may still
have access to enough heat for growth and development. However, high levels of temperature in the short-
run can lead to heat stress in crops, which can cause wilting, reduced photosynthesis rates and reduced yield.
Climate change presents a threat to agricultural productivity. To ensure global food security, it is crucial for
agronomists, policymakers and crop growers to have a thorough knowledge of climate change, specifically
regarding increased temperatures. Optimal conditions can greatly enhance crop growth. Elevated tempera-
tures exert the most significant impact on plant physiological systems, including photosynthesis, transpira-
tion, respiration and production. The decline in agricultural productivity is a significant cause for concern,
and the increase in temperatures is a major factor contributing to the reduction in yields of crucial food
crops. Rising temperatures have a detrimental impact on plants at every stage of their development,
resulting in reduced crop yields. Most of the decline in agricultural productivity occurs during the repro-
ductive phase, which is also the most susceptible stage of a plant’s life cycle due to seed generation taking
place at this time (Hein et al., 2021; Schauberger et al., 2017; Zhao et al., 2017). Crops are vulnerable to the
effects of increasing atmospheric CO, levels, as well as fluctuations in temperature and precipitation. Climate
models provide more accurate predictions of temperature variations in specific regions compared to
fluctuations in precipitation. Among the predicted changes, temperature rises are the most probable factor
that will negatively impact agricultural productivity (Anderson et al., 2020; Rosenzweig et al., 2014).

The findings of a Wald test conducted for the short and long term are reported in Table 5. The Wald test is
a statistical technique used to evaluate distributional asymmetry by examining nonlinearities in both short- and
long-term components (Cho et al., 2015). The results of the Wald test indicate the presence of asymmetric
correlations between the dependent variable and all independent factors in the long term. In the short term, all
independent variables, except for temperature, exhibit indications of nonlinearity. The Wald test’s null hypothesis
is rejected for the ECT parameter as well; therefore, we can draw the conclusion that there is asymmetry in the ECT
term.

Moreover, Figures 4 and 5 depict the distinct representation of the long- and short-term con-
straints throughout the chosen quantiles. The comparison between static linear parameters and
projected coefficients reveals a noticeable alteration in the coefficient values, providing evidence of
the existence of asymmetric patterns in these variable coefficients. The computed values are pre-
sented in a vertical orientation, whereas the quantiles of 0.1, 0.3,..., 0.9 are presented in a horizontal
orientation on the graphs.

Table 5. Wald test results.

(Study variables) (Wald-test)
ECT 4.208***
Long-run findings (Parameters)

LA 5.890%**
FL 3.048**
RF 3.499%**
TE 2.934%**
Short-run findings (Parameters)

LA 1.916*
FL 2.022*
RF 5.133%**
TE 1.156

*xx ¥x% show at 1%, 5% and 10% level of
significance.
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5. Conclusion and policy suggestions

The primary objective of this study was to investigate the influence of agricultural land, fertiliser inputs
per unit of agricultural land, rainfall and temperature on cereal yields in Pakistan. The study employed
the quantile autoregressive distributed lag (QARDL) method to analyse the impact of variables in both
the short and long term. The findings uncover that agricultural land over the quantiles indicates that
land has a constructive influence on cereal yields in both the short and long run. Fertiliser inputs per
unit of agricultural land affect cereal yields positively in both short and long run; however, the
effectiveness reduces at higher quantiles. Furthermore, rainfall indicates that in the long run, low to
intermediate level of rainfall is affecting cereal production negatively, while the effect of rainfall at
higher quantile is insignificant. Similarly, the effect of temperature on Pakistan’s yields production can
shift based on the temperature at which the investigation is conducted and whether it is a short- or
long-term analysis.

5.1. Policy recommendations

The study concludes with a number of recommendations for improving farming output, site usage and
peasant access to funding in order to raise food outputs. It is widely acknowledged that emerging economies
expenditures on agriculture, insufficient funding for resilience measures, a worsening average environment
and a higher likelihood of severe events make these economies more vulnerable to the impact of climate
change compared to more developed countries. Due to the unavoidable nature and significant consequences
of climate change, certain regions may experience irreparable damage to their arable land and water
resources, leading to severe consequences for local food production. The poorest economies, which have
fewer resources to deal with disasters, suffer the most from these losses. Although the global community has
made progress towards reducing greenhouse gas emissions, resilience to climate change remains a critical
problem that must be addressed in future negotiations. However, the weather plays a major role in farming
output, which in turn affects global food sources. Agriculture is especially susceptible to climate change
because local weather trends determine which goods and services can flourish in a particular region. Increases
in average annual temperatures reduce production due to abbreviate the manufacturing cycle for many
goods. In the end, how much of an effect global climatic change has on food security will rely on how well
societies are prepared to deal with the situation and how quickly they can recoup. In order to mitigate the
susceptibility of agriculture to climate change, it is imperative to effectively manage land, water and wildlife. In
recognition of the importance of agriculture, the government encourages the implementation of inventive
approaches to financial inclusion in the agricultural sector. This is done with the aim of boosting agricultural
production and exports, which in turn stimulates economic growth by fostering rural development. In order to
mitigate the impact of climate change on Pakistan’s agricultural sector and food supply, it is imperative to
undertake initiatives at the global, national, regional and local levels.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research is supported by the Henan Agricultural University underfunding No: [30501287] and National Natural
Science Foundation of China project No: [72373036].

ORCID

Abdul Rehman (i) http://orcid.org/0000-0001-7809-5124



14 A. REHMAN ET AL.

References

Abbas, S., Kousar, S., & Khan, M. S. (2022). The role of climate change in food security; empirical evidence over Punjab
regions, Pakistan. Environmental Science and Pollution Research, 29(35), 53718-53736. https://doi.org/10.1007/s11356-
022-19315-7

Agovino, M., Casaccia, M., Ciommi, M., Ferrara, M., & Marchesano, K. (2019). Agriculture, climate change and sustainability:
The case of EU-28. Ecological Indicators, 105, 525-543. https://doi.org/10.1016/j.ecolind.2018.04.064

Ahmad, J,, Alam, D., & Haseen, M. S. (2011). Impact of climate change on agriculture and food security in India.
International Journal of Agriculture, Environment and Biotechnology, 4(2), 129-137.

Ahmed, K. F,, Wang, G., Yu, M., Koo, J,, & You, L. (2015). Potential impact of climate change on cereal crop yield in West
Africa. Climatic Change, 133, 321-334. https://doi.org/10.1007/5s10584-015-1462-7

Ahmed, M. N., & Schmitz, M. (2011). Economic assessment of the impact of climate change on the agriculture of Pakistan.
Business and Economic Horizons, 4(1), 1-12.

Ahsan, F., Chandio, A. A, & Fang, W. (2020). Climate change impacts on cereal crops production in Pakistan: Evidence
from cointegration analysis. International Journal of Climate Change Strategies and Management, 12(2), 257-269.
https://doi.org/10.1108/1JCCSM-04-2019-0020

Ali, M. A, Shah, Y. R, Din, S., & Saqib, M. (2023). Climatic variability’s influence on cereal harvests in Punjab, Pakistan: A
comprehensive analysis and mitigation strategies. Journal of Food and Agricultural Technology Research, 2(01), 92-104.
https://doi.org/10.69501/8a6kv925

Ali, S, Liu, Y., Ishaqg, M., Shah, T., llyas, A., & Din, I. U. (2017). Climate change and its impact on the yield of major food crops:
Evidence from Pakistan. Foods, 6(6), 39. https://doi.org/10.3390/foods6060039

Anderson, R., Bayer, P. E., & Edwards, D. (2020). Climate change and the need for agricultural adaptation. Current Opinion
in Plant Biology, 56, 197-202. https://doi.org/10.1016/j.pbi.2019.12.006

Anwar, M. R, Liu, D. L, Macadam, I., & Kelly, G. (2013). Adapting agriculture to climate change: A review. Theoretical and
Applied Climatology, 113, 225-245. https://doi.org/10.1007/s00704-012-0780-1

Arunrat, N., Sereenonchai, S., Chaowiwat, W., & Wang, C. (2022). Climate change impact on major crop yield and water
footprint under CMIP6 climate projections in repeated drought and flood areas in Thailand. Science of the Total
Environment, 807, 150741. https://doi.org/10.1016/j.scitotenv.2021.150741

Arunrat, N., Sereenonchai, S., Chaowiwat, W., Wang, C.,, & Hatano, R. (2022). Carbon, nitrogen and water footprints of
organic rice and conventional rice production over 4 years of cultivation: A case study in the lower north of Thailand.
Agronomy, 12(2), 380. https://doi.org/10.3390/agronomy12020380

Arunrat, N., Sereenonchai, S., & Wang, C. (2021). Carbon footprint and predicting the impact of climate change on carbon
sequestration ecosystem services of organic rice farming and conventional rice farming: A case study in Phichit
Province, Thailand. Journal of Environmental Management, 289, 112458. https://doi.org/10.1016/j.jenvman.2021.
112458

Aryal, J. P., Sapkota, T. B, Rahut, D. B., Krupnik, T. J., Shahrin, S., Jat, M. L,, & Stirling, C. M. (2020). Major climate risks and
adaptation strategies of smallholder farmers in coastal Bangladesh. Environmental Management, 66(1), 105-120.
https://doi.org/10.1007/s00267-020-01291-8

Bandara, J. S., & Cai, Y. (2014). The impact of climate change on food crop productivity, food prices and food security in
South Asia. Economic Analysis and Policy, 44(4), 451-465. https://doi.org/10.1016/j.eap.2014.09.005

Bhattacharya, A. (2019). Global climate change and its impact on agriculture. Changing climate and resource use efficiency in
plants. Academic Press. https://doi.org/10.1016/B978-0-12-816209-5.00001-5

Calzadilla, A., Zhu, T., Rehdanz, K., Tol, R. S., & Ringler, C. (2014). Climate change and agriculture: Impacts and adaptation
options in South Africa. Water Resources and Economics, 5, 24-48. https://doi.org/10.1016/j.wre.2014.03.001

Challinor, A. J., Watson, J., Lobell, D. B., Howden, S. M., Smith, D. R., & Chhetri, N. (2014). A meta-analysis of crop yield
under climate change and adaptation. Nature Climate Change, 4(4), 287-291. https://doi.org/10.1038/nclimate2153

Chandio, A. A, Magsi, H., & Ozturk, I. (2020). Examining the effects of climate change on rice production: Case study of
Pakistan. Environmental Science and Pollution Research, 27, 7812-7822. https://doi.org/10.1007/511356-019-07486-9

Chen, S., Chen, X,, & Xu, J. (2016). Impacts of climate change on agriculture: Evidence from China. Journal of Environmental
Economics and Management, 76, 105-124. https://doi.org/10.1016/j.jeem.2015.01.005

Cho, J. S., Kim, T. H., & Shin, Y. (2015). Quantile cointegration in the autoregressive distributed-lag modeling framework.
Journal of Econometrics, 188(1), 281-300. https://doi.org/10.1016/j.jeconom.2015.05.003

Cui, Y., Khan, S. U, Deng, Y., Zhao, M., & Hou, M. (2021). Environmental improvement value of agricultural carbon
reduction and its spatiotemporal dynamic evolution: Evidence from China. Science of the Total Environment, 754,
142170. https://doi.org/10.1016/j.scitotenv.2020.142170

Dickey, D. A., & Fuller, W. A. (1979). Distribution of the estimators for autoregressive time series with a unit root. Journal of
the American Statistical Association, 74, 427-431. https://doi.org/10.1080/01621459.1979.10482531

Dietz, S., & Atkinson, G. (2010). The equity-efficiency trade-off in environmental policy: Evidence from stated preferences.
Land Economics, 86(3), 423-443. https://doi.org/10.3368/le.86.3.423

Eitzinger, J., Trnka, M., Semeradova, D., Thaler, S., Svobodova, E., Hlavinka, P., Siska, B., Taka¢, J., Malatinska, L.,
Novakova, M., Dubrovsky, M., & Zalud, Z. (2013). Regional climate change impacts on agricultural crop production


https://doi.org/10.1007/s11356-022-19315-7
https://doi.org/10.1007/s11356-022-19315-7
https://doi.org/10.1016/j.ecolind.2018.04.064
https://doi.org/10.1007/s10584-015-1462-7
https://doi.org/10.1108/IJCCSM-04-2019-0020
https://doi.org/10.1108/IJCCSM-04-2019-0020
https://doi.org/10.69501/8a6kv925
https://doi.org/10.69501/8a6kv925
https://doi.org/10.3390/foods6060039
https://doi.org/10.1016/j.pbi.2019.12.006
https://doi.org/10.1007/s00704-012-0780-1
https://doi.org/10.1016/j.scitotenv.2021.150741
https://doi.org/10.3390/agronomy12020380
https://doi.org/10.1016/j.jenvman.2021.112458
https://doi.org/10.1016/j.jenvman.2021.112458
https://doi.org/10.1007/s00267-020-01291-8
https://doi.org/10.1016/j.eap.2014.09.005
https://doi.org/10.1016/B978-0-12-816209-5.00001-5
https://doi.org/10.1016/j.wre.2014.03.001
https://doi.org/10.1038/nclimate2153
https://doi.org/10.1007/s11356-019-07486-9
https://doi.org/10.1016/j.jeem.2015.01.005
https://doi.org/10.1016/j.jeconom.2015.05.003
https://doi.org/10.1016/j.scitotenv.2020.142170
https://doi.org/10.1080/01621459.1979.10482531
https://doi.org/10.3368/le.86.3.423

NJAS: IMPACT IN AGRICULTURAL AND LIFE SCIENCES . 15

in central and Eastern Europe-hotspots, regional differences and common trends. The Journal of Agricultural Science,
151(6), 787-812. https://doi.org/10.1017/50021859612000767

Elahi, E., Zhang, Z., Khalid, Z., & Xu, H. (2022). Application of an artificial neural network to optimise energy inputs: An
energy-and cost-saving strategy for commercial poultry farms. Energy, 244, 123169. https://doi.org/10.1016/j.energy.
2022.123169

Fischer, G,, Shah, M. M., Van Velthuizen, H. T., & Nachtergaele, F. O. (2001). Global agro-ecological assessment for agriculture
in the 21st century. https://pure.iiasa.ac.at/6413

Fisher, A. C., Hanemann, W. M., Roberts, M. J., & Schlenker, W. (2012). The economic impacts of climate change: Evidence
from agricultural output and random fluctuations in weather: Comment. American Economic Review, 102(7),
3749-3760. https://doi.org/10.1257/aer.102.7.3749

Foley, J. A, Ramankutty, N., Brauman, K. A, Cassidy, E. S., Gerber, J. S., Johnston, M., Mueller, N. D., O'Connell, C,, Ray, D.K,,
West, P. C,, Balzer, C,, Bennett, E. M., Carpenter, S. R, Hill, J., Monfreda, C., Polasky, S., Rockstréom, J., Sheehan, J. ...
Tilman, D. (2011). Solutions for a cultivated planet. Nature, 478(7369), 337-342. https://doi.org/10.1038/nature10452

Fuhrer, J. (2003). Agroecosystem responses to combinations of elevated CO2, ozone, and global climate change.
Agriculture, Ecosystems & Environment, 97(1-3), 1-20. https://doi.org/10.1016/S0167-8809(03)00125-7

Godfray, H. C. J,, Crute, I. R, Haddad, L., Lawrence, D., Muir, J. F,, Nisbett, N., Pretty, J., Robinson, S., Toulmin, C,, &
Whiteley, R. (2010). The future of the global food system. Philosophical Transactions of the Royal Society B: Biological
Sciences, 365(1554), 2769-2777. https://doi.org/10.1098/rstb.2010.0180

GOP. (2022). Pakistan economic survey 2021-2022. Economic AdvisoryWing finance division. Government of Pakistan.
https://www finance.gov.pk/survey/chapter_22/PES16-CLIMATE.pdf

Gornall, J., Betts, R., Burke, E., Clark, R., Camp, J., Willett, K., & Wiltshire, A. (2010). Implications of climate change for
agricultural productivity in the early twenty-first century. Philosophical Transactions of the Royal Society B: Biological
Sciences, 365(1554), 2973-2989. https://doi.org/10.1098/rstb.2010.0158

Hawkesford, M. J., Araus, J. L., Park, R., Calderini, D., Miralles, D., Shen, T., Zhang, J., & Parry, M. A. (2013). Prospects of
doubling global wheat yields. Food and Energy Security, 2(1), 34-48. https://doi.org/10.1002/fes3.15

Hein, N. T., Ciampitti, I. A., Jagadish, S. K., & Cooper, M. (2021). Bottlenecks and opportunities in field-based
high-throughput phenotyping for heat and drought stress. Journal of Experimental Botany, 72(14), 5102-5116.
https://doi.org/10.1093/jxb/erab021

Howden, S. M., Soussana, J. F., Tubiello, F. N., Chhetri, N., Dunlop, M., & Meinke, H. (2007). Adapting agriculture to climate
change. Proceedings of the National Academy of Sciences, 104(50), 19691-19696. https://doi.org/10.1073/pnas.
0701890104

IPCC. (2007). Climate change 2007: Impacts, adaptation and vulnerability. In Working group Il contribution to the fourth
assessment report of the intergovernmental panel on climate change. Cambridge University Press.

IPCC, 1. (2018). Summary for policymakers” in global warming of 1.5° C. An IPCC special report on the impacts of global
warming of 1.5° C above pre-industrial levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate
poverty. Sustainable development, and efforts to eradicate poverty. World Meteorological Organization.

Kar, S. K., Sharma, A, Kar, S., & Dey, A. (2024). Impact on agricultural crop production under climate change scenario. In
Technological approaches for climate smart agriculture (pp. 109-132). Cham: Springer International Publishing. https://
doi.org/10.1007/978-3-031-52708-1_6.

Karavolias, N. G., Horner, W., Abugu, M. N., & Evanega, S. N. (2021). Application of gene editing for climate change in
agriculture. Frontiers in Sustainable Food Systems, 5, 685801. https://doi.org/10.3389/fsufs.2021.685801

Kashyap, P. L., Rai, P., Srivastava, A. K., & Kumar, S. (2017). Trichoderma for climate resilient agriculture. World Journal of
Microbiology and Biotechnology, 33, 1-18. https://doi.org/10.1007/s11274-017-2319-1

Kim, T. H., & White, H. (2003). Estimation, inference, and specification testing for possibly misspecified quantile regression.
In Maximum likelihood estimation of misspecified models: twenty years later (pp. 107-132). Emerald Group Publishing
Limited.https://doi.org/10.1016/50731-9053(03)17005-3.

Kotus, T., Simansky, V., Drgofova, K., 113, M., Woéjcik-Gront, E., Balashov, E., Buchkina, N., Aydin, E., & Horak, J. (2022).
Combination of biochar with N-fertilizer affects properties of soil and N20 emissions in maize crop. Agronomy, 12(6),
1314. https://doi.org/10.3390/agronomy12061314

Kukal, M. S., & Irmak, S. (2018). Climate-driven crop yield and yield variability and climate change impacts on the US Great
Plains agricultural production. Scientific Reports, 8(1), 1-18. https://doi.org/10.1038/s41598-018-21848-2

Kumar, R., & Gautam, H. R. (2014). Climate change and its impact on agricultural productivity in India. Journal of
Climatology & Weather Forecasting, 2(1), 1-3. https://doi.org/10.4172/2332-2594.1000109

Kurukulasuriya, P., & Rosenthal, S. (2013). Climate change and agriculture: A review of impacts and adaptations. In
Environment department papers; no. 91. Climate change series. © World Bank. https://openknowledge.worldbank.org/
entities/publication/a4373f71-f7b9-57c3-a66d-cf3f6a121c73

Lobell, D. B., Burke, M. B., Tebaldi, C., Mastrandrea, M. D., Falcon, W. P., & Naylor, R. L. (2008). Prioritizing climate change
adaptation needs for food security in 2030. Science, 319(5863), 607-610. https://doi.org/10.1126/science.1152339

Lobell, D. B., & Gourdji, S. M. (2012). The influence of climate change on global crop productivity. Plant Physiology, 160(4),
1686-1697. https://doi.org/10.1104/pp.112.208298


https://doi.org/10.1017/S0021859612000767
https://doi.org/10.1016/j.energy.2022.123169
https://doi.org/10.1016/j.energy.2022.123169
https://pure.iiasa.ac.at/6413
https://doi.org/10.1257/aer.102.7.3749
https://doi.org/10.1038/nature10452
https://doi.org/10.1016/S0167-8809(03)00125-7
https://doi.org/10.1098/rstb.2010.0180
https://www.finance.gov.pk/survey/chapter_22/PES16-CLIMATE.pdf
https://doi.org/10.1098/rstb.2010.0158
https://doi.org/10.1002/fes3.15
https://doi.org/10.1093/jxb/erab021
https://doi.org/10.1093/jxb/erab021
https://doi.org/10.1073/pnas.0701890104
https://doi.org/10.1073/pnas.0701890104
https://doi.org/10.1007/978-3-031-52708-1_6
https://doi.org/10.1007/978-3-031-52708-1_6
https://doi.org/10.3389/fsufs.2021.685801
https://doi.org/10.1007/s11274-017-2319-1
https://doi.org/10.1016/S0731-9053(03)17005-3
https://doi.org/10.3390/agronomy12061314
https://doi.org/10.1038/s41598-018-21848-2
https://doi.org/10.4172/2332-2594.1000109
https://openknowledge.worldbank.org/entities/publication/a4373f71-f7b9-57c3-a66d-cf3f6a121c73
https://openknowledge.worldbank.org/entities/publication/a4373f71-f7b9-57c3-a66d-cf3f6a121c73
https://doi.org/10.1126/science.1152339
https://doi.org/10.1104/pp.112.208298

16 A. REHMAN ET AL.

Mendelsohn, R. (2014). The impact of climate change on agriculture in Asia. Journal of Integrative Agriculture, 13(4),
660-665. https://doi.org/10.1016/52095-3119(13)60701-7

Mittenzwei, K., Persson, T., Hoglind, M., & Kvaerng, S. (2017). Combined effects of climate change and policy uncertainty
on the agricultural sector in Norway. Agricultural Systems, 153, 118-126. https://doi.org/10.1016/j.agsy.2017.01.016

Molotoks, A., Smith, P, & Dawson, T. P. (2021). Impacts of land use, population, and climate change on global food
security. Food and Energy Security, 10(1), e261. https://doi.org/10.1002/fes3.261

Naab, J. B., & Koranteng, H. (2012). Using a gender lens to explore farmers’ adaptation options in the face of climate
change: Results of a pilot study in Ghana. CCAFS working paper. https://hdl.handle.net/10568/21087

Nunez, S., Arets, E., Alkemade, R., Verwer, C,, & Leemans, R. (2019). Assessing the impacts of climate change on
biodiversity: Is below 2°C enough? Climatic Change, 154, 351-365. https://doi.org/10.1007/510584-019-02420-x

Pareek, A., Dhankher, O. P., & Foyer, C. H. (2020). Mitigating the impact of climate change on plant productivity and
ecosystem sustainability. Journal of Experimental Botany, 71(2), 451-456. https://doi.org/10.1093/jxb/erz518

Phillips, P. C., & Perron, P. (1988). Testing for a unit root in time series regression. Biometrika, 75(2), 335-346. https://doi.
org/10.1093/biomet/75.2.335

Porter, J. R, Xie, L., Challinor, A. J,, Cochrane, K., Howden, S. M., Igbal, M. M., Lobell, D. B., & Travasso, M. . (2014). Food
security and food production systems. In Climate change, 2014: Impacts, adaptation, and vulnerability. Part A: Global
and sectoral aspects. Contribution of working group Il to the fifth assessment report of the intergovernmental panel on
climate chan (pp. 485-533). Cambridge University Press. https://eprints.whiterose.ac.uk/110945/

Ray, D. K., Mueller, N. D., West, P. C,, Foley, J. A, & Hart, J. P. (2013). Yield trends are insufficient to double global crop
production by 2050. PLOS ONE, 8(6), e66428. https://doi.org/10.1371/journal.pone.0066428

Rehman, A., Jingdong, L., Shahzad, B., Chandio, A. A, Hussain, I., Nabi, G., & Igbal, M. S. (2015). Economic perspectives of
major field crops of Pakistan: An empirical study. Pacific Science Review B: Humanities and Social Sciences, 1(3), 145-158.
https://doi.org/10.1016/j.psrb.2016.09.002

Rosenzweig, C., Elliott, J., Deryng, D., Ruane, A. C,, Miller, C,, Arneth, A., Boote, K. J., Folberth, C., Glotter, M., Khabarov, N.,
Neumann, K., Piontek, F., Pugh, T. A. M., Schmid, E., Stehfest, E., Yang, H., & Jones, J. W. (2014). Assessing agricultural
risks of climate change in the 21st century in a global gridded crop model intercomparison. Proceedings of the National
Academy of Sciences, 111(9), 3268-3273. https://doi.org/10.1073/pnas.1222463110

Schauberger, B., Archontoulis, S., Arneth, A., Balkovic, J., Ciais, P., Deryng, D., Elliott, J., Folberth, C., Khabarov, N., Miiller, C.,
Pugh, T. A, Rolinski, S., Schaphoff, S., Schmid, E., Wang, X., Schlenker, W., & Frieler, K. (2017). Consistent negative
response of US crops to high temperatures in observations and crop models. Nature communications, 8(1), 13931.
https://doi.org/10.1038/ncomms13931

Shin, Y., Yu, B., & Greenwood-Nimmo, M. (2014). Modelling asymmetric cointegration and dynamic multipliers in
a nonlinear ARDL framework. In Festschrift in honor of Peter Schmidt (pp. 281-314). Springer. https://doi.org/10.
1007/978-1-4899-8008-3_9

Tang, K. H. D. (2019). Climate change in Malaysia: Trends, contributors, impacts, mitigation and adaptations. Science of the
Total Environment, 650, 1858-1871. https://doi.org/10.1016/j.scitotenv.2018.09.316

Teixeira, E. |, Fischer, G., Van Velthuizen, H., Walter, C,, & Ewert, F. (2013). Global hot-spots of heat stress on agricultural
crops due to climate change. Agricultural and Forest Meteorology, 170, 206-215. https://doi.org/10.1016/j.agrformet.
2011.09.002

Tripathi, A, Tripathi, D. K., Chauhan, D. K., Kumar, N., & Singh, G. S. (2016). Paradigms of climate change impacts on some
major food sources of the world: A review on current knowledge and future prospects. Agriculture, Ecosystems &
Environment, 216, 356-373. https://doi.org/10.1016/j.agee.2015.09.034

van Veelen, B. (2021). Cash cows? Assembling low-carbon agriculture through green finance. Geoforum, 118, 130-139.
https://doi.org/10.1016/j.geoforum.2020.12.008

Warsame, A. A, Sheik-Alj, I. A., Ali, A. O., & Sarkodig, S. A. (2021). Climate change and crop production nexus in Somalia: An
empirical evidence from ARDL technique. Environmental Science and Pollution Research, 28(16), 19838-19850. https://
doi.org/10.1007/s11356-020-11739-3

Zaied, Y. B. (2013). Long run versus short run analysis of climate impacts on agriculture. Economic Research Forum
(ERF), 1-14.

Zhao, C,, Liu, B,, Piao, S., Wang, X,, Lobell, D. B,, Huang, Y., Huang, M., Yao, Y., Bassu, S., Ciais, P., Durand, J. L., Elliott, J.,
Ewert, F., Janssens, I. A, Li, T., Lin, E,, Liu, Q., Martre, P. ... Zhu, Z. (2017). Temperature increase reduces global yields of
major crops in four independent estimates. Proceedings of the National Academy of Sciences, 114(35), 9326-9331.
https://doi.org/10.1073/pnas.1701762114


https://doi.org/10.1016/S2095-3119(13)60701-7
https://doi.org/10.1016/j.agsy.2017.01.016
https://doi.org/10.1002/fes3.261
https://hdl.handle.net/10568/21087
https://doi.org/10.1007/s10584-019-02420-x
https://doi.org/10.1093/jxb/erz518
https://doi.org/10.1093/biomet/75.2.335
https://doi.org/10.1093/biomet/75.2.335
https://eprints.whiterose.ac.uk/110945/
https://doi.org/10.1371/journal.pone.0066428
https://doi.org/10.1016/j.psrb.2016.09.002
https://doi.org/10.1016/j.psrb.2016.09.002
https://doi.org/10.1073/pnas.1222463110
https://doi.org/10.1038/ncomms13931
https://doi.org/10.1038/ncomms13931
https://doi.org/10.1007/978-1-4899-8008-3_9
https://doi.org/10.1007/978-1-4899-8008-3_9
https://doi.org/10.1016/j.scitotenv.2018.09.316
https://doi.org/10.1016/j.agrformet.2011.09.002
https://doi.org/10.1016/j.agrformet.2011.09.002
https://doi.org/10.1016/j.agee.2015.09.034
https://doi.org/10.1016/j.geoforum.2020.12.008
https://doi.org/10.1016/j.geoforum.2020.12.008
https://doi.org/10.1007/s11356-020-11739-3
https://doi.org/10.1007/s11356-020-11739-3
https://doi.org/10.1073/pnas.1701762114
https://doi.org/10.1073/pnas.1701762114

	Abstract
	1. Introduction
	2. Comprehensive literature review
	3. Methods and data
	3.1. Data sources
	3.2. Model for the variables
	3.3. Econometric procedure

	4. Empirical findings and discussion
	5. Conclusion and policy suggestions
	5.1. Policy recommendations

	Disclosure statement
	Funding
	ORCID
	References

