:' frontiers ‘ Frontiers in Environmental Science

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Guangdong Wu,
Chongging University, China

REVIEWED BY

Lu Liu,

Southwestern University of Finance and
Economics, China

Muntasir Murshed,

North South University, Bangladesh

*CORRESPONDENCE
Nabila Khurshid,
nabilakhurshid@comsats.edu.pk

SPECIALTY SECTION

This article was submitted to
Environmental Economics and
Management,

a section of the journal

Frontiers in Environmental Science

RECEIVED 07 September 2022
AccepTED 11 October 2022
PUBLISHED 25 October 2022

CITATION
Khurshid N, Fiaz A, Khurshid J and Ali K
(2022), Impact of climate change
shocks on economic growth: A new
insight from non-linear analysis.

Front. Environ. Sci. 10:1039128.

doi: 10.3389/fenvs.2022.1039128

COPYRIGHT

© 2022 Khurshid, Fiaz, Khurshid and Ali.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Environmental Science

TYPE Original Research
PUBLISHED 25 October 2022
pol 10.3389/fenvs.2022.1039128

Impact of climate change shocks
on economic growth: A new
insight from non-linear analysis
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Despite the fact that Pakistan’'s contribution to GHG emissions is low (0.8%)
when compared to other countries but it is one of the hardest hit by climate
change. The present study is an attempt to identify the impact of climate change
on economic growth. The non-linear autoregressive distributional lag (NARDL)
technique is used to estimate the asymmetric effect of climate change on the
economic growth of Pakistan. Annual data covering the years 1980-2021 are
used for empirical analysis. It is noteworthy to reiterate that CO2 emissions and
mean temperature pose asymmetrical results concerning economic growth,
both in the long-run and short-run. CO2_POS and CO2_NEG have a negative
impact on economic growth, whereas MEANT_POS has a positive impact on
economic growth and MEANT_NEG has a negative impact. Precipitation has a
positive and significant long-term influence on economic growth. Research
findings indicate that comprehensive mitigation policies at the nationwide and
worldwide levels are required to limit human-caused climate change in
Pakistan. At national level, tree planting projects and safeguard greenery at
all costs while at international level, policies needed for adoption of mitigation
strategies to control climate change.

KEYWORDS

economic growth, CO2 emissions, asymmetries, NARDL, Pakistan
1 Introduction

Climate change is widely acknowledged as having major consequences for water
supplies, agricultural growth, ecology, the health of humans and animals, forestry systems,
and socioeconomic sectors (Nordhaus, 19915 Stern, 2006; Tol, 2008). Climate change is
predicted to have a greater impact on emerging and impoverished countries than on
affluent countries (Gemenne et al., 2014). Climate anomalies are becoming the norm as
human-caused climate change exacerbates natural catastrophes worldwide, with the poor
bearing the brunt of the repercussions despite being the major cause (Nordhaus, 1991;
Stern, 2006). The industrial discharge of Green House Gases (GHGs) grew rapidly after
Industrialization. GHGs have a strong warming propensity and a lengthy lifespan
(decades to centuries) which can contribute to global warming (Ma et al., 2021; Syed
et al., 2022).
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The accumulation of GHSs will undoubtedly contribute to
global warming (IPCC, 2007a). It should be realised that the
climate is not a continuous, unchanging reality even when left
alone (Weiss and Bradley, 2001). Carbon dioxide (CO2)
accounted for around three-quarters of total GHG emissions
in 2018 (World Bank, 2021). As a result, such high levels of
CO2 emissions are frequently cited as a primary driver of global
warming, and lowering CO2 emissions is typically seen as the
most pressing issue for global economies (Liu and Wang, 2022;
Murshed et al., 2022). Globally, the researchers discovered that
each additional 1°C of day-to-day temperature fluctuation was
associated with a 5% reduction in regional economic growth rate
in any given year. Even at the regional level, where yearly rates
might vary by 16 percentage points each year, this is a significant
shift. Forecasts show that if effective CO2 emission reduction
measures are not implemented, the global temperature would rise
by 3-4 degrees Celsius over pre-industrial levels (NOAA, 2017;
Kurramovich et al., 2022). The following map shows how big
swings in day-to-day temperature hit economic growth. This
map shows the percentage point change in economic growth
rates for each extra 1C° of day-to-day temperature variability in
any year.
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Source: Nature Climate Change/Maximilian Kotz.

The climate change argument arises from a succession of
warnings from scientists and others, all of which indicate that
human-caused climate change is an impending threat to
civilization (Stern 2006; IPCC 2007a). Millions of people may
face health consequences, crop production in the low latitudes
may decline, water supplies may dwindle, precipitation in arid
regions may decrease, extreme events may increase
exponentially, and 20%-30% of species may face extinction
(Stern, 2006; IPCC, 2007b). Worse, catastrophic disasters such
as the collapse of the polar ice sheets might cause major storm
surge, flooding hundreds of millions of individuals (Dasgupta
et al, 2009). If GHSs are not dramatically cut today, economic
development and well-being may suffer (Stern, 2006).

Climate change economic research has long shown that the
market economy of agriculture, coastal resources, energy,
forestry, tourism, and water is vulnerable to climate change
(Pearce et al, 1996). Agriculture and forestry account for a
larger share of the economies of developing countries in

general. They are also more likely to occur in lower altitudes,
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in which the consequences on these industries would be more
significant. These latitudes are too hot, so profitable agricultural
activities are usually difficult, and it is alarming that any further
increase in warming will lower production levels even further.
Low latitude countries may bear up to 80% of the consequences
of climate change (Mendelsohn et al., 2006).

To improve social welfare, sustainable economic growth and
development are required. It implies that environmental
sustainability should be safeguarded rather than economic
progress occurring at the price of environmental damage. It
has been emphasized that environmental deterioration is a
difficult issue in the process of economic growth. Because
environmental deterioration has a direct influence on people’s
living standards and the operation of the economy. According to
empirical studies, lower levels of development are related to
climatic conditions that impact economic production (Burke
etal, 2015; Kalkuhl and Wenz, 2020). Reduced or even stagnated
economic development would be a huge problem, especially for
developing countries. It may, however, have distributional
consequences in wealthy countries by disproportionately
harming poorer regions within nations or more vulnerable
sectors of populations (Hirabayashi et al., 2013; Prudhomme
et al., 2014).

In the literature, there are various plausible methods for
climate change to affect economic growth. Climate change’s
negative impact on economic growth is supported by both
theoretical and empirical evidence. For starters, environmental
deterioration caused by attrition, inundation, drought, the
extinction of rare taxa, and mortality caused by extreme
weather all have long-term ramifications for economic growth.
Second, the means necessary to mitigate the effects of climate
change would constrain investing in both financial and physical
infrastructure, R&D, and intellectual capital, slowing development
(Pindyck, 2011; Ali, 2012). The relationship might theoretically be
formed using macroeconomic and microeconomic characteristics.
Macroeconomic consequences include the impacts on agricultural
production and the country’s economic propensity to develop (for
example, through changing investing or institutions that
encourage economic output development) (Dell et al, 2012).
The the
component and numerous variables like physical and mental

interaction  between microeconomic  analysis
productivity levels, conflicts, and well-being may all have an

impact on the economy (Gallup et al.,, 1999).

1.1 Climate- economic growth nexus in
Pakistan at a glance

Pakistan, being a warm area, is particularly sensitive to
atmospheric changes since it is located in a geographical zone
where temperatures exceed the global average. The nation is
predominantly dry and semi-arid (approximately 60% of the
land receives less than 250 mm of rain per year, with the
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Pakistan’s Average Annual Rainfall
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FIGURE 1
Historical precipitation in Pakistan, adapted from ADB (2017).
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FIGURE 2

Historic and projected average annual temperature in

Pakistan under RCP2.6 (blue) and RCP8.5 (red). The values shown
represent the median of 30+ GCM model ensemble with the
shaded areas showing the 10-90th percentiles.

remaining 24% receiving between 250 and 500 mm); the rivers
are mostly supplied by Hindu Kush-Karakoram Himalayan
glaciers. They are rapidly disappearing because of global
warming; the economy is agrarian and hence particularly
vulnerable (Syed et al, 2022). The variability of monsoon
weather and rainfall each year has resulted in huge floods and
widespread droughts in Pakistan in recent years. As a result of the
problems, Pakistan’s groundwater resources, storm surge
security, energy security, and agricultural sectors are all
jeopardized (Boone, 2008). According to Figure 1, mean
rainfall in Pakistan’s dry plains and the coastal belt has
dropped by 10%-15% since 1960, leading to the continued
deterioration of the country’s wetlands and mangrove
ecosystems. The majority of other regions have seen a slight
increase, both during the monsoon and dry seasons.
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Furthermore, rising temperatures have created a noteworthy
shift in monsoon patterns as well as an increase in the number of
hurricanes in northern Pakistan in recent years, with agricultural
consequences. Pakistan is the world’s sixth most susceptible
country to climate change (Ahmed et al, 2020). Figure 2
shows the future projection of the rise in temperature in
Pakistan. It can be seen that the future rise in average
temperature in Pakistan is significantly greater than the world
temperature which is a very alarming situation.

Climate abrupt changes have been a vital concern for
Pakistan because of its faster-growing population and the
resultant increase in urbanization (Anwar et al.,, 2020).

GHGs from the heavy use of fossil resources are recognized
as the primary cause due to their influence on heat retention in
the upper atmosphere. This increase in global temperature
exacerbated the phenomenon of global warming, resulting in
climate change worldwide consequences. Over 25 million people
are employed in Pakistan’s agriculture-based economy. Pakistan
is ranked as the world’s fifth most populous economy where the
population growth rate is more than 2.83% (GoP, 2021).

In general, when agricultural output rises, so does industrial
output, because agricultural and industrial output are
inextricably linked (Graue, 1930). The link between the
agricultural and industrial sectors has long-term implications
since higher agricultural production leads to reduced prices and
farm consolidation. The industrial sector makes use of extra
manpower that the agricultural sector does not require (Lewis,
1972). According to the general economic growth theory, this
process leads the entire economy to grow. In contrast, the short-
the
relationship. Agricultural commodity price fluctuations are

run relationship is very different from long-run

directly related to the general health of the economy and the
expansion of the industrial sector. Reduced agricultural revenue
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The impact of climate change on net trade in Pakistan (2020-2050)
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FIGURE 3
Climate knowledge portal (Chaudhary, 2017).

leads to lesser demand for industrial goods, and the economy
suffers as a result. The importance of the agricultural sector in
business cycles shows that business cycles are very much
dependent on agricultural activities in economies.

The rising realization that Pakistan contributes the
minimum to the environmental impact while suffering the
most devastating consequences of climate change motivates
Pakistan to understand the ramifications. This is due not just to
economic losses associated with decreased agricultural output,
but also to increases in sickness, mortality, and social
instability. Countries face opportunity costs when they
spend money on climate adaptation rather than on
technological advancement or capital investment. We should
take action to prevent human-caused climate change, as these
changes have a significant impact on agricultural productivity.
This is a highly concerning issue for developing countries
whose economies rely on agriculture. The Figure 3 below
depicts the climatic variance impact on agricultural trade
through 2050 in Pakistan.

According to Naeem et al. (2012), Burke et al. (2015), Liu
(2022), Liu and Wang (2022) the impact of climatic variation on
economic growth can be asymmetric. Therefore, the main
objective of this study is to investigate the asymmetric impact
of CO2 and temperature on the economic production of
Pakistan. In case of Pakistan there is rarely any study
available that investigates the nonlinear relationship between
climate change and economic growth. This study will also
contribute to provide effective policies that will helps in the
reduction of economic loss due to climate change. This research
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also provides the answers to the following questions: Are
temperature, precipitation, and CO2 are important factors
that effects Pakistan’s economic growth? Do CO2 and
temperature have asymmetric impact on economic growth of
Pakistan?

2 Literature review

There is much disagreement on the primary drivers of
climate change and the influence of climate change on
global economic growth. The body of knowledge on the
relationship between environmental sustainability and
economic growth has developed dramatically. This section
provides an updated assessment of how climate change
impacts economies, as well as an evaluation of key empirical
and theoretical literature on the relationship between climate
change and economic development.

Wade and Jennings (2016) investigate the worldwide
economic impacts of climate change. According to them, as
global temperatures increase, rising operating expenses would
harm the global economy, with studies suggesting a worst-case
annual effect of 1% GDP growth. According to research, the
impact would be disproportionately unfavourable for developing
countries, and the long-term financial consequences of climate
change can only be mitigated by cooperating to enact strong
carbon emission restrictions. Berlemann and Wenzel (2018)
explore the short- and long-run growth impacts of rainfall

using a large panel dataset spanning more than 150 countries
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from 1951 to 2013. They discover extensive and highly strong
empirical evidence for long-term negative growth consequences
of rainfall deficits in poor and rising countries that are not driven
by the Sub-Saharan African subsample. Stock’s (2020) research
on Climate Change, Climate Policy, and Economic Growth
included temperature, CO2 emissions, and GDP. According to
the study, rising temperatures cause a wide range of climatic
changes, including droughts, hotter days, and more powerful
rainfalls and storms, all of which vary locally. The principal
driver of this warming is anthropogenic carbon dioxide (CO2)
emissions from the combustion of fossil fuels. Baig et al. (2022)
investigated the asymmetrical dynamic connection between
climatic change and rice production in regard to other
explanatory factors. On time series data from India from
1991 to 2018, the researchers employed the nonlinear
autoregressive distributed lag (NARDL) model and the
Granger causality approach. According to the NARDL
findings, mean temperature has a detrimental long-term
influence on rice yield while having a positive short-term
impact. Furthermore, positive shocks in rainfall and carbon
emissions have long-term and short-term negative and severe
consequences on rice yield. In contrast, negative rainfall
shocks
influence on rice yield. There is a feedback impact between

have a significant long-term and short-term

mean temperature, decreasing rainfall, rising carbon
emissions, and rice yield, according to the Granger causality
test. Khan et al. (2020) assessed the economic impact of climate
change-induced agricultural output loss in Pakistan using a
combination of global climate, crop, and economic models.
Climate change-induced reductions in wheat and rice crop
productivity would cost Pakistan $19.5 billion in real GDP by
2050, according to the estimates, with commodities prices rising
and domestic private consumption declining dramatically.
However, the decline in agricultural output affects not only
the economic agents working in the country’s agriculture
sector, but it also has a multiplier effect on the industrial and
commercial sectors. A major increase in commodity prices would
provide a huge challenge to the entire country’s livelihood,
especially for city dwellers. Kiley (2021) utilised quantile
regressions to determine if climate change increases the
likelihood of severe economic recession. Temperature has a
significant and consistent influence on economic growth risks

across all dimensions.

3 Methodology
3.1 Theoretical background

The current research used the Cobb-Douglas Production
function for estimation for finding out the impact of climatic

changes on economic growth. These effects are then added
together to get an estimation of the overall shift in social
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wellbeing induced by climate change (Fankhauser and Tol,
2005; Niamir et al., 2020). Dell et al. (2008) integrated climate
variations into the equation; this approach would be used as a
benchmark in the ongoing study since it establishes a conceptual
framework for including climate variations in the economic
development model. Take into account the following model:

Y. e A, LK, (1)

AA,
—— =T 2
t BT, )

Where Y represents GDP, L represents labor force, A represents
technology, and can alternatively be referred to as labor
productivity, T represents climatic impacts, and K represents
physical capital. The direct consequences of climate change on
economic growth are captured in Eq. 1 while Eq. 3 captures the
impact of climate on other factors that drive GDP growth
indirectly. It is worth noting that Eq. 1 directly ties climate
change to GDP, but Eq. 2 relates climate change to labor
productivity, which in turn affects GDP growth. After taking
logs of Eq. 1 and differencing concerning time, the following
equation can be derived.

gi=(a+ )T, —aT,, 3)

Where GDP growth rate is used, direct effects of climate change
on economic growth are represented as « and indirect effects as f3.
This equation separates the direct and indirect effects of climate
change. Both influence the initial pace of GDP growth. The direct
impact reverses when the climate returns to its prior state.

3.2 Conceptual framework

The following conceptual frame has been developed based on
past literature for current research.

Climatic Variables

" cOzemission

Health
Issues
Increase
input cost

Disrupt
Transportation

Effect Supply
and Demand

Hard
Working
conditions

Production
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Production

Change in
Demand

Change in
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Investment
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accumulation

Change in
value of

Increase in
Trade

Financial
development

Non-Climatic Variables

Source: Author Own creation.
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TABLE 1 Data sources.

S. No. Variables

—_

GDP growth rate (y)

Population growth rate (POPG)
Carbon emission (Co2)
Consumer price index (CPI)
Temperature (MEANT)

Trade openness (TOT)

Financial development (FINDEV)
Remittances (REMITT)

O 0 NN N Ul s W N

Real effective exchange rate (RER)

—_
(=}

Precipitation (PER)

3.3 Variable description and data sources

Detail regarding different variables used in the current study
is presented in Table 1 along with data sources.

3.4 Justification of explanatory variables

3.4.1 Real effective exchange rate

Real effective exchange rate (REER) is the measurement of
domestic currency against the weighted average of several foreign
currencies, divided by the price deflator. Depreciation of
domestic currency makes exports cheaper and imports
expensive and vice versa. The extent of price -elasticity
determines the effect of price movements in the services
sector (Sahoo and Dash, 2014). Depreciation of REER results
in an increase in exports for both developed and developing
countries (Gnangnon, 2021). According to Kandil and Mirzaie,
(2002) the REER affect the economic growth through various
channels. The first channel affects the demand of the goods and
services by raising imports and decreasing exports because of
appreciation. As a result, aggregate demand is contracting. The
second channel is that appreciation reduces demand for the
dollar because agents expect the REER to recover to its expected
steady-state value. We have used REER as a key independent
variable for our model.

3.4.2 Remittances

Remittances (REM) are the transfer of a portion of a
migrant’s earnings in the form of cash or commodities to
assist their family. The increase in remittances will increase
the foreign reserves of the country and help in the
appreciation of the currency. Mim and Ali (2012) through
channels of saving and investment, remittances have a direct
impact on the economic growth. Remittances can support the
accumulation of human capital, implying that human capital is

an effective avenue via which remittances influence the
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Sources Comments

SBP GDP per capita

PES Population growth rate

WDI Carbon emission per kiloton (kt)
SBP CPI

CCP Mean temperature (Celsius)

SBP Calculated by export + import/GDP
SBP Domestic credit to private

SBP Remittances received from workers
SBP RER

CCP Precipitation (mm)

expansion of the GDP. The proxy variable used for
remittances is Personal remittances received as a % of GDP
which is also used by Munawar and Baig (2019) and Stojanov
et al. (2019).

3.4.3 Trade openness

Trade openness (TO) is the sum of imports and exports
normalized by GDP. The proxy variable used for Trade Openness
is trade as a ratio of GDP (Keho, 2017). According to Wong
(2007) trade openness impacts the economic growth through
access to better and cheaper technology equipment, economies of
scale, and spillover effects. The production of goods and services
in an open economy can have access to foreign technology and
innovation that result in a boost of production.

3.4.4 Inflation
An inflation is a situation of declining purchasing power of a
specific country currency over a specific period.

3.4.5 Population growth

The population of Pakistan has grown at a rate of 2.1% due to
an extremely high birthrate. As is well known, national income is
divided by the whole population to determine per capita income.
The population growth is shown in the low per capita income.

3.4.6 Mean temperature

The average air temperature throughout a specific time
period, typically a day, a month, or a year, as measured by a
thermometer that has been properly exposed. The mean
temperature is often calculated for the year and for each
month in climatological tables.

3.4.7 Carbon emission

Carbon dioxide emissions, also known as CO2 emissions, are
those caused by the burning of fossil fuels and the production of
cement and other goods. They also include gas flaring and carbon
dioxide created during the use of solid, liquid, and gas fuels.
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3.5 Econometric model and data analysis Where q is the lag of independent variables. # = Short-term
representation of Variables. y = long-term representation of

The economic growth will be calculated using Eq. 4 which is variables.
the Supper Reduced form of the baseline model used is The analysis normally begins with a check of the order of
specified as: integration of all variables to assure a non-spurious estimation

YoB, + B,RER, + B,CPI, + B,Remitt, + BFD, + f.Popg: and that no variable is integrated in order larger than one I(1);

otherwise, the limits test for cointegration will be invalid. To
+ ftot, + f,CO2, + B,MTEMP; + 3, Prep, + & (4)

avoid erroneous regression, the ADF unit root test established

Dickey and Fuller, 1979) i i i
Where Y represents GDP while RER, CPL, LTF, FD, Popg, by (Dickey and Fuller, 1979) is used to assess the stationarity of

CRM, TOT, CO2, MTEMP, and Prep denote real effective
exchange rate, consumer price index, remittances, financial

time series data. Our model’s variables are a combination of
stationary at a level I(0) and non-stationary, integrated with
order one. CMR, CO2, CPI, Meant, and Per are all stationary at
a level I(0), but all other variables are I(1), with no I(2)
variables.

development, Population growth, and terms of trade,
CO2 emissions, mean temperature, and precipitation
respectively.

The current study used the NARDL model to estimate the
asymmetric effect of climate change on economic growth.

Eqgs 5, 6 show a symmetric connection between explanatory
variables. Given the importance of non-linearity in that both
positive and negative increases in MEANT and CO2 may have
distinct effects. So, the NARDL model is more suited to reflect the
asymmetric influence of these positive and negative changes

NARDL is the updated version of the Autoregressive
Distributive Lag model (ARDL) of Pesaran et al. (2001).

The ARDL model was used to examine the symmetric o ) ) .
(Shin et al, 2014). Climate change variables are split into

MEANT POS and MEANT NEG, CO2 POS, and CO2 NEG
in the NARDL technique. As a result, the model is as follows:

influence of variables in both the short and long term, but it
does not account for the asymmetric relationship between
variables. By applying partial sum decomposition of the
independent variables, NARDL can tolerate asymmetric
effects in both long-run equilibrium and short-run dynamic . .

: o Decomposing variables
coefficients. Because of its simplicity and ease of
interpretation, the NARDL model is frequently utilized in
. . . . . . MEANT
the research in a variety of domains, including economics

(Cho et al., 2006). The following ARDL equation shows the POS, = zt AMEANT;Zt max(AMEANTj,O) (7)
i=1 i=1
linear relationship between Climate change and economic ! !

growth: NEG, = Z;:lAMEANT]‘,Z;:Imin(AMEANTj, 0) ®
co2
Yo=tig+ Yot (Ve + Y0 1, (RER); + YL 1y (CPI),;
t + t
+ 23:1’74 (Remitt),_; + 23:1775 (FD),_; + z:;”ls (Popg),_; POS; = ZizlACOZj ijlmax(ACOZj’ 0) ©)
+ Y 1, (TOT),; + Y 1, (CO2),, NEG, = )" ACOy; = ) min(ACO,0)>  (10)

q q
+ MTEMP), ;+ ) . Prep), . +
Zi:l s ( ) Zz:1 o (Prep)i-; + th As we are using a nonlinear framework in our study and there

®)

is a probability of nonlinear impact in the time-series data.

Respecify the above equation above we get the ARDL Therefore, we make a nonlinear model as follows:

Cointegration model equation as follows. Y, =g+ Z:;"l (Y),, + 23:1’72 (REER),, + Ziq:l 1, (CPI),;
Y=+ Y0 (N + Y 1, (RER),+ Y7 4, (CPD),., + 2 (Remitt), i+ 30 s (FD)y+ Y 1 g (TOT),.
+ 23:1’74 (Remitt), ; + z;qS (FD),_; + Z?:ﬂs (Popg),_; + z,:’% (POPg),_; + Z;ﬂs Coz.; + Z?:lﬂg (CO2),_;
+ Y 0, (TOT),,+ Y 1, (CO), + 2o (MEANT)_;+ Y 0, (MEANT),
+ Y7 0y (MTEMP),,+ ¥ 0,y (Prep),, +y, (Y), + Y0 My (Prep),_ +y, (Y); +y, (REER), +y, (CPI),
+7, (RER), +y, (CPI), + y, (Remitt), + y, (FD), +y, (Remitt), + y; (FD), + y, (POPg), +y, (TOT),
+7y, (Popg), +y, (TOT), + y, (CO2), + y, (MTEMP), +7,CO2; +7,CO2; + Y1y, (MEANT),,
+9,0 (Prep), + & + nyn (MEANT),_; +y,, (Prep),+&
(6) (63))
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TABLE 2 Results of PP and ADF test.

Variables PP test statistics
Level 1st difference
LGDPER 0.0338 -6.115
-0.9562 (0.000)***
CO, ~1.9652 -2.7014
-0.3005 (0.0827)*
CPI -32148 -7.3278
(0.0262)** (0.000)**
MEANT -3.0549 -11.8676
(0.0381)* (0.000)***
PER -6.9943 —44.5787
(0.000)*** (0.000)***
POPG -0.3178 -2.8795
-0.9133 (0.0567)*
LTOT ~1.5252 ~5.7332
-0.511 (0.000)**
LFINDEV ~1.6145 -4.3681
~0.4662 (0.001)%*
LREMITT 0.5586 ~4.9691
-0.9868 (0.000)***
LRER ~2.1482 ~5.5065
-0.2277 (0.000)***

ADF test statistics

10.3389/fenvs.2022.1039128

Order of integration

Level 1st difference

-0.1015 -6.0911 (1)
~0.9425 (0.000)*

-1.9652 -2.708 (1)
-0.3005 (0.0815)*

~3.0999 -7.2776 1(0)
(0.0344)* (0.000)

-2.9928 —5.3297 1(0)
~0.0439 (0.0001)

~6.9967 ~11.6884 1(0)
(0.000)* (0.000)**

-0.3107 —5.3977 (1)
-0.9139 (0.000)**

~1.4912 -5.7328 1(1)
-0.528 (0.001)

-1.2218 —4.3421 1(1)
~0.6556 (0.000)

0.7214 ~4.9668 1(1)
~0.9912 (0.000)

-2.175 —5.4682 1(1)
-0.2181 (0.000)**

Note: (*), Significant at the 10%; (**), Significant at the 5%; (***), Significant at the 1%; no, not significant. The values in the Parenthesis () are the p-values.

TABLE 3 Bound test.

F-bounds test

Test Statistic Value Signif. 1(0) I(1)

F-statistic 11.49204 10% 1.76 277

k 11 5% 1.98 3.04
2.50% 2.18 3.28
1% 241 3.61

Where,i = lag identityt = timer, = Interceptd = Long run
coefficient

4 Results and discussion
4.1 Testing of unit root

In this study, we employed Phillips and Perron’s (1988)
(Fisher-PP) and Augmented Dicky Fuller (ADF) tests to
examine the propensity of a unit root test across a series of

data. Table 2 shows the results of unit root testing. According to
the findings, variables such as CPI, MEANT, and PER are stable
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at the level in both tests, indicating that they do not require
differencing due to zero-order integration. However, after initial
differencing, the other variables, which included GDPER, CO2,
FINDEV, REER, REMIT, and TOT, remained steady.

4.2 Autoregressive distributive lag model
co-integration—the bound test

To study the cointegration connection between variables by
imposing zero constraints on one lag variable. As indicated in
Table 3, the computed F-statistics is eleven, which is larger than the
upper bond values I(1) critical value (i.e., 2.77) at a 10% significant
level. As a result, the null hypothesis of no cointegration is rejected,
implying that GDP growth, carbon emissions, precipitation,
average temperature, trade openness, inflation rate, Population
growth rate, financial development, real effective exchange rate,

and remittances have a long-run connection.
4.3 Short-run results

Table 4 depicts the short-run results of the NARDL model.
According to the results, CO2_NEG and CO2_ POS have
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TABLE 4 Short-run results.

Variable Coefficient
C -26.9470
LGDPER(-1) -1.9310
CO2_POS(-1) ~1.9359
CO2_NEG(-1) ~2.6290
CPI(-1) 0.0058
MEANT_POS(-1) 0.1094
MEANT_NEG(-1) -0.1315
PER(-1) 0.0002
POPG(-1) 0.5626
LTOT(-1) 7.7553
LFINDEV(-1) 0.9684
LREMITT(-1) 0.3626
LRER(-1) 0.6729
D(LGDPER(-1)) 0.6766
D(CO2_POS) -0.8591
D(CO2_POS(-1)) 0.3862
D(CO2_NEG) -0.2318
D(CO2_NEG(-1)) 2.9680
D(CPI) 0.0045
D(CPI(-1)) 0.0017
D(MEANT_POS) -0.0145
D(MEANT_POS(-1)) -0.0715
D(MEANT_NEG) 0.0315
D(MEANT_NEG(-1)) 0.0838
D(PER) 0.0002
D(PER(-1)) 0.0002
D(POPG) 0.3084
D(POPG(-1)) ~0.7240
D(LTOT) -1.7597
D(LTOT(-1)) -7.2193
D(LFINDEV) -0.0628
D(LREMITT) 0.1713
D(LREMITT(-1)) ~0.1094
D(LRER) -0.0183
CointEq(-1) -0.8415

significant effects on the GDP level. 1 unit increase in the carbon
emissions is likely to decrease GDP growth by 1.935 units,
Ejuvbekpokpo (2014) found the same as our findings that
CO2 and economic growth are negatively related to each
other. The increase in CO2 emission effects the health of the
labor, which as a results cause decline in the productivity of labor
and negatively effects GDP as well. Further, a 1 unit decrease in
the mean CO2 emissions also reduces the GDP by 2.6290. Ghosh
(2010) found that the decrease in CO2 emission will likely
diminish the GDP growth. The CO2 at a certain level is
feasible for the agricultural production however lower than
that will affect the agricultural production. On the other hand,
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Std. error t-statistic Prob.
6.1891 ~4.3540 0.0073
0.4061 ~4.7551 0.0051
03159 -6.1290 0.0017
0.6098 ~43112 0.0076
0.0029 20119 0.1004
0.0314 3.4842 0.0176
0.0527 ~2.4936 0.0549
0.0003 0.7738 0.4740
0.1622 3.4689 0.0179
1.9225 40339 0.0100
0.2012 4.8138 0.0048
0.1151 3.1511 0.0253
02197 3.0630 0.0280
0.2986 22660 0.0728
02756 -3.1176 0.0263
0.1963 1.9675 0.1063
0.1854 -1.2503 0.2665
0.6863 43250 0.0075
0.0015 2.9402 0.0323
0.0016 1.0828 0.3283
0.0190 ~0.7626 0.4801
0.0207 ~3.4609 0.0180
0.0168 1.8816 0.1186
0.0259 32329 0.0231
0.0001 22715 0.0723
0.0001 1.5185 0.1894
03039 1.0147 0.3568
03332 -2.1727 0.0819
0.9667 ~1.8203 0.1284
16713 ~4.3195 0.0076
0.1606 ~0.3909 0.7120
0.0944 1.8156 0.1291
0.0474 ~2.3080 0.0691
0.1977 ~0.0925 0.9299
0.0220 -38.2838 0.0000

MEANT_POS increased GDP by 0.1094, and MEANT-NEG
decreases GDP by 0.1315. Since excessive cold can impede
some activities just as much as extreme heat, greater
temperatures in colder regions or during colder seasons may
boost economic activity Colacito et al. (2018). Other controlled
variables including CMR, CPI, TOT, POPG, and PER show a
positive impact on GDP growth. Further, CO2_POS, LFINDEV,
LREER, LREMITT, and LTOT become significant after one lag
period. The results of the ECM model show that the value of the
ECM coefficient is negative and significant (-0.706). In practical
results, the value of ECM should be negative and significant in the
long run relationship which can be seen above indicating the
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TABLE 5 Long-run results.

Variable Coefficient ~ Std. error  t-statistic ~ Prob.
CO2_POS ~1.0025 0.178 -5.63 0.0024
CO2_NEG -13615 0375 -3.63 0.0150
MEANT_POS ~ 0.0566 0.017 324 0.0229
MEANT_NEG  -0.0681 0.017 -3.98 0.0105
PER 0.0001 0.000 0.73 0.5006
CPI 0.0030 0.001 2.74 0.0408
POPG 02913 0.063 4.66 0.0056
LTOT 4.0162 0.858 4.68 0.0054
LEINDEV 05015 0.118 426 0.0080
LREMITT 0.1878 0.029 637 0.0014
LRER 0.3485 0.086 405 0.0098
C ~13.9548 3.060 -4.56 0.0061

cointegration among variables. This value of ECM indicates that
around 84% of deviations are adjusted per year. This shows the
stability, and the speed of adjustment is quick. In other words, the
ECM coefficient is very large which means that the adjustment of
short deviation around the long run time path is very quick.
Anyhow the ECM model is considered stable, and the
endogenous variables are the elasticities that indicate the
short-run impact on services sector output. The value of ECM
(—0.8415) indicates that the last year shocks disequilibrium as
compared to the long-run equilibrium in the present year.

4.4 Long-run results

Table 5 shows the long-term results of the NARDL model.
Empirical results depict that there is an asymmetric association
between climatic factors (temperature and Carbon emissions)
and economic growth. According to our findings, CO2 emissions
have asymmetry in magnitude, but MEANT has asymmetry in
sign. The CO2 emission coefficient demonstrates that increases
and decreases in CO2 emissions hurt economic development,
i.e, a 1 unit increase in the carbon emission will likely decrease
the GDP growth by 1.0025 percent whereas a 1 unit decrease in
the carbon emission caused 1.35 percent to decline in the GDP
growth. These findings are consistent with those of Porter and
Brown (2009), who discovered that carbon emissions had a
negative and substantial influence on economic growth. They
asserted that the negative impact is due to decreased land and
labor productive capacity because of rising carbon emissions. The
negative impact of CO2 on the level of GDP in the Pakistan
economy is caused by a decrease in aggregate output. Our
findings on CO2 emissions’ positive relationship with GDPG
are corroborated by literature, which indicated that because of
globalization, both companies and individuals will develop
quicker. As a result, agricultural production must increase to
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provide food security and a continuous supply of raw materials to
the industrial sector (Schneider and Smith, 2009). As a result,
higher agricultural production raises carbon dioxide emissions
(Celikkol Erbas and Guven Solakoglu, 2017). Indeed, improper
agricultural practices such as agricultural production in
unsuitable areas to increase output, pesticides and chemical
fertilizers, irrigation, soil processing, mistakes in plant
hormone use, stubble burning, and dumping of unsuitable
animal waste into the soil all contribute to increased
CO2 emissions from crop production (Waheed et al, 2018).
So, an increase in agricultural production increases GDPG and
CO2 emissions as well.

Climate change is a socioeconomic as well as an
environmental issue. Too much heat or cold can have an
impact on human behavior, efficiency, and, worst of all,
mortality. MEANT coefficient shows that asymmetric effect
on economic growth.l unit increase in temperature increases
economic growth by 0.0566 percent whereas 1 unit decrease in
temperature decreases economic growth by 0.0681 percent.
According to (Colacito et al., 2018) positive impact of the rise
in temperature on GDP growth is due to its variance from region
to region. Higher temperatures in colder regions or during colder
seasons may have a positive effect on economic activity because
the extreme cold can be just as difficult to perform as extreme
heat. So, the rise in temperature in colder areas could be more
productive for economic activities due to less effect of cold.
The positive impact of the temperature rise is also due to boost
of some industries in hotter weather, like rising in the demand
of

temperatures have a positive impact on some industries,

refrigerator,  air-conditions,  Increased  summer
such as rise in the demand of refrigerator, air-conditions,
the solar industry, utilities, and mining, may benefit from
increased energy consumption during hotter days. Our study
is also supported by the results of Berge et al. (2017). Our
result further documented the MEANT_NEG pose a negative
impact on economic growth. Several well-documented studies
show that extreme weather hurts agricultural yields and
worker productivity. These have an impact on household
welfare and may lead to an increase in poverty incidence
(Lee et al., 2016). The decline in the temperature hurts the
agricultural sector. Weather uncertainty in Pakistan causes
loss of crops due to which the output of agricultural products
declines. Heavy rainfalls in the region cause a decline in
temperature and many times it causes flooding that as a
result destroys the crops. According to Burke et al. (2015),
the regions with already cold weather are also productive and
they yield more production but when temperatures decline
more than a certain level it causes a decline in the output.
Further, PER causes a positive but insignificant effect on
economic growth. Past studies (Porter and Brown, 2009;
Akram and Hamid, 2015) also showed the positive link
and economic

between precipitation growth  which

primarily is caused by the agricultural sector.
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Our findings show that there is a positive relationship
between CPI and economic growth, as al unit increase in CPI
will cause a 0.0030% increase in GDPG, thus as the rate of
inflation rises, GDP Declines (Asif, 2013). Our findings are
consistent with those of Hussain and Malik (2011), who
discovered that both factors had a positive and substantial
influence on each other. Our findings are consistent with the
Tobin portfolio-shift effect, which states that a high inflation rate
causes consumers to invest more in physical capital while
decreasing their real balance holdings.

Our research also shows that POPg had a beneficial and
considerable impact on economic growth. Our findings are
consistent with those of Ali et al. (2013) and Afzal (2009),
who found that population expansion had a beneficial
influence on economic growth. According to them, population
expansion is not a serious concern; rather, it may aid economic
growth because of the large workforce available and the division
of labor.

In our analysis, LTOT plays a significant role in promoting
GDP growth. The co-efficient of variable LTOT reveals that it has
a significant positive impact on GDPPER. The coefficient is
significant at the 1% level, implying that increasing LTOT
boosts growth. The TOT co-efficient is high, indicating that a
1% change in LTOT results in a 4.0162 percent increase in GDP
growth. As a result, developing countries like Pakistan must
accelerate trade liberalization to achieve high economic growth.
They should not be concerned about the weak arguments in favor
of protectionism. This result agrees with Ghosh and Phillips
(1998), Leyaro (2015), and Tahir and Khan (2014).

The growth of GDP is positively impacted by financial
development, as is to be expected. An increase in financial
development by 1% causes an increase in GDP growth by
0.5015%. The availability of financing is extremely important
for GDP growth. The increase in finance will lead to an increase
in investment and production and as a result the GDP will grow.
Therefore, it is advised that policymakers extend the lending of
finance to highlight its contribution to economic growth (Tahir
et al., 2021).

On the other hand, the LREMMIT indicates a favorable and
large impact on the output of the services sector. Results indicate
that a 1% increase in LREMMIT causes a 0.1878% increase in the
GDP. Empirical data are currently accessible that support our
findings. Numerous research has discovered the beneficial effects
of remittances on GDP, including Lucas (2005) and Glytsos
(2002). Like this, the study by Catrinescu et al. (2009)
demonstrates that REMMIT has a favorable effect on output
productivity. They discovered that the REMITT influences the
GDP through consumption and investment. Investment rises by
3% because of the growth in remittance revenue (Osili, 2004).
Remittances from overseas raise the beneficiaries” standard of
living, which increases demand for and investment in the
economy (Mim and Ali, 2012). According to a study by
Woodruff and Zenteno (2001), 20% of remittances are used to
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TABLE 6 Granger causality tests.

Null hypothesis F-statistic Prob.
LREER does not granger cause LGDPER 4.677 0.016
LGDPER does not granger cause LREER 1.094 0.346
LREMITT does not granger cause LGDPER 3.312 0.048
LGDPER does not granger cause LREMITT 0.315 0.732
LTOT does not granger cause LGDPER 0.054 0.947
LGDPER does not granger cause LTOT 1.654 0.206
PER does not granger cause LGDPER 0.758 0.476
LGDPER does not granger cause PER 0.102 0.904
POPG does not granger cause LGDPER 5.629 0.008
LGDPER does not granger cause POPG 4.992 0.012
CMR does not granger cause LGDPER 0.221 0.029
LGDPER does not granger cause CMR 0.691 0.508
CO2 does not granger cause LGDPER 0.317 0.731
LGDPER does not granger cause CO2 4.056 0.026
CPI does not granger cause LGDPER 0.271 0.048
LGDPER does not granger cause CPI 0.058 0.944

fund microenterprises that experience rapid development and
productivity. Our investigation suggests similar findings to those
of these studies.

The results further indicate the positive impact of LRER. A
1%increase in the value of the rupee is likely to raise GDP growth
by 0.3485%. A stronger domestic currency encourages businesses
to adopt more advanced technology to boost production and,
consequently, profits by increasing imports of the machinery and
raw materials required for the development and growth of the
economy. The opportunity to purchase cheaper raw materials
encourages an expansion in production. These findings concur
with those of Johnson and Koyama (2017).

4.5 Granger causality test

Table 6 shows the results of granger causality test. It is
observed that unidirectional causal relationship was running
from LGDPER, LREER, LREMITT, LTOT, PER, POPG, CMR,
CO2, CPL Hence these causal relationships support the elasticity
of NARDL for each series.

4.6 Stability test

CUSUM and CUSUM of the square test were initially
presented by Brown et al. (1975). This test is based on a plot
of the sum of recursive residuals. The plotting charts in this test
show two straight red lines. While one blue line is between these
two, red lines represent the percentage of the critical link. If blue
lines cross red lines, then we refused each of the predicted
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variables which suggests that our data is nonlinear. However, if
the plot stays inside two straight lines, we do not reject projected
variables which indicate that our data is linear. CUSUM test
identified us to indicate whether the coefficient of the variables is
changing systematically or not, however on the other hand
cumulative test helps to show if the coefficient of regression is
changing unexpectedly. CUSUM Square graphs have been
illustrated in Figure 4. Because the plots stay between the
critical lines at a 5% level of significance, we infer that the
model is stable. Hence, we must assume that parameters are
also stable because the blue line is existing inside the red line.
CUSUM of squares is inside the critical limits of 0.05% which
shows the structural stability of the model and overall goodness
of fit.

5 Conclusion

It is worth noting that the physical elements of Pakistan cause
a broad variety of climate changes. This climate volatility may
have an impact on Pakistan’s economic growth due to significant
rainfall at one time and a drought condition at another, as well as
floods and rising temperatures. As a result, climate change has
had a negative impact on several areas of the economy. It is
critical to understand the potential influence of climate change
on economic growth in order to develop appropriate mitigation
techniques and policies. In light of these considerations, the
current study conducted time series research on the asymmetric
relationship between climate change and economic growth in
Pakistan. For this, we made use of the annual time series data
collection for the years 1980 through 2021. The findings indicate
that CO2 and MEANT have an asymmetric influence on
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economic growth. CO2 emissions have a negative long-term
influence on GDP growth, but precipitation has a favorable long-
term benefit. The mean temperature coefficient demonstrates
that both increases and decreases in mean temperature are
expected to favorably benefit Pakistan’s economic growth. The
negative effects of CO2 result from reduced labor and land
productivity due to an increase in carbon emissions. The
detrimental effects of a decline in total output on Pakistan’s
economy’s GDP level. As a result of the nation’s trade
liberalization, more and more affordable used cars are being
imported. As a result, the number of metric tons of automotive
emissions has increased, endangering the environment. Plant
fumes and portable generators, which are also imported in
significant numbers because of the country’s inconsistent
electricity supply, are other sources of carbon emissions. Our
findings are validated by (Azomahou et al., 2006; Ajmi et al.,
2015; Salahuddin and Gow, 2016; Dogan and Aslan, 2017).
However, the mean temperature coefficient indicates that both
a rise and a drop in mean temperature are expected to have a
favorable impact on Pakistan’s economic development. However,
the impact of the temperature fall on GDP growth is minimal.
Our research indicates that a 1 unit rise in temperature can result
in 0.0566 units rise in GDP. According to Riccardo et al. (2018),
the fact that the influence of temperature rise on GDP growth
varies by location is what accounts for this. In fact, because
extreme cold can be just as difficult to perform as excessive heat,
greater temperatures in colder places or during colder seasons
may have a favorable impact on economic activity. Therefore, the
economic operations in colder regions may be more productive
as a result of the cold’s diminished effects. According to the study
findings, if climate change is not regulated, Pakistan’s economic
growth will be significantly curtailed. It argues for the need for a
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coordinated and comprehensive strategy addressing the
implementation of prevention measures to control climate
change because climate change will have a large negative
influence on economic growth if it is not handled. Reduced
economic growth will also result in a reduction in social welfare.
Even though the poor contribute little to climate change, they
bear the brunt of its consequences due to their reliance on
agribusiness and inability to pay for preventative and
mitigation measures. As a result, climate change mitigation is
critical not just for economic growth but also for human well-
being. However, Pakistan can only do so much to prevent climate
change because its contribution to GHG emissions is modest in
comparison to developed nations. Hence, two types of policy
recommendations were presented. On the national level, The
Pakistani government must increase tree planting projects and
safeguard greenery at all costs. The problem is expected to
worsen as the temperature rises and the population grows.
Farmers must be taught cutting-edge agricultural and
horticulture practices. On an international level, there is a
need for an international policy regarding the adoption of

mitigation strategies to control climate change.
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