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livestock production on CO, emissions in Tiirkiye for the period 1980-2022.

Design/Methodology/Approach: In the study, the ARDL bounds test approach, known for providing reliable
results even in small samples, is employed to examine the factors affecting CO, emissions and to reveal the
model’s short and long-run relationships. During the analysis process, the stationarity of the variables is first
evaluated with ADF and PP tests, and then long-term relationships is determined. The reliability of the model
is verified with various diagnostic tests, and the effects of the variables on CO, emissions is revealed.

Findings: The ARDL test results indicate that there is a long-run cointegration relationship between the
variables. According to the calculated long-run coefficient results, renewable energy consumption, crop
production and livestock production have a decreasing effect on CO, emissions. On the other hand, gross
domestic product and urbanisation are determined as factors that increase CO, emissions.

Originality/Value: It is noteworthy that studies on the impact of crop and livestock production on CO,
emissions in Tiirkiye are limited. It is estimated that the inclusion of factors such as renewable energy, GDP
per capita and urbanisation in the model will provide a projection for both the literature and policy
recommendations for improving environmental quality in Tiirkiye.

Keywords: Agriculture activities, ARDL bounds test, environmental quality, renewable energy.

Bitkisel ve hayvansal iiretim karbon emisyonlarint nasil etkiler? Tiirkiye’den
ampirik kanitlar

Ozet

Amac: Bu calismanin temel amaci, Tiirkiye’de 1980-2022 donemine ait veriler dogrultusunda yenilenebilir
enerji kullanimy, ticari agiklik, gayri safi yurt i¢i hasila ile bitkisel ve hayvansal iiretimin CO, emisyonlari
iizerindeki etkilerini analiz ederek, tarimsal faaliyetlerin gevresel kalite {izerindeki roliinii ortaya koymaktir.

Tasarim/Metodoloji/Yaklasim: Calismada CO, emisyonlarim etkileyen faktorleri incelemek ve modelin
kisa ve uzun donem iliskilerini ortaya koymak i¢in kiigiik 6rneklemlerde dahi giivenilir sonuglar vermesiyle
bilinen ARDL sinir testi yaklagimi kullanilmigtir. Analiz siirecinde 6ncelikle degiskenlerin duraganligit ADF
ve PP testleri ile degerlendirilmis, ardindan uzun donemli iliskiler tespit edilmistir. Modelin giivenilirligi
¢esitli tanisal testler ile dogrulanmakta ve degiskenlerin CO, emisyonu {iizerindeki etkileri ortaya
konulmaktadir.

Bulgular: ARDL testi sonuglari, degiskenler arasinda uzun dénemli bir esbiitiinlesme iliskisi oldugunu
gostermektedir. Hesaplanan uzun dénem katsay1 sonuglarina gore, yenilenebilir enerji tiikketimi, bitkisel tiretim
ve hayvansal tiretim CO, emisyonlarini azaltici etkide bulunmaktadir. Buna karsilik, gayri safi yurt i¢i hasila
ve kentlesme CO, emisyonlarini artiran faktorler olarak belirlenmistir. Ticari agiklik degiskeni istatistiksel
olarak anlamli bulunmamisgtir.

Ozgiinliik/Deger: Tiirkiye'de bitkisel ve hayvansal iiretimin CO, emisyonlar: iizerindeki etkisini ele alan
caligmalarmn smirl oldugu dikkat cekmektedir. Yenilenebilir enerji, kisi basina diisen GSYIH ve kentlesme
gibi faktorlerin modele dahil edilmesi yapilacak analizler ile Tiirkiye’de ¢evre kalitesinin artirilmasia doniik
gerek literatiire gerekse de politika Onerileri igin bir projeksiyon olusacagi tahmin edilmektedir.

Anahtar kelimeler: Tarimsal aktiviteler, ARDL sinir testi, cevresel kalite, yenilenebilir enerji.
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INTRODUCTION

Carbon emissions released into the atmosphere as a result of human activities such as industrialization,
transportation, and energy production cause global climate change, leading to serious environmental problems
worldwide (Citak et al., 2021; Ozturk et al., 2022; Dag and Aktas, 2024; Sagynay and Karatas, 2024). In this context,
many countries aim to ensure environmental sustainability while maintaining economic growth and develop policies
to improve environmental quality (Zhou et al., 2024). Developing effective policies and strategies to reduce the
adverse effects of greenhouse gases on climate change requires firstly the accurate and comprehensive identification
of the activities and sectors from which these gases originate. Thus, the measures to be taken to reduce greenhouse
gas emissions can become more targeted and sustainable (Inekwe et al., 2020).

Understanding the environmental threats posed by carbon emissions on a global scale has necessitated
countries to reshape their climate policies. In this regard, it is important to determine the main factors that cause carbon
emissions in order to ensure environmental sustainability. The diversity of economic activities and the level of
development of countries directly affect the level of greenhouse gas emissions. In this framework, the environmental
impacts of factors such as economic growth, trade openness, energy use, urbanization and agricultural production
have increasingly become the subject of research. Theoretical approaches and empirical findings on the relationship
between these variables and carbon dioxide emissions are discussed in detail below.

Sustainable development is a multidimensional process that encompasses not only economic growth but also
the preservation of environmental quality (Todaro and Smith, 2020). In this framework, it is of great importance to
establish the relationship between economic growth and environmental quality and to develop appropriate policy
instruments for this relationship. Grossman and Krueger (1991) examined the relationship between per capita income
and environmental pollution, inspired by Simon Kuznets' (1955) model analysing the relationship between economic
growth and income distribution. They defined this relationship as an 'inverted U'. According to this definition, in the
initial stages of economic growth, the use of natural resources intensifies due to the increase in industrialisation,
urbanisation and energy consumption, and thus environmental pollution levels increase. However, after the per capita
income exceeds a certain threshold, the sensitivity of the society to environmental issues increases, environmental
protection measures become widespread, and cleaner production technologies are adopted due to the influence of
public pressure and environmentalist policies. As a result of this process, environmental degradation slows down and
it is observed that pollution levels tend to decrease (Panayotou, 1993; Dinda, 2004). With this approach, the
relationship between environmental quality and economic growth has started to be examined more intensively in the
literatiire, and carbon dioxide (CO>) emissions have been widely used as one of the main indicators of environmental
pollution (Raihan, 2023; Akinc et al., 2024; Cetin and Can., 2024; Xuan, 2025).

In addition to economic growth, trade openness also has significant effects on environmental quality. Two
different approaches to the impact of trade openness on the environment stand out in the literature. According to the
first approach, trade openness increases the level of income, raises environmental awareness and thus positively affects
environmental quality (Hossain, 2011; Shabani and Shahnazi, 2019; Zhang, 2021; Cetin et al., 2023). The other
approach argues that trade openness causes environmental destruction through increased production and
industrialization activities (Ren et al., 2014; Rahman et al., 2020; Chen et al., 2021; Cetin et al., 2022; Bibi and Jamil,
2025).

The use of renewable energy is one of the main factors affecting environmental quality. Compared to fossil
fuels, renewable energy sources emit much lower levels of carbon and make a significant contribution to
environmental sustainability in economic growth processes (Paramati et al., 2017; Bak et al., 2021). Many empirical
studies have found that the use of renewable energy reduces carbon emissions (Dogan and Seker, 2016; Liu et al.,
2017; Adams and Acheampong, 2019; Okumus, 2020; Fatima et al., 2021; Bashir et al, 2023, Cetin and Can, 2024).

With the modernization of societies, urbanisation has become one of the important determinants of
environmental degradation. The increase in urbanisation, housing, transportation and entertainment areas has led to
an increase in carbon dioxide emissions (Ali et al., 2017; Ma and Ogata, 2024). The rapid and irregular urbanization
process has brought environmental problems such as increased use of natural resources, decreased biodiversity, and
increased air pollution (Xu et al., 2024). However, it is possible to reduce these effects through sustainable urban
planning practices.

Agriculture is a comprehensive field of activity that includes obtaining crop and animal products, increasing
the productivity and quality of these products, storing them under appropriate conditions, processing them and offering
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them to the market. In this context, the crop and livestock sectors are two main areas that directly affect environmental
quality. The livestock sector, in particular, plays a role in accelerating climate change by releasing greenhouse gases
such as nitrous oxide, methane and carbon dioxide into the atmosphere (McMichael et al., 2007; Celik, 2024).
Similarly, the agricultural sector also causes an increase in CO- and other greenhouse gas emissions due to intensive
resource use (Raihan, 2023). With the increasing need for food production, the intensification of fertilizer, water,
energy and fuel use increases emissions (Raihan et al., 2022; Zhou et al., 2022). In addition, the implementation of
environmentally eco-agricultural and livestock policies can contribute to emission reductions in the long term
(Rehman et al., 2021). While large-scale crop production (intensive farming) increases oxygen emissions, reducing
fertiliser use and reducing energy-intensive feed consumption through organic farming practices can reduce
greenhouse gas emissions (Lee and Choe, 2019). It is useful to explain the mechanism of how crop and livestock
production reduces CO, emissions. Photosynthesizing plants store carbon in their bodies. This helps to reduce the
level of CO; in the atmosphere. Similarly, since the increase in animal husbandry will increase the production of
plants, which are the basic nutrients of animals, this situation affects CO, emissions in a reducing direction. Moreover,
using animal manure instead of chemical fertilizers can also reduce CO, emissions (Ozbay, 2024). There are different
views in the literature on the impact of crop and livestock sectors on CO, emissions. While some studies argue that
these sectors increase emissions (Ayyildiz and Erdal, 2021; Balogh, 2022), others have suggested that they can reduce
emissions (Liu et al., 2017; Cetin et al., 2020; Zhou et al., 2022; Chowdhury et al., 2022; Raihan, 2023; Zhang et al.,
2022).

Tiirkiye is among the countries with a weak performance in terms of climate change performance (Ozbek and
Ozbek, 2024). Due to insufficient climate policies, low utilization of renewable energy, and a heavy reliance on
imported fossil fuels to meet its energy needs, Tiirkiye ranks 53rd out of 63 countries in terms of greenhouse gas
emissions performance, according to the Climate Change Performance Index (CCPI, 2025). While CO; emissions per
capita were 2.70 tons in 1990, this value increased to 4.95 tons in 2023 (Our World in Data, 2025). This situation
shows that Tiirkiye needs to develop more effective policies both in combating climate change and in reducing CO,
emissions. Therefore, it is important to analyze the determinants that cause CO, emissions in Tiirkiye.

The main purpose of this study is to analyze the effects of renewable energy use, trade openness, urbanization,
gross domestic product, crop production, and livestock production on CO; emissions in Tiirkiye using data from the
period 1980-2022. The limited number of studies in the literature in which these variables are analysed together and
especially the inclusion of crop and livestock production variables in the model constitute the original contribution of
this study. Thus, it is thought that the study will contribute to the existing literature in this respect. In this context, the
long-run relationship between variables has been analysed by using the ARDL bounds test, one of the time series
analysis methods.

In the rest of the study, the relevant literature review, research methodology, data set and model, analysis
method, findings and conclusion sections are given respectively.

LITERATURE RESEARCH

In recent years, the increase in CO; emissions and their negative effects on the environment have accelerated
the studies on the factors that cause the formation of these emissions. When the studies on carbon dioxide emissions
in the literature are examined, it is seen that the relationship between CO, emissions and variables such as trade
openness, renewable energy, non-renewable energy and urbanisation are mostly focused. In this study, in addition to
these variables, the effect of crop and livestock production, which is included in the model, on CO, emissions is tried
to be explained. In this context, academic studies on the effect of these variables, which are the focus of the study, on
CO; emissions are given in Table 1.

When the literature is examined in general, it is noteworthy that there are limited studies addressing the impact
of crop and livestock production on CO2 emissions in Tiirkiye. In this context, the current study aims to fill this gap
in the literature by analyzing the impact of crop and livestock production on CO2 emissions in Tiirkiye.
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Table 1. Literature review on factors affecting CO: emissions

1(&;;1;111;);(5) g)orl::(;;y Variables Method Results
Sarkodie and Ghana CO,, CPI and LPI ARDL bounds CPI and LPI increase CO,
Owusu (2017) (1960-2013) test emissions.
Liu et al. (2017) 4 Southeast Asian CO,, GDP, REC, FMOLS, DOLS increasing AVA reduces CO,
Countries NEC and AVA emissions.
(1970-2013)
Cetin et al. (2018)  Tirkiye CO,, GDP, GDP?, ARDL bounds URB increases CO, emissions
(1960-2014) URB and EC test
Cetin et al. (2020)  Tiirkiye CO,, GDP, REC and ARDL bounds AVA reduces CO, emissions
(1968-2016) AVA test
Ayyildiz and 184 Countries CO,, CPI and LPI DCCE Test CPI increases CO, emission
Erdal (2021) (1998-2014) only in lower middle-income
countries. LPI increases CO,
emission in all countries except
low-income countries.
Oztiirk and Saygin ~ Tiirkiye CO,, GDP, FDI and ARDL bounds TO increases CO, emissions
(2020) (1974-2016) TO test
Zhang et al. 9 ASEAN Countries  CO, EC, TO, NEC FMOLS AVA reduces CO, emissions
(2021) (2000-2020) and AVA
Balogh et al. 152 Non-EU CO,, GDP, GDP?, FMOLS, DOLS  AVA reduces CO, emissions.
(2022) Countries AE, AVA and EA Agricultural activities has a
(2000-2018) negative impact on the
environment
Zhou et al. (2022)  China CO,, CPI, LPIL, GDP, ARDL bounds LPI reduces CO,emissions. CPI
(1971-2019) EC and TO test increases CO; in the short term.
Chowdhury et al. Bangladesh CO,, N,O, AVA, LPI, FMOLS, LPI and CPI reduce CO,
(2022) (1985-2017) AE, RF and CPI DOLS, CCR
Raihan (2023) Vietnam CO,, EG, EC and ARDL bounds AVA reduces CO, emissions
(1984-2020) AVA test
Bashir et al. 10 Countries CO,, GDP, URB, FD CS-ARDL, Urbanization leads to
(2023) (1995-2019) and REC AMG, CCEMG  environmental degradation.
and FMOLS
Ozbay (2024) Tiirkiye CO,, CPI, LPIL, FPI ARDL bounds FPI increases CO, emission,
(1990-2020) and AVA test CPIL, LPI and AVA increase
CO; emission.
Ngoc Xuan (2025) India CO, NEC, REC, POP, FMOLS and REC reduces environmental
2000-2023 REC and GDP DOLS, pollution.

Explanation: AE: Agricultural Equipment, LPI: Livestock Production Index, AVA: Agricultural Value Added, CO,: Carbon Emissions, CPI: Crop
Production Index, EC: Energy Consumption, EG: Economic Growth, FD: Financial Development, FDI: Foreign Direct Investment, FPI: Food
Production Index, GDP: Real income per capita, GDP* Real income per capita square, PD: Population Density, POP: Population NEC: Non-
renewable Energy Consumption, REC: Renewable Energy Consumption, RF: Rice Field, TO: Trade Openness, URB: Urbanization

RESEARCH METHODOLOGY

This study examines the effects of economic growth, trade openness, urbanisation, renewable energy use and
crop and livestock production on CO; emissions in Tiirkiye. In the study, firstly, explanations about the data set and
the model are given. Then, the theoretical framework for the analyses to be applied is presented and the findings
obtained are evaluated in detail. The analysis process includes unit root test, diagnostic and structural break tests,
ARDL bounds test and estimation of short and long run coefficients. Finally, a general evaluation of the results of the
analyses is presented.

DATA SET AND MODEL

In this study, the impact of crop production, Livestock Production, Urbanisation and trade openness on CO,
emissions in Tiirkiye is examined using data for the period 1980-2022. This period represents a timeframe in which
Tiirkiye implemented outward-oriented economic policies, experienced an accelerated process of industrialization and
urbanization, and witnessed increasingly pronounced environmental challenges. The preferred period allows for a
long-term analysis of the environmental impacts of trade openness, particularly in relation to crop and livestock
production. The variables used in the analysis, along with detailed explanations of these variables, are provided in
Table 2.
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Table 2. Description of the data set

Degisken

Degiskenler Aciklamasi Kisaltmas Kaynak
Environmental pollution CO; per capita (m-tonnes) InCO, Our Word in Data
Economic Growth (lze()rICSa%l;is(t}glt)) InGDP World Bank Data
Urbanisation Urban Population InUR World Bank Data
Trade Openness Trade (% of GDP) InTR World Bank Data

The Share of Primary Energy
Renewable Energy Consumption consumption from Renewable InRE Our Word in Data
sources

Crop Production Crop Production Index InCPI World Bank Data
Livestock Production Livestock Production Index InLPI World Bank Data

Livestock production index includes meat and milk from all sources, dairy products such as cheese, and eggs,
honey, raw silk, wool, and hides and skins. The crop production index shows each year's agricultural production based
on the 2014-2016 base period. It includes all crops except forage crops. The trade openness variable is a measure that
reflects the degree of an economy’s external openness and integration into global trade, and it is calculated as the ratio
of total trade volume (exports + imports) to GDP. Finally, the 'urban population' variable, used to represent the level
of urbanization, represents the proportion of the total population living in urban areas.

The variables of trade openness, urbanisation, gross domestic product, crop production, livestock production
and renewable energy consumption in this study were determined by taking advantage of studies in the literature such
as Sarkodie & Owusu (2017), Cetin et al. (2020), Oztiirk & Saygin (2020), Zhou et al. (2022) and Bashir et al. (2023),
Ngoc Xuan (2025). In this respect, all variables are included in the model by taking their natural logarithms and the
functional form of the model is presented below:

InC02; = By + f1InGDP; + B,InUR, + B3InTR; + B4InRE; + L5InCPI; + B¢InLPI, + u, 1

In Equation 1, In denotes the natural logarithm, the t represents the time dimension. The parameters i, B2, B3,
B4, Ps and B in the model correspond to the estimated coefficients, while u; represents the error term. Detailed
explanations of GDP, UR, TR, RE, CPI and LPI variables are given in Table 3.

METHODOLOGY

In this study, the relationship between CO; variable and gross domestic product, urbanisation, trade openness,
per capita renewable energy consumption, crop production and livestock production variables will be examined. It is
important to test the stationarity of the series in order to avoid spurious regression in the analysis and to determine the
appropriate cointegration method. In this context, firstly, Augmented Dickey-Fuller (ADF-1981) and Phillips-Perron
(PP-1988) unit root tests will be applied to examine whether the series of variables are stationary or not. These tests
will be applied in the form of two models as constant and constant-trend. The equation representation of these models
are as follows.

p
AYt =c+ 6Yt_1 + Z (SiAYt_i + U
i=1
l v 2
AY, = ¢+ Bt + 8Y,_, + Z SAY, ; +u,

i=1

In Equation 2, u, denotes the error term, ¢ denotes the intercept term and S denotes the coefficient.

After the unit root test, cointegration analysis is performed to determine the long-run relationship between the
variables. In this context, ARDL test will be applied in this study after the unit root test. Since the ARDL bounds test
developed by Pesaran et al. (2001) does not require all variables to be stationary at the same level, the ARDL test can
be used as a cointegration test in cases where the variables are stationary at different levels. Within the scope of this
test, critical value tests can be performed with the help of F and t statistical tests. The equation for the cointegration
relationship is given below.
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m n k l
AlnCOZt = Qg + z aiAlnGDPt_i + ZﬁiAanRt—i + z yiAlnTRt_i + Z a)iAlnREt_i

i=1 i=0 i=0 i=0 3

! l
+ Z w;AInCPI,_; + z w;AInLPI;_; + u,.
i=0 i=0
Here, a;, B;, Vi, w; coefficients indicate the short-run relationship between the variables, while J;, 85,83, 8,
coefficients indicate the long-run relationship. The m,n, k, [ expressions also mean appropriate lag lengths. The null
hypothesis stating that there is no cointegration relationship is as follows.

H0=61=62=63=64=0 4

In the ARDL bound test, two critical values as 1(0) and I(1) are calculated. If the F-statistic obtained as a result
of the test is less than the lower bound value of 1(0), the null hypothesis regarding the existence of cointegration
relationship cannot be rejected and it is accepted that there is no long-run relationship between the variables. If the
obtained statistic value is greater than the upper limit value of I(1), the null hypothesis is rejected and it is concluded
that there is a cointegration relationship between the variables. However, if the test statistic is between both boundary
values, the decision is uncertain and a definite judgement cannot be made about the cointegration relationship. In this
context, the error correction model that examines short-term dynamics is presented below.

k l m n
AlnCOZt = Qg + Z aiAGDPt_i + z BiAanRt'—i + z yiAlnTRt_i + Z w; AlnREt_i
i=0 i=0

i=1 i=0 5
k k

+ Z WACPI,_; + Z MALPI,_; + @ECM;_; + u;
i=1 i=1

If the term ¢ (ECM), expressed as the correction coefficient, is statistically significant and negative, it is said
that the deviations that will occur in the short term in the model with a long-term relationship will be balanced after a
certain period of time.

FINDINGS

Descriptive statistics of the variables used in the study are given in Table 3.

Table 3. Descriptive statistics of variables

InCO, InGDP InUR InTR InRE InCPI InLPI
Mean 1.204835 8.835576 17.53325 3.754742 2.472592 4.376174 4.134312
Median 1.216299 8.744617 17.58331 3.843626 2471377 4.413646 3.961384
Maximum 1.652941 9.550741 17.99685 4.396547 2911464 4.830631 4.922241
Minimum 0.504609 8.247271 16.80522 2.838483 2.052114 3.937301 3.668422
Std. Dev. 0.341171 0.382185 0.329036 0.311938 0.219160 0.242452 0.379949
Skewness -0.483686 0.271920 -0.539966 -0.656035 0.006486 -0.155585 0.748992
Kurtosis 2.126991 1.884248 2.367029 3.618217 2.483374 2.072499 2.177194
Jarque-Bera 3.042167 2.760354 2.807373 3.769163 0.478502 1.714777 5.233394
Probability 0.218475 0.251534 0.245690 0.151893 0.787217 0.424269 0.073044
Observations 43 43 43 43 43 43 43

Table 3 presents the descriptive statistics of explanatory variables such as InCO,, InGDP, InUR, InTR, InRE,
InCPI, and InLPI. These statistics describe the characteristics of the series. As can be seen from the table, the variables
with the highest mean and median values are InUR and InGDP, respectively. InRE and InCPI are the indicators with
the lowest standard deviation. Furthermore, InCO- and InRE are the variables with the lowest maximum and minimum
values. The skewness values close to 0 and kurtosis values close to 2 in the table indicate that the series are normally
distributed. The results obtained from the Jarque-Bera test show that the null hypothesis stating that the series are
normally distributed cannot be rejected and, therefore, all series follow a normal distribution.

In the literature, unit root tests have been widely used to investigate the effects of shocks on series and to test
whether the series are stationary. While the effects of the shock disappear in the short term in stationary series, they
can be permanent in non-stationary series. In this context, in studies where time series analysis method is used, the
non-stationarity of the series can also cause the applied tests to give incorrect results. This situation is explained as a
spurious relationship between the variables. Therefore, in studies where time series analysis method is used, it is
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important to perform stationarity tests first in order to determine the correct relationship between variables (Tar1,
2019).

In the literature, various unit root tests are applied to determine whether the series are stationary or not. These
are Dickey-Fuller, Augmented Dickey-Fuller (1981), Phillips-Perron (1988) and Kwiatkowski, Phillips, Schmidt,
Shin's KPSS (1992) tests. In this study, Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests have been
used to test the stationarity of the series. The results of the unit root tests are given in Table 4.

Table 4. Unit root test results of the series

Constant
ADF PP AADF APP
(t-stat) (t-stat) (t-stat) (t-stat)
InCO, -2.158765 -4.759021%* 6.690688* -6.732529%*
InGDP 0.511820 1.326484 -6.712800%* -7.092726%*
LnCPI -0.586379 0.102125 -12.47447* -18.47555%
InLPI 1.266781 1.519337 -8.127812%* -7.237758*
InTR -2.334968 -2.333142 -5.359693* -5.840432%*
InRE -2.658781*** -2.583686 7.974011* -9.198684*
InUR -1.789160 -6.366405* 1.349018 -1.449850
Constant and Trend
ADF PP AADF APP
(t-stat) (t-stat) (t-stat) (t-stat)
InCO, -1.976622 -1.649662 -7.179629* -12.51676*
InGDP -2.171187 -2.200748 -6.755391* -7.901723*
InCPI -4.892878* -4.955220%* -12.47447* -21.05352%*
InLPI -0.825748 -0.695681 -8.127812%* -8.082621*
InTR -4.440362* -4.159105%* -5.359693* -5.613095*
InRE -2.999048 -2.943983 -7.974011%* -9.363737*
InUR -6.848420* -7.201354* -1.349018 -1.386151

Lag lengths are determined according to the Schwarz information criterion. The symbol A is used to denote the first difference. ***, ** * correspond
to the levels of 10%, 5%, and 1%, respectively.

When Table 4 is analysed, according to the ADF and PP test results in the model with constant, CPI, GDP, TR
and LPI variables are non-stationary at level, but stationary in their first differences at 1% significance level.
According to the ADF test, CO, variable is stationary at first difference, while it is stationary at level according to PP
test. According to the ADF and PP tests, the RE variable is stationary at the 10% significance level. The UR variable
is stationary only at the 1% significance level according to the PP unit root test. It is not stationary in the first
difference.

According to the ADF and PP test results in the model with constant and trend, while the CO,, GDP, RE, LPI
variables are non-stationary at level, they become stationary according to 1% significance level at first differences.
While CPI, TR and UR variables are stationary at level according to ADF and PP tests.

The fact that some of the variables are stationary at the level and some at first difference level requires the
ARDL bounds test to determine the cointegration relationship. However, before applying this test, the appropriateness
of the model and the results obtained from the diagnostic and stability tests to be performed for the model are
important. The diognastic test results of the model are given in Table 5.

Table 5. The result of diognastic test

Test Statistic Prob.
Breusch-Godfrey Autocorrelation 1.837776 0.1793
Breusch-Pagan-Godfrey Heteroscedasticity 0.480230 0.9095
Ramsey RESET 0.493533 0.6256
Jargue-Bera Normality Test 2.531887 0.2819

As seen in Table 5, there is no autocorrelation, heteroscedasticity and specification problems in the model.

In addition, the probability value of the Jargue-Bera normality test being greater than 0.05 shows that the error
terms are also normally distributed. In addition, the stability of the model has been tested with the help of Cusum and
CusumQ tests. The results of the stability tests are given in Figure 1.
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Figure 1. Stability test results

In Figure 1, the fact that the sum of consecutive errors and their sum of squares remain within a certain
confidence interval indicates that there is no structural break in the model. ARDL bounds test has been applied to
determine whether there is a long-run relationship between the series and the test results are given in Table 6.

Table 6. The result of the ARDL bounds test (ARDL, 2, 1, 2, 0, 0, 0, 1 Model)

K F-Statistic %1 Critical Value

1(0)
2.88

(1)

6 6.755296 3.99

According to the ARDL bounds test results given in Table 6, the F statistic value calculated for the model has
been found to be 6.76. Since this value is greater than the calculated 1(0) and I(1) critical values at 1% significance
level, the null hypothesis stating that there is no cointegration is rejected. After determining the cointegration
relationship between the variables, the short and long run coefficients of the variables have been estimated. The short-
run coefficients of the variables are given in Table 7.

Table 7. The result of the short run coefficients

Variables Coefficient Std. Error t-Statistic Prob.
D(COy(-1)) -0.152211 0.079326 -1.918810 0.0653
D(GDP) 0.871650 0.086232 10.10818 0.0000
D(CPI) -0.031577 0.097360 -0.324337 0.7481
D(CPI(-1)) 0.375020 0.102428 3.661294 0.0010
D(UR) -2.266443 0.385038 -5.886280 0.0000
ECM(-1) -0.549441 0.066850 -8.219061 0.0000

When Table 7 is analysed, the error term (ECM) is statistically significant at 1% significance level. The
coefficient of the error term is negative as expected. This indicates that short-term deviations in the model with a long-
run relationship will be offset after a certain period of time. The coefficient of ECM(-1) (-0.55) is statistically
significant and indicates that the deviation in the model will be corrected by 55% in each period.

Table 8. The result of the long run coefficients

Variables Coefficient Std. Error t-Statistic Prob.
InGDP 1.012532 0.242575 4.174090  0.0003
InCPI -1.070673 0.491959 -2.176346  0.0381
InLPI -0.260486 0.139046 -1.873380 0.0715
InTR -0.045826 0.073732 -0.621520  0.5393
InRE -0.189438 0.061730 -3.068809  0.0047
LnUR 0.771704 0.303717 2.540863  0.0169

When the results of the long-run coefficients in Table 8 are analysed, it is seen that the coefficients of GDP
and RE are statistically significant at 1% significance level and the coefficient of CPI, UR are statistically significant
at 5% significance level. LPI is statistically significant at 10%. Accordingly, a 1% increase in agricultural production
reduces CO» emissions by 1.07%, while a 1% increase in livestock production reduces CO, emissions by 0.26%.
These results indicate that increasing crop and livestock production increases environmental quality. The finding that
agricultural production increases environmental quality is similar to the results of Liu (2017), Cetin et al. (2020),
Balogh et al. (2022), Zhang et al. (2022) and the finding that livestock production increases environmental quality is
similar to the results obtained from Zhou et al. (2022), Chowdhry et al. (2022) and Raihan et al. (2023). A 1% increase
in renewable energy use reduces CO, emissions by 0.19%. Encouraging the use of renewable energy reduces CO-
emissions. On the other hand, a 1% increase in GDP increases CO; emissions by 1.01%. Accordingly, increasing
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economic growth has a negative effect on environmental quality. In addition, the coefficient of the TR variable
included in the model is negative and statistically insignificant.

In general, when the results of the analysis are evaluated, it is seen that there are no autocorrelation, changing
variance and specification problems in the model, the series are normally distributed and there is no structural break
in the model. In addition, according to the ARDL bounds test results, it is determined that there is a cointegration
relationship between the variables in the model.

CONCLUSION

This study aimed to examine the effects of trade openness, gross domestic product, urbanization, renewable
energy use, crop and livestock production on CO» emissions in Tiirkiye. There are previous studies on the current
issue conducted in different countries, and it is seen that different views are defended regarding the effects of trade
openness, crop production and livestock production on CO, emissions. However, it can be said that the number of
studies in the literature to examine the effect of crop and livestock production on CO; emissions is limited. In this
framework, the current study contributes to the literature; in addition, the fact that the variables used in the study have
not been considered together in the same model in previous studies reveals the originality of the study.

The study, which used data from 1980 to 2022, conducted an ARDL bounds test, revealing a long-term
cointegration relationship between the variables in the model. Analysis of the long-term coefficients showed that both
crop and livestock production reduce CO, emissions. It was concluded that crop production improves environmental
quality, and similarly, livestock production also contributes positively to environmental quality. Furthermore, the
estimation methods used in the study revealed that the coefficient of the crop production variable is quite high (1.07)
and that encouraging this type of production could significantly contribute to reducing CO; emissions.

The research findings reveal the importance of adopting eco-friendly policies in Tiirkiye in order to achieve
the goal of sustainable development. Implementation of sustainable and climate-friendly agricultural practices such
as increasing the amount of oxygen in the atmosphere by large-scale cultivation, activating irrigation systems in
agriculture and increasing soil fertility by reducing the use of chemicals will contribute to the reduction of CO,
emissions in Tirkiye. In addition, preventing the negative effects that deteriorate environmental quality, such as the
destruction of green areas and the intensive use of non-renewable and high energy as a result of rapid and unregulated
urbanization, will help create a cleaner and more livable environment.

This study reveals the main factors causing CO; emissions and provides an important framework on how
environmental quality can be increased as well as economic growth in the sustainable development process. Future
studies on this subject, addressing different factors that have a negative impact on the environment, will make
significant contributions to the existing knowledge in this field. In the sustainable development process, it is important
to determine the factors that deteriorate environmental quality and to implement stronger policies that will increase
environmental quality in this direction. Additionally, the transition to organic agricultural practices and the reduction
in pesticide and fertiliser use are expected to have a positive impact on environmental quality as part of the sustainable
development process. In this context, the study reveals the importance of supporting low-carbon technologies in order
to reduce emissions, implementing policies such as carbon taxes to reduce CO- emissions from fossil fuel use, and
encouraging the use of renewable energy in production processes. Furthermore, future studies that conduct more
detailed model analyses by separating the crop and livestock production indices into their components will contribute
to a deeper understanding of this relationship.

Contribution Rate of Researchers Declaration Summary
The authors declare that they have contributed equally to the article and have not plagiarized.
Conflict of Interest Declaration

The authors of the article declare that there is no conflict of interest between them.

371



Kartal et al., Cilt/Volume 31 Say1/Issue 1 Yil/Year 2025

REFERENCES

Adams, S. and Acheampong, A. O. (2019), “Reducing Carbon Emissions: The Role of Renewable Energy and
Democracy”, Journal of Cleaner Production, 240, 118245.

Akincet, V. Y., Yildirim, K. and Haciimamoglu, T. (2024), “Exploring the Impact of Economic Growth and Energy Consumption
on Environmental Pollution in the TR90 Region: An Insight from the MMQR Approach”, Ekonomi Politika ve Finans
Arastirmalart Dergisi, 9(4), 743-762.

Ali, H. S., Abdul-Rahm, A. S. and Ribadu, M. B. (2017), “Urbanization and Carbon Dioxide Emissions in Singapore: Evidence
From The ARDL Approach”, Environmental Science and Pollution Research, 24, 1967-1974.

Ayyildiz, M. and Erdal, G. (2021), “The Relationship Between Carbon Dioxide Emission and Crop and Livestock Production
Indexes: A Dynamic Common Correlated Effects Approach”, Environmental Science and Pollution Research, 28(1), 597-
610.

Bak, 1., Spoz, A., Zioto, M. and Dylewski, M. (2021), “Dynamic Analysis of The Similarity of Objects in Research on The Use of
Renewable Energy Resources in European Union Countries”, Energies, 14(13), 3952.

Balogh, J. M. (2022), “The Impacts of Agricultural Development and Trade on CO2 Emissions? Evidence From The Non-European
Union Countries”, Environmental Science & Policy, 137, 99-108.

Bashir, M. F., Pan, Y., Shahbaz, M. and Ghosh, S. (2023), “How Energy Transition and Environmental Innovation Ensure
Environmental Sustainability? Contextual Evidence From Top-10 Manufacturing Countries”, Renewable Energy, 204,
697-709.

Bibi, F. and Jamil, M. (2025), “Trade and Environmental Quality: A Spatial Econometric Approach”, Environment, Development
and Sustainability, 1-23.

Cetin, M., Ecevit, E. and Yucel, A. G. (2018), “Structural Breaks, Urbanization and CO2 Emissions: Evidence from Turkey”, J
Appl Econ Bus Res, 8(2), 122-139.

Chen, F., Jiang, G. and Kitila, G. M. (2021), “Trade Openness and CO2 Emissions: The Heterogeneous and Mediating Effects For
The Belt and Road Countries”, Sustainability, 13(4), 1958.

Chowdhury, S., Khan, S., Sarker, M. F. H., Islam, M. K., Tamal, M. A. and Khan, N. A. (2022), “Does Agricultural Ecology Cause
Environmental Degradation? Empirical Evidence From Bangladesh”, Heliyon, 8(6), 09750

Celik, S. (2024), “Bibliometric Analysis of Publications on The Effect of Animal Production on Climate Change From Past to
Present”, Frontiers in Earth Science, 12, 1402407.

Cetin, M. and Can, A. (2024), “Cin ve Hindistan Ekonomilerinde Yenilenebilir Enerji Kullanimi-Cevresel Bozulma iliskisi: Bir
Bootstrap Esbiitiinlesme Analizi”, Trakya University Journal of Social Science, 26(2), 581-596.

Cetin, M., Aslan, A. and Sarigiil, S. S. (2022), “Analysis of the Dynamics of Environmental Degradation for 18 Upper Middle-
income Countries: The Role of Financial Development”, Environmental Science and Pollution Research, 29(43), 64647-
64664.

Cetin, M., Sargiil, S. S., Topcu, B. A., Alvarado, R. and Karataser, B. (2023), “Does Globalization Mitigate Environmental
Degradation in Selected Emerging Economies? Assessment of the Role of Financial Development, Economic Growth,
Renewable Energy Consumption and Urbanization”, Environmental Science and Pollution Research, 30(45), 100340-
100359.

Cetin, M., Saygin, S. and Demir, H. (2020), “Tarim Sektdriiniin Cevre Kirliligi Uzerindeki Etkisi: Tiirkiye Ekonomisi I¢in Bir
Esbiitiinlesme ve Nedensellik Analizi”, Tekirdag Ziraat Fakiiltesi Dergisi, 17(3), 329-345.

Citak, F., Uslu, H., Batmaz, O. and Hos, S. (2021), “Do Renewable Energy and Natural Gas Consumption Mitigate CO2 Emissions
in the USA? New Insights from NARDL Approach”, Environmental Science and Pollution Research, 28, 63739-63750.

Dag, K. and Aktas, E. (2024), “Iklim Degisikliginin Tiirkiye Tarimuna Etkileri”, Tarim Ekonomisi Dergisi, 30(2), 173-181.

Dinda, S. (2004), “Environmental Kuznets Curve Hypothesis: A Survey”, Ecological Economics, 49(4), 431-455.

Dogan, E. and Seker, F. (2016), “Determinants of CO2 Emissions in The European Union: The Role of Renewable and Non-
Renewable Energy”, Renewable Energy, 94, 429-439.

Fatima, T., Shahzad, U. and Cui, L. (2021), “Renewable and Nonrenewable Energy Consumption, Trade and CO2 Emissions in
High Emitter Countries: Does The Income Level Matter?”, Journal of Environmental Planning and Management, 64(7),
1227-1251.

Grossman, G. M. and Krueger, A. B. (1991), “Environmental Impacts of a North American Free Trade Agreement”, NBER Working
Paper, (w3914).

Hossain, M. S. (2011), “Panel Estimation For CO2 Emissions, Energy Consumption, Economic Growth, Trade Openness and
Urbanization of Newly Industrialized Countries”, Energy Policy, 39(11), 6991-6999.

Inekwe, J., Maharaj, E. A. and Bhattacharya, M. (2020), “Drivers of Carbon Dioxide Emissions: An Empirical Investigation Using
Hierarchical and Non-hierarchical Clustering Methods”, Environmental and Ecological Statistics, 27(1), 1-40.

Kuznets, S. (1955), "Economic Growth and Income Inequality", The American Economic Review, XLV.

Lee, K. S. and Choe, Y. C. (2019), “Environmental Performance of Organic Farming: Evidence From Korean Small-Holder
Soybean Production”, Journal of Cleaner Production, 211, 742-748.

Liu, X., Zhang, S. and Bae, J. (2017), “The Impact of Renewable Energy and Agriculture on Carbon Dioxide Emissions:
Investigating The Environmental Kuznets Curve in Four Selected ASEAN Countries”, Journal of Cleaner Production, 164,
1239-1247.

372



How do crop and livestock production affect carbon emissions? Empirical evidence from Tiirkiye

Ma, B. and Ogata, S. (2024), “Impact of Urbanization on Carbon Dioxide Emissions—Evidence From 136 Countries and
Regions”, Sustainability, 16(18), 7878.

McMichael Anthony, J., Powles, J. W., Butler, C. D. and Uauy, R. (2007), “Food, Livestock Production, Energy, Climate Change,
and Health”, Series / Energy and Health 5, 1253-1263.

Ngoc Xuan, V. (2025), “Energy Factors Affecting Environmental Pollution For Sustainable Development Goals: The Case of
India. Energy”, Exploration & Exploitation, 43(1), 410-450.

Okumus, 1. (2020), “Tiirkiye’de Yenilenebilir Enerji Tiiketimi, Tarim ve CO2 Emisyonu iliskisi”, Uluslararast Ekonomi ve Yenilik
Dergisi, 6(1),21-34.

Our World in Data (2025) available at: https://ourworldindata.org/data, (accessed 20 May 2025).

Ozturk, S., Cetin, M. and Demir, H. (2022), “Income Inequality and CO2 Emissions: Nonlinear Evidence from
Turkey”, Environment, Development and Sustainability, 24(10), 11911-11928.

Ozbay, U. (2024), “Tiirkiye’de Tarimsal Faaliyetler Karbon Emisyonunu Etkiler mi? ARDL Testinden Elde Edilen Kamtlar”,
Turkish Journal of Agricultural and Natural Sciences, 11(2), 536-546.

Ozbek, S. and Ozbek, B. (2024). “Does Climate Change Strengthen the Link between Environmental Degradation and Agricultural
Output? Empirical Evidence on the Turkish Economy”, Tarim Ekonomisi Dergisi, 30(1), 49-60.

Oztiirk, S. and Saygin, S. (2020), “Tiirkiye’de 1974-2016 Déneminde Yapisal Kirilma Altinda Kisi Basina Reel Gelir, Dogrudan
Yabanci Yatirimlar, Ticari Aciklik ve Karbon Emisyonlart Arasidaki Iliski”, Sosyoekonomi, 28(44), 69-90.

Panayotou, T. (1993), Empirical Tests and Policy Analysis of Environmental Degradation at Different Stages of Economic
Development, ILO; Technology and Employment Programme: Geneva, Switzerland, 1993.

Paramati, S. R., Mo, D. and Gupta, R. (2017). “The Effects of Stock Market Growth and Renewable Energy Use on CO2 Emissions:
Evidence From G20 Countries”, Energy Economics, 66, 360-371.

Pesaran, M. H., Shin, Y. and Smith, R. J. (2001), “Bounds Testing Approaches to the Analysis of Level Relationships”, Journal of
Applied Econometrics, 16(3), 289-326.

Rahman, M. M., Saidi, K., & Mbarek, M. B. (2020). Economic Growth in South Asia: The Role of CO2 Emissions, Population
Density and Trade Openness. Heliyon, 6(5), ¢03903.

Raihan, A. (2023), “An Econometric Evaluation of The Effects of Economic Growth, Energy Use, and Agricultural Value Added
on Carbon Dioxide Emissions in Vietnam”, 4sia-Pacific Journal of Regional Science, 7(3), 665-696.

Raihan, A., Begum, R. A., Nizam, M., Said, M. and Pereira, J. J. (2022), “Dynamic Impacts of Energy Use, Agricultural and
Expansion, and Deforestation on CO2 Emissions in Malaysia”, Environmental and Ecological Statistics, 29(3), 477-507.

Rehman, A., Ma, H., Chishti, M. Z., Ozturk, L., Irfan, M. and Ahmad, M. (2021), “Asymmetric Investigation to Track The Effect
of Urbanization, Energy Utilization, Fossil Fuel Energy and CO2 Emission on Economic Efficiency in China: Another
Outlook”, Environmental Science and Pollution Research, 28, 17319-17330.

Ren, S., Yuan, B., Ma, X. and Chen, X. (2014), “International Trade, FDI (Foreign Direct Investment) and Embodied CO>
Emissions: A Case Study of Chinas Industrial Sectors”, China Economic Review, 28, 123-134.

Sagynay, A. and Karadas, H. A. (2024), “Cevre Kirliligi ve Ekonomik Biiyiime Arasindaki iliski: Kazakistan i¢in Cevresel Kuznets
Egrisi Uygulamasi”, Sosyal Bilimlerde Nicel Arastirmalar Dergisi, 4(2), 79-95.

Sarkodie, S. A. and Owusu, P. A. (2017), “The Relationship Between Carbon Dioxide, crop and Food Production Index in Ghana:
By Estimating the Long-run Elasticities and Variance Decomposition”, Environmental Engineering Research, 22(2), 193-
202.

Shabani, Z. D. and Shahnazi, R. (2019), “Energy Consumption, Carbon Dioxide Emissions, information and Communications
Technology, and Gross Domestic Product in Iranian Economic Sectors: a Panel Causality Analysis”, Energy, 169, 1064-
1078.

Tari, R. (2019), Ekonometri (14. Basim), Umuttepe Yayin No:32. Kocaeli.

Todaro, M. P. and Smith, S. C. (2020). Economic Development, 13th Edition. Washington, WA.

Xu, A., Song, M., Wu, Y., Luo, Y., Zhu, Y. and Qiu, K. (2024), “Effects of New Urbanization on China's Carbon Emissions: A
Quasi-Natural Experiment Based on The Improved PSM-DID Model”, Technological Forecasting and Social
Change, 200, 123164.

Zhang, J., Cherian, J., Parvez, A. M., Samad, S., Sial, M. S., Ali, M. A. and Khan, M. A. (2022). “Consequences of Sustainable
Agricultural Productivity, Renewable Energy, and Environmental Decay: Recent Evidence From ASEAN
Countries”, Sustainability, 14(6), 3556.

Zhang, L., Godil, D. L, Bibi, M., Khan, M. K., Sarwat, S. and Anser, M. K. (2021), “Caring for the Environment: How Human
Capital, Natural Resources, and Economic Growth Interact with Environmental Degradation in Pakistan? A Dynamic
ARDL Approach”, Science of the Total Environment, 774, 145553.

Zhou, G., Li, H., Ozturk, I. and Ullah, S. (2022), “Shocks in Agricultural Productivity and CO2 Emissions: New Environmental
Challenges For China in The Green Economy”, Economic Research-Ekonomska Istrazivanja, 35(1), 5790-5806.

Zhou, Y., Zhang, Z. and Lin, B. (2024), “The Impact of Economic Growth Targets on Environmental Pollution: A Study From
Chinese Cities”, Growth and Change”, 56(1), €70014.

373


https://ourworldindata.org/data

