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Globalization has resulted in several technical advancements, including the

ability to connect people all over the world and drive the economies with higher

agricultural output. With agricultural productivity expanding quickly, the

negative impact of globalization on environmental degradation is being

disregarded. Rapid agricultural expansion and globalization have resulted in

significant increases in energy consumption and CO2 emissions. The primary

purpose of this research is to assess the role of Pakistan’s massive agriculture

industry in encouraging or discouraging CO2 emissions under Globalization

scenario. Therefore, we applied Non-linear Autoregressive Distributive Lag

Nonlinear Autoregressive Distributed Lag model from 1971 to 2021. Our

results showed that in presence of globalization, agricultural production

shows asymmetries in case of positive and negative shocks. A positive shock

in Agricultural production increased the CO2 emissions while negative shock in

agricultural production decreased CO2 emissions. Furthermore, GDP, energy

consumption and economic globalization have positive association with

economic globalization while on the other hand, surprisingly trade and

urbanization in the presence of globalization have negative association with

CO2 emissions. Environmental deterioration due to greenhouse emissions

causes climatic variation in the economy and several mitigation strategies

are required on sustainable basis in Pakistan. So, our study recommends that

farmers of Pakistan should adopt organic farming this will help to reduce

CO2 emissions.
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Introduction

Globalization has lately gained significance as countries have become more

interdependent (Haseeb et al., 2018). The flow of commodities and services across

nations has expanded as the amount of commerce has increased, and international

contact has quickened. As a result, intense competition was built between countries.
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This has created a situation where countries are working hard

to improve their well-being, as well as their physical and

human capital (Shahbaz et al., 2016a). The degree of

affluence in emerging nations has continuously improved,

particularly in the last 2 decades (Sarkodie et al., 2019;

Sarkodie and Strezov, 2018). This development has

increased the demand for agricultural goods. Consequently,

agricultural production has increased. In some nations, the

first phases of agriculture include conventional grain

production, which allows small farmers to earn a living.

Nowadays only the economic crops and tourism in the

rural sectors have been growing due to economic

globalization which is a great step for this industry (Chen

et al., 2019). But this has also caused a very serious impact on

the biodiversity that once was found in these areas, the lack of

knowledge about agriculture has adverse effects on

biodiversity protection (Aswani et al., 2018). Economic

globalization is a major source of pricing fluctuations and

way of doing agricultural activities (Popp et al., 2018). This is

detrimental to poorer people’s food security, as well as the

agricultural production chain and the economic system (Sokil

et al., 2018; Lanfranchi et al., 2019). Swisher et al. (2018)

concluded that economic globalization acts as the exact

opposite of the major concepts of sustainable agriculture

and farming, it causes stress on the local producers and

reduces dependence on “nourishing” local economies. This

lends credence to the claims that economic globalization is the

primary source of income disparity, as well as the harmful

influence of the agricultural sector on the environment (Iram

and Fatima, 2008). Economic globalization has also led to

damage to the environment due to an increase in agricultural

production through technological innovations (Mariyakhan

et al., 2020). Agricultural production mechanism involved

energy consumption on large scale. When agricultural

production increases due to globalization, demand for

energy consumption is also increased. Energy consumption

in developing nations is mostly based on nonrenewable energy

sources, which contributes to increased greenhouse gas

(GHG) emissions into the environment (Majeed and Luni

2019). As a result, agricultural growth has environmental

consequences (Gokmenoglu and TaspinarPeyraud et al.,

2014;, 2018; World Bank, 2007).

Global climate change has been increased as a result of this

predicament. From 2015 through 2018, average annual

temperatures were the highest in history, demonstrating the

extent to which global warming has accelerated (World

Meteorological Organization, 2017). GHG emissions

continue to rise, hitting a new high in 2017; these

emissions are the primary driver of global warming (Qiao

et al., 2019; Wen et al., 2021). The levels of CO2, methane, and

nitrogen oxide gas in the atmosphere increased to 405.5 parts

per million (ppm), 1859 parts per billion (ppb), and

329.9 parts per billion (ppb), correspondingly (World

Meteorological Organization, 2017). Increased

concentrations of such pollutants have caused significant

ecological destruction (IPCC, 2014). Moreover, CO2 is

responsible for 70% of worldwide GHG emissions. Fossil

fuels, which constitute about 80% of global energy use, has

contributed to rising CO2 levels in the atmosphere (Yilanci

and Pata, 2020). CO2 emissions were 35.6 billion metric

tonnes in 2010, with a 7.6% increase to 43.2 billion metric

tonnes by 2040 (IEA, 2016). This illness is directly affected by

human activities (Baek, 2016). As a result, many academics are

interested in the link between energy use and CO2 emissions.

In 2018, global agricultural and related land use emissions

were 9.3 billion tonnes of CO2 equivalent (Gt CO2eq). More

than half of this amount was generated by crop and livestock

activity at the farm gate. Crop and livestock emissions were

14 percent higher in 2018 than in 2000. As a result, total farm

gate and land emissions from agriculture were around 4%

lower in 2018 (Figure 1).

Even though agriculture is the largest source of

CO2 emissions, the geographical spread and progress of

agricultural CO2 emissions are important contributors to

climate change (Lahiri Dutt, 2004; Muhammad et al., 2020).

Agriculture accounts for 14% of worldwide CO2 emissions, with

even higher percentages projected in the future. Carbon dioxide

emissions from agriculture grew between 2010 and 2016. Total

CO2 emissions from agricultural operations were 5088.7 Mt in

2010, and this figure has risen to 5285.5 Mt by 2016. Agriculture

generates 24% of greenhouse gas emissions directly and 0.87%

indirectly to the environment. Agriculturally based GHGs have

serious environmental consequences since GHGs are the primary

driver of climatic variations.

The agricultural sector is critical since it is a key source of

revenue and labor in emerging regions, particularly in Pakistan.

Pakistan’s agricultural industry contributes 23% of GDP and

employs 37% of the labor force, illustrating the importance of
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agriculture to the country’s economy. Rice is Pakistan’s main

crop, accounting for 6% of total pollution emissions, with

agricultural soil contributing 2.1%. Poor water management,

poor fertilizer applications, and a variety of agricultural

practices all contribute to increased pollution. Following the

2008 National GHG Inventory, agriculture accounts for 39%

of countrywide Carbon footprint in Pakistan (Khan et al., 2011).

According to the Government of Pakistan (2017), agriculture is

the second most significant contributor to GHG emissions.

Furthermore, this sector is responsible for feeding billions of

people worldwide. As a consequence, it exerts a significant effect

on assessing global environmental quality. Figure 2 Shows the

Contribution of different sub-sectors of agriculture in emission of

CO2 in Pakistan.

Like other world globalization in Pakistan is also increasing

after 1970 and this globalization affects the environmental

quality of Pakistan. The increase in globalization is

represented in Figure 3. Even though globalization affects

environmental quality via many channels and agriculture is

one prominent channel among them, but very little research

has been done in this context. Globalization has created a

situation in which finished products travel farther and more

often around the world than ever before. Higher goods

transportation can have several environmental consequences,

including increased emissions and exotic species. This

situation urges the researcher to conduct research on

agricultural production, energy consumption, and

CO2 emission in the globalization era.

This research study’s major objective is to look into the

relationships between Pakistan’s agricultural output, energy use,

economic expansion, and carbon dioxide emissions during

globalization and economic globalization. Researchers from

several fields concluded that increased crop production, non-

renewable energy use, and economic development in

industrialized nations are all contributing factors to

environmental degradation. By modifying the model for

agricultural production, energy consumption, economic

growth, and CO2 emissions, this study will help to close the

gap between earlier research. This study will offer policymakers a

FIGURE 1
Annual emission levels from crops and animals, as well as associated land use, and agriculture’s contribution to global GHG emissions from all
sectors, 2000–2018 (Source: FAOSTAT, 2020)

FIGURE 2
Total greenhouse gas emissions from the agriculture sector
in Pakistan. Source: FAOSTAT, 2018.
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fresh perspective on how to create important instruments for

balancing environmental quality and economic growth. This

research will also contribute whether economic globalization

and globalization have any impact on carbon emission.

Several studies in Pakistan have used linear models to

investigate Carbon footprints and their relationships to

energy utilization, economic progress, agricultural

intensification, organic fuel usage, green and renewable

energy, economic and population growth, forest and

agricultural production, and sustainable energy disposal.

In this paper, we show how agricultural productivity and

energy consumption affect CO2 emissions in Pakistan in a

non-linear way in the face of globalization. The current

study’s findings will help Pakistan build policies to attain

agricultural sustainability by considering the effects of

globalization and implementing steps to decrease the

negative environmental consequences of agricultural

operations based on their degree of development.

Furthermore, policy proposals were made to reduce the

environmental effect of agriculture and animal production

while ensuring output development. Finally, the research

study offered approaches for Pakistan to participate to

ecological sustainability based on its level of development.

The following is the paper’s format: Our investigation of

current material is covered in the section on Related

Material. The technique of the inquiry is covered in the

section Methodology. The unit root tests, the Non-linear

autoregressive distributed lag (NARDL) model, and an

appraisal of long-run and short-run evidence are all

included in the Results and Discussion section. The

conclusion and recommendations section goes into the

study’s results as well as new policy solutions.

Some snippets from past literature

The amount of CO2 released is recognized as an important

metric for monitoring environmental damage. Many empirical

studies may be identified from the perspective of the agriculture

business. Agriculture CO2 emissions and agriculture economic

growth are inextricably linked. Asumadu-Sarkodie and Owusu

(2017) investigated GHGs emissions and livestock productivity

indices have very close link in Ghana from 1960 to 2013. By Liu

et al. (2017) identified that renewable energy, agriculture, and

environmental linkages in BRICS nations. CO2 emissions were

shown to be increased by all causes, including agricultural output.

Appiah et al. (2018) examined the association between the

agricultural production and greenhouse gas emissions in

designated emerging market economies between 1971 and

2014. Their findings revealed that a 1% raise in agricultural

and livestock productivity resulted in a 28% rise in

CO2 emissions. Gokmenoglu and Taspnar (2018) explored the

link among CO2 emissions, income growth, energy

consumption, and agribusiness in Pakistan. According to their

results, agriculture was inelastic and positive influence on

CO2 emissions. Perrier et al. (2019) investigated the impact of

several factors on emissions reduction in Europe between

2009–2014. Their results showed that Agriculture-related

greenhouse gas emissions grew in emerging nations while

remaining stable in wealthy countries. Alkan and Binatl

(2021) utilized the Structured Decomposition Method to

examine the causes of growing CO2 emissions in Turkey.

Using the Structured Decomposition Analysis technique, they

examined the primary drivers of CO2 emissions variation during

5-year intervals from 1990 to 2015. According to the statistics,

the variables of per capita spending and population increased

FIGURE 3
Trend of globalization in Pakistan.
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CO2 emissions, however the emission coefficient factor lowered

emissions. Other factors indicate the influence of the EU’s unified

approach on greenhouse gas emissions. When evaluating the

growth of agribusiness within the context of the Common

Agricultural Policy, Constantin et al. (2021) emphasized this

point. Because of the use of the cross-sectional linear regression

approach, they have been evaluated by environmental

requirements and labor efficiency.

In comparison, there has been little study into renewable

energy generation. Chen et al. (2019) evaluate Chinese data from

1980 to 2014 to find the link between renewable energy and

CO2 emissions. They claimed that using renewable energy

decreased CO2 emissions. Al-mulali et al. (2016) examined

data from 58 industrialized and underdeveloped countries and

discovered that renewable energy generation increased pollution.

Recently researcher added Agriculture and Globalization

Index in their research work. Shahbaz et al. (2016b)

investigated the impact of the globalization index on Turkey

from 1970 to 2010. They concluded that globalization reduced

CO2 emissions. Shahbaz et al. (2017) discovered that

globalization increases CO2 emissions in Australia from

1970 to 2012. According to Paramati et al. (2017),

globalization is increasing CO2 emissions. Haseeb et al. (2018)

explored whether globalization had a detrimental influence on

CO2 emissions in the BRICS countries. Leal and Marques (2020)

investigated how globalization raises CO2 emissions in certain

nations while decreasing emissions in others. Globalization,

according to Varsava (2003), has expedited the industrial

growth in underdeveloped nations. Asongu and Odhiambo

(2019) explored how trade openness enhances institution

optimism, which is required to generate economic growth in

developing nations. Globalization is a phenomenon with a

hidden objective intended at starving emerging economies

while benefitting wealthier nations. Whereas Rodrik et al.

(2004); Saud et al., 2018 contend that globalization establishes

a new entire globe architectural features in which widespread

affects (i.e., manufacturing battlegrounds and global financial

organizations) have as their primary goal enabling unrestricted

competition and increasing possibilities for labors to increase

their income.

Methodology

Theoretical framework

According to the theory of the scale of land management,

indirect factors like natural catastrophes might have an impact

on agricultural carbon emissions. Fiscal support for agriculture,

farmers’ per capita income, planting layout, pesticide input (Van

der Werf, 1996) and agricultural machinery input are all

discussed by Carroccio et al. (2016) and Trinh et al. (2021) in

their study. The higher the land management scale, the larger the

impacted agricultural area, and the greater the yield drop during

the same natural catastrophe will result in a greater difference

between the expected agricultural production and the actual

yield. Farmers with bigger land management scales are more

inclined to alter their original farming practices to make up for

the “loss” brought on by natural disasters, which has an impact

on agricultural carbon emissions. Farmers on a bigger land

management scale focus more on preserving the land for

sustainable usage in terms of financial support for agriculture.

Soil-testing formula fertilizers and slow-release fertilizers can

both benefit from subsidies in order to decrease the amount of

chemicals required and improve use efficiency. Subsidies

encourage the adoption of less hazardous and toxic

agrochemicals, which lowers carbon emissions. A purchase

incentive for agricultural equipment can also dramatically

boost the investment intensity of farmers with larger business

scales’ machinery and equipment, encourage the use of fossil

fuels, and raise carbon emissions. The desire of farmers to grow

grain can be greatly increased by an increase in the direct grain

and producer subsidies gained by farmers with a big planting

scale, which will increase the area of grain planting and support a

relative reduction in the carbon emissions of planting. Increases

in per capita income can cause peasants with larger land

management scales to have higher energy needs for

agricultural production. Peasants’ need for electricity, natural

gas, and other energy sources for living and working will also rise

at the same time. Agricultural carbon emissions will rise under

the rigid conditions that the energy needs of the entire society are

dominated by carbon-based energy. Due to their varied

development characteristics, different crops require varying

amounts of agricultural chemicals, such as insecticides and

fertilizers. Food crops produce less carbon than cash crops,

according to studies. As a result, carbon emissions tend to

decline as the share of food crop operations scale rises.

Peasants with bigger management scales are more likely to

adopt new technologies like effective fertilization, which

minimizes environmental pollution and carbon emissions

while increasing the efficiency of chemical input requirements.

The amount of input that agricultural technology requires

impacts the scale of land management, which in turn

influences agricultural carbon emissions. The scale of land

management will become more extensive as a result of

increased mechanization, which will speed up the

consumption of energy sources like petroleum fuels and

consequently raise carbon emissions. In conclusion, using

agricultural machinery helps increase agricultural output

efficiency while also somewhat lowering carbon emissions.

Data and its sources

We utilized data from World Development Indicators and

the Government of Pakistan Economic Survey from 1971 to
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2021. Table 1 shows the details of the variables employed in the

current study:

Model specification

Agriculture, although a major cash sources but is also

contributed to the increase in environmental degradation. At

one hand, agriculture sector promoting economic growth but

on the other hand, it also contributes to CO2 emissions and

environmental degradation. The main aim of this study is to

test whether agricultural sector could contribute to air

pollution (carbon dioxide emission level) in Pakistan. In

the literature, carbon dioxide is considered the main

driver of air pollution and environmental quality. From

this point of view, the following model is suggested in this

study:

CO2 � f(GDP, E, A,U,T,G) (1)
where CO2 denotes carbon dioxide emissions (kt), E represents

energy consumption (kt of oil equivalent), GDP is real income, U

represents urbanization, T represents trade, A stands for the

agricultural proxy and G stands for Globalization.

Equation (2). Is used to measure the log-run relation of

CO2 emission which is an expanded form of Eq. (1):

CO2 � δ0 + δ1Agrt + δ2GDPt + δ3ECt + δ4tradet + δ5KOFFIt

+ δ6URBt + εt

(2)
where CO2, denotes CO2 emissions, Agrt denotes agricultural

productivity, GDPt denotes GDP per capita, ECt denotes energy

consumption, Tradet denotes international trade, KOFFIt
represent globalization, Urbt denotes urban population, and εt
is the error term. Respecify Eq. (1) above we get the ARDL

Cointegration model equation as follows.

CO2t� δ0 + Σn
i�1η1ΔAgrt−1 + Σn

i�1η2ΔGDPt−1 + Σn
i�1η3ΔECt−1

+Σn
i�1η4ΔTradet−1 + Σn

i�1η5ΔKOFFIt−1
+Σn

i�1η6ΔURB + δ1Agrt−1 + δ2GDPt−1 + δ3ECt−1
+δ4Tradet−1 + δ5KOFFIt−1 + δ6URBt + μt (3)

Where q is the lag of independent variables, η represents the

short-term representation of Variables and λ repents the long-

term representation of variables.

ΔECFt � ω0 +∑m

i�1ω1ΔCO2t−i +∑m

i�1ω2ΔGDPt−i

+∑m

i�1ω3ΔECt−i +∑m

i�1ω4ΔTradet−i

+∑m

i�1ω5ΔKOFFIt−i +∑m

i�1ω6ΔURBt−i + δECTt−1 + μt

(4)

Where, ECTt−1 is the error correction term and δ indicates the

speed of adjustment. We expect a negative relationship between

ECM and the dependent variable.

The following step is to modify Eq. 3 so that it can be used to

calculate the asymmetric effects of agricultural production on

CO2 emissions. To that end, using the partial sum idea proposed

by Shin et al. (2014), Agr is separated into two new time-series

variables (positive and negative changes) as follows.

Agr+t � ∑t

i�1ΔAgr
+
t +∑t

i�1max (ΔAgr+t , 0) (5)
Agr−t � ∑

t

i�1ΔAgr
−
t +∑

t

i�1max (ΔAgr−t , 0) (6)
where theAgr+t indicates an increase in agricultural productivity,
while Agr−t indicate a decrease in agricultural productivity. After

substituting these new variables for the original variable in Eq. 2,

our extended model is as follows:

CO2t � η0 +∑q

i�1η1 CO2( )t−1 +∑q

i�1η4 Agr( )+t−i
+∑q

i�1η4 Agr( )−t−i +∑q

i�1η6 GDP( )t−i +∑q

i�1η7 EC( )t−i
+∑q

i�1η7 Trade( )t−i +∑q

i�1η8 GlOB( )t−i
+∑q

i�1η9 URB( )t−i + λ1CO2t + λ4 Agr( )+t + λ4 Agr( )−t
+ λ6 GDP( )t + λ7 EC( )t + λ8 Trade( )t + λ9 GlOB( )t
+ λ10 URB( )t + μt

(7)

TABLE 1 Variable Description and Data sources.

Variable Symbol Definition Data sources

Dependent variable

Agricultural Production Agr Agricultural value added (% of GDP) WDI

Independent Variables

CO2 emission CO2 CO2 emissions (kt) WDI

GDP per capita GDP GDP per capita (constant 2015 US$) WDI

Energy use EC Energy use (kg of oil equivalent per capita) WDI

Trade Trade Trade (% of GDP) WDI

Globalization Koff Globalization Index KOFF

Urbanization URB Urban population (% of the total population) WDI
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Shin et al. (2014) label models such as the asymmetric time

series ARDLmodel in Eq. 7, and the partial sum technique results

in nonlinearity. For current research Globalization index and

Economic Globalization index. So, now the equations are as

follows:

CO2t � η0+∑q

i�1η1 CO2( )t−1 +∑q

i�1η4 Agr( )+t−i +∑q

i�1η4 Agr( )−t−i
+∑

q

i�1η6 GDP( )t−i +∑
q

i�1η7 EC( )t−i
+∑

q

i�1η7 Trade( )t−i +∑
q

i�1η8 GlOBE( )t−i
+∑

q

i�1η9 URB( )t−i + λ1CO2t + λ4 Agr( )+t + λ4 Agr( )−t
+ λ6 GDP( )t + λ7 EC( )t + λ8 Trade( )t + λ9 GlOBE( )t
+ λ10 URB( )t + μt

(8)
Where.

GLOB represent globalization index and GLOBE represents

economic globalization in above equation.

Results and discussion

Unit root test

In this study, we assess the tendency of a unit root test over a

time series using Fisher-PP tests by Phillips and Perron, (1988)

without the structural break. Additionally, the right model is

picked if the integration guidelines for the chosen variables are

found. The existence of the unit root under the alternative

hypothesis is the null hypothesis of stationarity in the PP test.

Table 2 displays the outcomes of the Phillips Perron unit root

test. The findings of the unit root test show that several variables,

such as CO2, AGRI, GDPCN, GOBE, and GOB, have a unit root

issue at a level, while LEC, TRADE, and URB are stationary at

level I (0). However, all of the series’ variables become stationary

at I at the first difference (1). The Nonlinear Autoregressive

Distributed Lag (NARDL) cointegration model was introduced

by Pesaran et al., in 2001 to address the problem.When a variable

has stationarity and a combination of I (0) and I (1), the NARDL

method can handle it. Even with a tiny sample size, this model is

superior and consistently yields accurate findings (Ghatak and

Siddiki, 2001). Endogeneity is another crucial problem that arises

during estimate. As suggested by Pesaran et al. (2001) the

endogeneity problem can be resolved by adding lags and

making the model dynamic.

TABLE 2 Phillip Perran Unit root test.

At level At 1st difference

t-Statistic Prob t-Statistic Prob Decision

CO2 −0.5839 0.8648 −4.2073 0.0016*** I (1)

AGRI −2.3066 0.1739 −6.4708 0.0000*** I (1)

GDPCN 0.5021 0.9852 −5.8829 0.0000*** I (1)

LEC −3.3785 0.0165** −2.2968 0.177 I (0)

TRADE −3.5872 0.0095*** −7.2016 0.0000*** I (1)

URB −4.393 0.0009*** −1.477 0.5368 I (0)

GOBE −2.1542 0.2252 −6.5735 0.0000*** I (1)

GOB −0.8072 0.8083 −5.2981 0.0001*** I (1)

(*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1% and (no)

Not Significant.

TABLE 3 Breusch-Godfrey Serial Correlation LM Test.

Breusch-godfrey serial correlation lm test

F-statistic 0.4587 Prob. F (2,24) 0.6375

Obs*R-squared 1.7673 Prob. Chi-Square (2) 0.4133

Source: Author own estimations

TABLE 4 Short run Results.

Variable Model 1 Model 2 Model 3

C -2.1867 -2.2753 -1.8949

-0.0016 -0.0072 -0.0082

AGRI_POS(-1) 0.0310 0.0309 0.0283

-0.0030 -0.0037 -0.0065

AGRI_NEG (-1) -0.0202 -0.0216 -0.0162

-0.0237 -0.0621 -0.0843

LEC 0.2900 0.2844 0.3545

-0.1014 -0.1192 -0.0455

TRADE -0.0065 -0.0064 -0.0076

-0.0006 -0.0020 -0.0003

URB -0.3592 -0.3491 0.0026

-0.1990 -0.2279 -0.0864

GDPCN 0.0008 0.0008 0.0006

-0.0031 -0.0038 -0.0064

GOB -0.0004

-0.8470

GOBE 0.0025

-0.2370

CointEq (-1) -0.8380 -0.8426 -0.8072

0.0000 0.0000 0.0000

Source: Author own estimations.
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Serial correlation LM test

Information about the data diagnostic testing is provided in

Table 3. We do not reject the null hypothesis that there is no

serial correlation because the probability value is greater than

0.05 and the table shows that there is no serial connection among

the variables.

Table 4 contains the short run results of NARDL model. We

have divided our study into three models. The first model is

simple nonlinear model in the absence of globalization and

economic globalization for detection of asymmetric impact of

AGRI on the CO2 emissions. The second model detect the

behavior of AGRI with CO2 emissions in the presence of

globalization (GOB) while third model is used to determine

the impact of AGRI on CO2 emissions in the presence of

economic globalization (GOBE). According to the short run

results for model one the AGRI_POS shows significantly

positive impact on carbon emission as 1 unit increase in the

AGRI_POS led to 0.031 unit increase in the CO2 emissions.

Whereas AGRI_NEG shows negative and significant effect on

CO2 emissions as 1 unit decrease in the AGRI cause 0.020 units

decline in the CO2 emissions. Other controlled variables

including TRADE and URB possess positive relationship with

CO2 emissions, however, URB is statistically insignificant. 1 unit

increase in TRADE decreased the CO2 emission by 0.006 units,

whereas 1 unit increase in URB cause CO2 emission to decline by

0.359 units. GDPCN and LEC on the other hand positive

relationship with CO2 as 1% increase in LEC likely to

increase CO2 emissions by 0.290% and 1 unit increase in

GDPCN cause CO2 to increase by 0.0008 units.

Results of model two indicates that in the presence of

globalization AGRI_POS, LEC and GDPCN shows positive

impact on CO2 emissions, LEC is statistically insignificant. As

1 unit increase in AGRI_POS increases CO2 emissions by

0.0390 units, 1% increase in LEC increase CO2 emissions by

0.284% and 1 unit increase in GDPCN likely to increase CO2 by

0.0008 units. Whereas AGRI_NEG, TRADE, URB and GOB

shows negative relationship with CO2 emissions. LEC, GOB and

URB are statistically insignificant. 1 unit increase in AGRI_NEG

likely to decline CO2 by 0.0216 units, 1 unit increase in TRADE

decreased CO2 by 0.0064 units and 1 unit increase in GOB

resulted in decline of CO2 by 0.0004 units.

According to the results of model two, in the presence of

economic globalization, AGRI POS, LEC, URB, GOBE, and

GDPCN have a positive impact on CO2 emissions. As 1 unit

increase in AGRI POS increases CO2 emissions by 0.0283 units,

1% increase in LEC increases CO2 emissions by 0.354%, one unit

increase in URB increases CO2 emissions by 0.0026 units, and

one unit increase in GDPCN increases CO2 emissions by

0.0006 units. A unit increase in GOBE is likely to result in a

0.0025 unit increase in CO2. AGRI NEG and TRADE, on the

other hand, show a negative relationship with CO2 emissions.

1 unit increase in AGRI_NEG is expected to reduce CO2 by

0.0162 units, while 1 unit increase in TRADE reduced CO2 by

0.0076 units.

According to the ECM results, the ECM coefficient value for

each of the three models is (−0.837), (−0.842), and (−0.807),

respectively. As can be seen above, the value of ECM in the long

run relationship should be negative and substantial in practical

outcomes, demonstrating the cointegration of the variables.

According to this ECM number, the annual deviation

adjustments for models 1, 2, and three are around 83%, 84%,

and 80%, respectively. This demonstrates the three models’

stability and quickness of correction. In other words, because

the ECM coefficient is quite large, the short deviation’s

adjustment to the long run time route happens very quickly.

In any case, the endogenous variables are the elasticities that

show the short-run impact on CO2 emissions, and the ECM

model is thought to be stable. According to the ECM value, the

shocks from the previous year created disequilibrium as

compared to the long-run equilibrium in the current year.

NARDL long run results

The environmental consequences of globalization are a

hot topic in international trade policy circles. Globalization

has both beneficial and harmful environmental

consequences. It has the potential to worsen current

environmental concerns while also setting the groundwork

for their resolution. People in high-income nations are

becoming more environmentally conscious, prompting

large corporations to adopt environmentally friendly

industrial practices. This finally enhances the

environmental standards in these countries. Globalization,

despite its positive consequences, has the potential to harm

the environment. Globalization may harm environmental

quality through increasing production scale, energy

consumption, international transportation, and

uncontrolled depletion of natural resources, particularly in

civilizations that use ecologically unfriendly technologies.

So, in current research we conducted a in depth study how

globalization and economic globalization affect environment

via agricultural production. We developed three model. In

model there is not any role of globalization for the sake of

comparison we included globalization and economic

globalization in model two and three respectively.

This study used three models to determine the effect of

agricultural production on CO2 emissions along with other

controlled variables including GDPCN, LEC, TRADE and

URB. First model provided the impact of AGRI_POS and

AGRI_NEG in the absence of both globalization and

economic globalization. Second model includes the impact of

agricultural production on CO2 in presence of globalization

while third model contains economic globalization. The long

run results depicted in Table 5 concluded the asymmetric
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behavior of agricultural production with CO2. According to the

results AGRI_POS has positive and significant impact on

CO2 while AGRI_NEG has negative impact in all three

models. As 1 unit increase in AGRI_POS increases the

CO2 emission by 0.0370 units, 0.0367 units and 0.0351 units

for model 1, two and three respectively. According to Lynch et al.

(2021) agriculture is the main contributor to the global warming.

While livestock and changes in land use account for a significant

portion of emissions, crop production also makes up around 14%

Hillier et al. (2009).

This positive trend demonstrates that Pakistan’s

CO2 emissions climb as agricultural production increases. Our

findings back up Holly’s (2015) claims that nitrous oxide and

methane emissions from soil management and livestock practices

are a significant contributor to CO2 emissions in agriculture.

Additionally, the agriculture industry emits CO2 since it employs

non-renewable energy sources like fuel and oil for irrigation.

According to Reynolds and Wenzlau (2012), agriculture requires

a lot of fossil fuel to pump water, irrigate crops, and make

nitrogen-rich fertilizer, which accounts for 14%–30% of all

greenhouse gas emissions. According to the IAEA report,

agricultural operations account for 30% of all greenhouse gas

emissions, primarily as a result of the use of chemical fertilizers,

pesticides, and animal manure. Due to the rising global

population’s increased demand for food, the increased

demand for dairy and meat products, and the intensification

of agricultural processes, this rate is only going to continue to

increase. Last but not least, in order to protect their crops,

farmers utilize nitrogen-rich fertilizers, which also increase

CO2 emissions. One of Pakistan’s key economic sectors,

agriculture contributes 18.9% of the country’s GDP in 2021

(Pakistan Bureau of Statistics).

According to results of Sui and Lv (2021) the increase in

agriculture inputs in crop production, leading to agricultural

CO2 emissions increasing with a growth rate of 36.2%. Both

conventional and contemporary farming techniques are used.

Modern farming techniques including organic farming, solar

tube well irrigation, and tunnel farming are widely used in

irrigated areas where vegetables and fruits are grown. It has

been seen that large farms use these modern agricultural

techniques to boost production, cut labor requirements, and

minimize greenhouse gas emissions (Panhwar et al., 2019).

However, the bulk of Pakistan’s farmland is owned by small

farmers who continue to practice conventional farming practices

that contribute to greenhouse gas emissions. Xu and Lin (2019)

and Li et al. (2020) on the other hand also found that the modern

agricultural activities using nonrenewable resources are now

becoming the major contributor in greenhouse gas emissions

due to their high input material and energy consumption that as a

result discharge high level of pollutants. In addition to utilising

more and heavier quantities of pesticides, chemicals and

fertilizers are also significantly contributing to the rise in

CO2 emissions (Onder et al., 2011). Our findings are also

supported by Gokmenoglu and Taspinar (2018); Qiao et al.

(2019).

According to long-term data, there is a negative correlation

between AGRI_NEG and CO2 emissions, which means that for

each unit increase in agricultural production in models 1, 2, and

3, CO2 emissions will reduce by 0.0241, 0.0256, and 0.0201 units,

respectively. Because more fossil fuel energy sources, fertilizers,

and pesticides are used in agriculture, as a result there is a

negative impact on CO2 emissions because these factors have

been linked to environmental degradation. The productivity of

the agricultural sector also falls because of the economic

structural shift from agriculture to the industrial and services

sectors, which also results in a reduction in CO2 emissions from

agricultural production. In Pakistan, it is especially crucial to

consider potential solutions to lower emissions from the livestock

production. The use of climate-smart agricultural methods also

lowers CO2 emissions from agriculture Imran et al. (2018).

Improved animal feed and feeding techniques that lower the

amount of methane and nitrous oxide produced during digestion

and the decomposition of manure, improved breeding, modified

manure storage and management practices, increase productivity

and create carbon sinks are some technologies and practices that

can increase the efficiency of livestock production while reducing

emissions (Shahzad and Abdulai, 2021).

TABLE 5 Long-run results.

Variable Model 1 Model 2 Model 3

AGRI_POS 0.0370 0.0367 0.0351

−0.0009 −0.0013 −0.0025

AGRI_NEG −0.0241 −0.0256 −0.0201

−0.0143 −0.0426 −0.0645

GDPCN 0.0012 0.0012 0.0011

0.0000 0.0000 0.0000

LEC 0.8562 0.8733 0.7446

0.0000 −0.0001 −0.0003

TRADE −0.0128 −0.0127 −0.0132

0.0000 0.0000 0.0000

URB −0.0316 −0.0300 −0.0282

−0.2913 −0.3362 −0.3579

GOB −0.0005

−0.8463

GOBE 0.0031

−0.2448

Source: Author own estimations.
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Our research showed that GDP and CO2 emissions have a

long-term and short-term positive relationship. Our research

indicates that a 1 unit increase in GDPCN will probably result in

CO2 emissions rising by 0.0012, 0.0012, and 0.0011 units in

models 1, 2, and three respectively. Although this scenario

appears promising from a macroeconomic standpoint because

GDP growth is associated with the creation of jobs and greater

living standards, economies must pay the price in terms of

environmental quality decline. All of these studies

demonstrate that GDP has a favorable impact on

CO2 emissions levels in various economies. For example Mitić

et al. (2017); Riti et al. (2017); Caporale et al. (2019); Zhang and

Zhang (2020). According to Brock and Taylor, (2010), three key

factors, including the scale of production, the composition of the

means of production, and the use of technology for production,

have a significant impact on the relationship between economic

growth and environmental quality. Due to the economic activity

represented by a sizable number of firms that produce

CO2 emissions, it is typical for emerging countries’ economies

to experience rising CO2 emissions as their economies grow on

average Khan et al. (2020). As Pakistan is not a very large

economy and having low GDP, its effects on CO2 emissions

are very minor. These minor adverse effects may be due to the old

equipment and technology used in the production of goods and

services.

Our findings reveal the positive relationship of energy

consumption with CO2 emissions. Our study results are in

line with that of Hu et al. (2021). According to results 1%

increase in LEC contributes 0.8562%, 0.8733% and 0.7446%

increase in the CO2 emissions in model 1, two and three

respectively. This substantial rise in CO2 emissions is

primarily due to Pakistan’s primary energy supply mix.

According to National Electric Power Regulatory

Authority’s (NEPRA) 2020 yearly report Pakistan’s total

installed power generation capacity, which is 38,700 MW,

57 percent of the country’s energy comes from thermal

sources (fossil fuels), 31% from hydroelectricity, 4% from

renewable sources (wind, Sun, and bagasse), and 8% from

nuclear power. In Pakistan’s overall energy mix, a shift from

non-renewable to renewable energy sources could help cut

carbon dioxide emissions. The increase in energy use in the

industrial, transportation, and agricultural sectors is another

factor contributing to the rise in CO2 emissions. Industry,

transportation, and agriculture account for 35%

(13.94 MTOE), 32% (12.74 MTOE), and 25% (9.96 MTOE)

of total energy consumption, respectively. The Pakistani

government has not done much to address difficulties with

renewable energy sources and environmental change despite

this dire position (Raheem et al., 2016; Wen et al., 2021).

Trade shows a significant negative relation with

CO2 emissions in each of three model. Long run NARDL

results reveals that the trade reduces the emissions of carbon

in both absence and presence of globalization and economic

globalization. 1 unit increase in trade resulted in the reduction of

CO2 by 0.0128, 0.0127 and 0.0132 units inmodel 1, two and three

respectively. This pattern demonstrates how environmental

protection was improved and cutting-edge technology was

implemented together with the rapid economic development

brought on by greater global trade. The majority of nations

are aware of how important it is to lower carbon emissions. As a

result, improvements in pollution prevention and control were

made, and carbon emission reductions were made to some extent

Gao et al. (2021). These variations are connected to certain

phases, dynamics, and continuity aspects of how international

trade affects carbon emissions. Sun et al. (2019), Abbas et al.

(2022) also considered green innovation, and energy efficiency

responsible for the reduction of CO2 emission due to trade.

Wang et al. (2018), Ali et al. (2022) discovered that raising the

rate of economic growth and boosting international commerce

are helpful for improving environmental effects. Our results are

also supported by the findings of (Misaki et al., 2018; Li and

Wang, 2019).

The long run examined results of NARDL shows positive but

insignificant impact of economic globalization in case of

Pakistan. The results indicate that 1 unit increase in economic

globalization will increase CO2 emissions by 0.0031 units. The

results of economic globalization show that as investment

between Pakistan and other nations increase, developed

nations are encouraged to invest there. At the same time,

developed nations are shifting their pollution-producing

industries to Pakistan, which accelerates environmental

degradation (Khan et al., 2019). The results of the economic

globalization study are consistent with earlier ones like Danish

and Wang, (2018) and Ahmed et al. (2015) investigated how

economic globalization has affected natural resources. The

results under close examination revealed that economic

globalization is destroying the natural resources that lead to

environmental deterioration.

Globalizations seem to have a little but detrimental

impact on CO2 emissions. As 1 unit more GOB will

probably result in 0.0005 unit decreased CO2 emissions.

The transfer of advanced technology and knowledge from

other nations is too responsible for this negative influence of

globalization, which will not only reduce the demand for

energy produced by conventional sources but also minimize

the energy demand. The establishment of new businesses

equipped with cutting-edge and creative technologies

enhances production while consuming less energy Shahbaz

et al. (2016a). The transfer of technology from developed to

developing countries, aids in the promotion of the division of

labor and raises the overall labor productivity of various

countries according to Shahbaz et al. (2017). This shows

that globalization declines CO2 emissions via income

effect, scale effect and technique effect. Our study also

linked with the results of Antweiler et al. (2001) and

Liddle (2001).
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Bound test

The results of the bound test of the ARDL model are shown

in Table 6. In order to avoid the computed F-stat becoming

invalid in the model suggested by Pesaran et al. (2001) the above

bound test assumes that there are only variables with the orders I

(0) or I (1) and none with I (2). The table lists upper and lower

limits for various confidence intervals. For model selection, our

models rely on a 95% confidence interval. Indicating a long-term

cointegration between the variables in both models, the F-stat

value of our bound result for our model is 5.269, larger than the

upper bound value of 3.21.

Structural stability test

USUM and CUSUM of the square test, first introduced by

Brown et al. (1975), are now commonly utilized. This test is

performed using a visualization of the sum of recursive

residuals. The plotting charts for this exam show two

straight red lines. A single blue line is inserted between

these two lines to reflect the proportion of the important

link. Because we rejected all of the expected variables, our

data is nonlinear if blue lines overlap red lines. However, we do

not dismiss projected variables that indicate that our data is

linear if the plot remains contained inside two straight lines.

However, the cumulative test can also show whether the

coefficient of regression is changing unexpectedly. The

CUSUM test detected whether the coefficient of the

variables changes consistently. Figure 4 depicts CUSUM

Square graphs for all three models. According to the

CUSUMSQ testing, the blue line for all three models

surpassed a little more than two redlines, but the models

are still dependable.

Conclusion

Concern grows as the risk of climate change caused by carbon

dioxide emissions persists. Identifying the factors that cause

emissions and devising mitigation measures, particularly

within the framework of sectors and sub-sectors, is critical in

this context. Agriculture, like many other industries, emits

CO2 and may be affected by climate change. As a result, the

current study employed NARDL to analyze data from 1971 to

2021 to estimate the uneven impact of agricultural output on

CO2 emissions under the globalization scenario. The

findings demonstrated that agricultural production, energy

consumption, globalization, and CO2 emissions are linked in

both the short and long run. Indeed, as evidenced by the

FIGURE 4
CUSUMSQ.

TABLE 6 Bound test results.

F-bound test

Value Signif. (%) I (0) I (1)

5.26974 10 1.92 2.89

5.416037 5 2.17 3.21

4.993186 2.50 2.43 3.51

1 2.73 3.9
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current study’s findings, agricultural output was effective in

increasing emission increases in the face of globalization.

Consequently, our findings will contribute significantly to

the process of developing and refining policies targeted at

reducing agricultural emissions and ensuring agricultural

sustainability.

In view of the findings in our study agriculture production,

GDPCN, LEC, are significant contributor of carbon emissions

however trade has negative impact on CO2 emission. However,

impact of globalization and economic globalization found to be

insignificant with carbon emissions.

Policy recommendations

Following are the recommendations which helps reduce the

carbon emissions in Pakistan:

1.Since increased agricultural production greatly increases

carbon emissions, it is important to take steps to increase

agricultural productivity without compromising food

security. Prior to creating rules to restrict pesticides and

chemical fertilizers, the government ought to set up a

mechanism for evaluating the agricultural green

economy. The environment is contaminated, agricultural

carbon emissions rise, and soil health is harmed by the

overuse of chemical and agricultural fertilizers. Therefore,

according to the features of the local agricultural growth,

local governments should create regulations on the use of

pesticides, chemical fertilizers, and other elements. Second,

the relevant authorities need to adopt policies to encourage

the development of modern agricultural facilities, the

support role of research and technology, high-quality

agricultural development, and environmentally friendly

agricultural growth. Third, adapt agricultural

development to regional conditions. The backbone of

the national economy is agriculture. Regional factor

endowments are more of a constraint on agricultural

productivity in the narrow sense. To close the regional gap in

the effects of agricultural production efficiency and agricultural

carbon emission intensity, strategies must be developed in

accordance with local realities.

2Energy consumption has significantly positive impact on

carbon emission due to large consumption of fossils fuels and

other nonrenewable resources in the vehicles and electricity

production. The government should therefore focus on the

use of renewable energy production resources like wind, solar

and hydel etc. The use of nonrenewable will cut down the cost

of production and significantly reduces the carbon emissions.

3.Based on our research, trade contributes to a decrease in

carbon emissions. Pakistan relies heavily on imported goods

and services, which results in lower domestic production and

a corresponding drop in carbon emissions. Therefore,

businesses in Pakistani industries must be encouraged to

import eco-friendly (green) technology by imposing the

lowest possible tariffs. Similar incentives must be offered to

promote R&D in the industrial sector so that businesses can

improve both their production and energy consumption

efficiency. In order to encourage industries to adopt the

green idea, the government must also provide special

incentives in the form of tax relief or exemption. This will

allow exporters to increase export variety and assist Pakistan

in reducing environmental degradation.

4.In the last but not least, government should promote organic

farming so that CO2 emissons can be reduced. Furthermore,

technological innovation in different agricultural practices

can reduce CO2 emissions by promoting energy efficiency.
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