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ABSTRACT

In recent years, population growth, urbanization, economic growth and the resulting increase in energy demand
have increased the use of natural resources and caused environmental degradation. Natural resources
agriculture, urbanization and energy policies gain importance in the realization of the objectives of protection,
reduction of environmental problems and environmental sustainability. In this paper, the impact of agricultural
value added, urbanization and energy consumption on environmental quality in MINT (Mexico, Indonesia, Nigeria,
Turkey) countries were analyzed for the period between 1992-2019. In the first stage of the study the panel
analysis was used then the existence of horizontal cross-section dependence between the variables was tested
and then the CIPS test was used to test the stationarity of the series. In the paper where the existence of
homogeneity was tested with the Delta test, the long-run relationship between the series was tested with the
Pedroni panel cointegration test. Finally, the effects of agricultural value added, urbanization and energy
consumption on the environment were analyzed by fully modified least squares estimator (FMOLS) analysis.
According to the FMOLS results, the increase in agricultural value added and urbanization rate has a negative
impact on environmental quality, while renewable energy consumption has a positive impact on environmental
quality. The results of the study show that more environmentally friendly policies should be developed and
implemented in the agricultural production process in the country group in question, renewable energy
investments and consumption should be increased, and the urbanization rate should be taken under control and
environmentally friendly new generation city plans should be put into effect urgently. Future studies on this
subject may focus on the environmental impacts of different sub-branches of the agricultural sector, different
types of urbanization and renewable energy policies in MINT countries.
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Introduction

The rapid increase in the global population today necessitates a corresponding rise in
agricultural production to meet the nutritional needs of this growing population. Considering the
upward acceleration in population growth, achieving the required levels of agricultural
production can only be realized through the implementation of appropriate agricultural
production processes (Clre, 2022: 99). On one hand, enhancing agricultural production involves
the use of inputs that nourish the soil and support productivity, while on the other hand, it entails
bringing new lands into cultivation by making them suitable for agricultural use. However, the
limited availability of arable land on Earth, coupled with the fact that a portion of existing land
has become unusable due to various reasons, underscores the necessity of obtaining higher
yields per unit area. Achieving greater productivity per unit area is possible through the
application of intensive farming practices (Peker, 2012: 48).
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However, the intensive agricultural practices employed result in the release of inorganic
substances that nature cannot absorb (Gller and Boriban, 2019: 4). Moreover, protective
policies aimed at meeting the nutritional needs of the current population play a significant role
in expanding agricultural production. Particularly in developing countries, factors such as the
use of nitrogen-based fertilizers and pesticides, the failure to protect natural habitats,
inadequate management of livestock waste, and the decline in biodiversity contribute to
environmental problems (Karaer and Gurltik, 2003: 198).

Another factor exerting negative impacts on the environment is the increase in urbanization.
Urbanization is a global phenomenon. Urban populations are growing not only in developed
countries but also in developing nations. According to data published by the World Bank, the
proportion of the global population living in urban areas relative to rural populations was 34% in
1960, rising to 39% by 1980, 47% by 2000, and 56% by 2020 (Sofuoglu et al., 2023: 205). The
World Health Organization estimates that by 2050, approximately 70% of the global population
will prefer to live in urban areas (UN, 2018). The global population growth is similarly reflected
in urban populations. Additionally, the concentration of industrialization in urban areas, relatively
higher wage levels in cities compared to rural areas, and easier access to social amenities such
as education, healthcare, and cultural facilities accelerate rural-to-urban migration and,
consequently, urbanization. Undoubtedly, urbanization offers various conveniences for both
individuals and society. However, the rapid pace of urbanization and the lack of planning bring
about numerous challenges and problems. In particular, the concentration of industrial activities
in or near urban areas and the reliance on fossil energy sources for production contribute to
environmental degradation (Akyol, 2023: 423).

The acceleration of urbanization exerts significant pressure on the global ecosystem, leading to
a gradual decline in resource availability and environmental carrying capacity. Often, the natural
structure of ecosystems is overlooked during urban development, and the failure to preserve
this natural structure poses increasing challenges to the resource and environmental carrying
capacity of the global ecosystem. Many cities do not consider the natural structure of
ecosystems during their development. Furthermore, rising demands for food, energy, and water;
increased resource and energy use; land-use transformations; individuals' pursuit of self-
satisfaction; and polluting emissions negatively alter the structure of natural ecosystems and
impair their functionality (Liu et al., 2023).

Similarly, energy use also has significant environmental impacts. Globally, energy consumption
has increased rapidly over the past century. Population growth, accelerated industrialization, the
development of new production methods and technologies, rising global prosperity, and the
consequent increase in total demand necessitate greater production and positively influence
energy demand (Bilgen, 2014; Panwar et al., 2011: 1514). Energy holds particular importance as
it is the fundamental input for all other production and consumption processes. Moreover,
energy is a critical determinant in sustaining economic growth and facilitating societal activities,
which has led to a significant increase in energy use in recent years (Pandey and Rastogi, 2019:
4233; Bilgen, 2017: 891). Indeed, according to the International Energy Agency (IEA), energy
demand in developing countries, which constitute approximately 85% of the global population,
has grown at an average annual rate of 2.6% over the past decade. This increase is primarily
driven by a population growth of 720 million and a 50% rise in economic output. Efforts to
leverage energy to accelerate growth and enhance societal welfare also bring about
environmental pollution (Akpan and Akpan, 2012: 21). Environmental degradation caused by
fossil energy use threatens sustainability and necessitates the development of plans by
policymakers worldwide to transition to renewable and low-carbon energy production.
According to the IEA (2024), the share of fossil fuels in global energy production has declined
from 82% in 2013 to 80% in 2023. During this period, energy demand increased by 15%, with
40% of this increase being met by clean energy sources, including renewables, nuclear energy,
and low-emission fuels such as carbon capture, utilization, and storage.
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The primary motivation of this study is to measure the negative environmental impacts of
population, food, and energy demand growth resulting from recent economic and social
improvements in developing countries. While the literature includes numerous studies
examining variables such as urbanization, energy consumption, and economic growth, this
study distinguishes itself by focusing on the MINT countries—Mexico, Indonesia, Nigeria, and
Turkey—for which similar analyzes are lacking. The rationale for focusing on the MINT countries
lies in their dynamic economic structures, high growth potential, and diverse energy policies.
The MINT countries face similar challenges in their industrialization and urbanization processes
and exhibit comparable agricultural production capacities. Additionally, rapid urbanization and
industrialization demands in MINT countries, driven by population growth, often overshadow
environmental considerations and the need for environmental protection. Therefore, analyzing
the environmental impacts of variables such as agricultural production, urbanization, and
renewable energy consumption in MINT countries will contribute to efforts aimed at achieving
sustainable development goals. Another reason for focusing on the MINT countries is the
limited availability of detailed analyzes in the literature for rapidly growing economies with
unique structures like these. Furthermore, while narrow indicators such as CO, emissions are
commonly used to assess environmental impacts, broader indicators like the ecological
footprint are rarely employed. This study aims to fill this gap by examining the impact of
agricultural value-added, urbanization, and renewable energy consumption on environmental
quality in MINT countries. The subsequent sections of the study are structured as follows:
literature review, dataset and methodology, results, and recommendations.

Literature review

A wide range of empirical and experimental studies exist in both developed and developing
countries that explore the reciprocal relationship between environmental degradation and
variables such as agricultural production (Asumadu & Owusu, 2016), economic growth (Apergis
& Payne, 2010; Wang et al., 2018; Odugbesan & Rijoub, 2020), energy consumption (Arouri et al.,
2012; Asif et al,, 2015; Ridzuan et al., 2020), urbanization (Azam & Khan, 2016; Al-mulali et al.,
2012; Shahbaz et al., 2016; Akyol, 2023), trade (Sun et al., 2019), population growth (Shi, 2003),
and foreign direct investment (Puhuong & Tuyen, 2018; Behera & Dash, 2017). These studies
have targeted different time periods and analyzed various countries. A significant portion of
these studies has considered CO, emissions as the environmental variable. In other words, the
existing literature often uses a single indicator to address environmental issues; however, a
single indicator neither measures general environmental conditions nor indicates an overall
reduction in environmental problems. In summary, studies that examine the relationship
between economic and social variables and the environment, while incorporating a more
detailed and comprehensive framework such as the ecological footprint, remain limited in the
literature.

Panwar et al. (2011), in their study analyzing the impact of renewable energy use on
environmental degradation, conducted an examination of CO, reduction through solar cookers,
water heaters, dryers, biofuels, improved stoves, and hydrogen. The findings emphasize the
need to reduce environmental degradation for clean and sustainable development. In this
context, the use of solar energy for drying agricultural products is a supportive factor for energy
savings in developing countries. Additionally, biodiesel derived from non-edible vegetable oils
reduces CO, emissions and petroleum consumption when used in place of traditional diesel.
Wind energy also offers significant potential for reducing greenhouse gas emissions.

Aktlrk and Giltekin (2024) examined the effects of food production on the ecological footprint
in Turkey for the period 1961-2018. Within this analytical framework, both food production and
its components—agriculture, livestock, and aquaculture—were analyzed separately. The results
indicate that food, agriculture, and livestock production increase the ecological footprint, while
aquaculture production reduces it. Furthermore, fertilizer use, agricultural land, GDP, population,
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and life expectancy at birth contribute to environmental degradation by increasing the ecological
footprint.

Xu et al. (2024) conducted a study covering the period 1990-2020 to assess the impact of
agricultural ecosystems on environmental footprints in China. The study identified long-term
cointegration among the variables and applied the ARDL technique to confirm the long-term
results. The findings revealed a positive relationship between agricultural ecological footprints
and factors such as agricultural land, energy consumption, fertilizer use, and agricultural
employment in the short term. In the long term, agricultural land, energy consumption, and
fertilizer use were also found to positively impact the ecological footprint. The authors
concluded that agricultural ecosystems are strained by intensive agricultural practices aimed at
increasing production. They recommended mitigating pressure on the ecological system by
reducing carbon emissions, promoting environmentally friendly industries, and enhancing the
country's land biocapacity.

Wang et al. (2022) analyzed the impact of agricultural value-added, renewable energy, and
globalization on the ecological footprint in four South Asian countries (Bangladesh, India,
Pakistan, and Sri Lanka) for the period 1990-2018. The study found a long-term relationship
among the variables, with renewable energy reducing the ecological footprint in the long term.
Globalization and agricultural value-added, however, increased environmental degradation. The
results also suggested that greater exploration of renewable energy sources and full utilization
of solar energy are necessary to reduce dependence on fossil fuels in these countries.
Additionally, the study highlighted the need to develop environmental awareness among
farmers, adopt efficient agricultural practices, and make the agricultural sector more
sustainable.

Aziz et al. (2020) evaluated the Environmental Kuznets Curve (EKC) hypothesis based on
quantile behavior in Pakistan for the period 1990-2018, examining the relationship between
economic growth, forest area, agricultural production, renewable energy, and environmental
degradation. Using the Quantile Autoregressive Distributed Lag (QARDL) approach, the study
employed the ecological footprint as an environmental indicator. The results confirmed the EKC
hypothesis for Pakistan. Renewable energy consumption and forest area were found to have
negative effects on the ecological footprint, suggesting that increasing renewable energy use
and forest area could minimize ecological footprints. Contrary to expectations, agricultural
production had statistically negative short-term effects on the ecological footprint, indicating
that adopting environmentally friendly techniques could reduce the ecological footprint in the
agricultural sector.

Another study examining the agricultural Environmental Kuznets Curve hypothesis was
conducted by Agboola and Bekun (2019) for Nigeria, covering the period 1981-2014. The study
supported a long-term equilibrium relationship among the variables and found that agricultural
activities contribute to carbon emissions. The study recommended reducing carbon-emitting
agricultural practices, such as bush burning, and adopting advanced agricultural production
methods like greenhouse farming.

Muoneke et al. (2022) used the Autoregressive Distributed Lag (ARDL) model to analyze factors
threatening sustainable environments, such as agriculture and globalization, in the Philippines,
using two ecological footprint indicators: carbon and non-carbon. The results indicated a long-
term relationship among the variables and supported the existence of an inverted U-shaped
Environmental Kuznets Curve hypothesis between agricultural development and the ecological
footprint in the Philippines. Initially, as agriculture develops, the ecological footprint increases;
however, as agriculture matures to produce efficiently and with low carbon emissions, the
footprint decreases.

Pata (2021) employed Fourier Cointegration and Causality tests to analyze the impact of
renewable energy production, globalization, and agricultural activities on the ecological footprint
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and CO, emissions in BRIC countries for the period 1971-2016. The cointegration test supported
a long-term relationship among the variables in Brazil and China. The results suggested that
globalization increases pollution indicators, while renewable energy production significantly
reduces environmental pressure in China. In Brazil, renewable energy production improved
environmental quality, while globalization increased CO, emissions. Causality results indicated
a bidirectional relationship between agriculture and environmental degradation, a unidirectional
relationship from globalization to ecological footprint and CO, emissions, and from renewable
energy production to ecological indicators. The analysis highlighted the significant role of
renewable energy use in combating environmental degradation.

Udemba (2021) analyzed the environmental impact of agriculture and foreign direct investment
in Pakistan, using data from 1970-2018. The study employed the ecological footprint as a
dependent variable and found that foreign direct investment and agriculture negatively affected
the ecological footprint. A causal relationship from foreign direct investment to the ecological
footprint was also identified, confirming the pollution haven hypothesis for Pakistan.

Udemba (2020) examined the emission levels from Nigeria's agricultural sector and the oil
industry managed by international companies, using the ecological footprint as an
environmental indicator for the period 1981-2018. The results showed a positive relationship
between economic growth and the ecological footprint in both the short and long term, while
foreign direct investment had a negative and significant relationship with the ecological
footprint. Agriculture had a negative relationship with the ecological footprint in both the short
andlong term. Energy use was positively related to the ecological footprint, negatively impacting
environmental performance. Granger causality findings indicated a unidirectional causality from
energy use to the ecological footprint and from population to the ecological footprint.

Data set and methodology

This study analyzes the environmental impacts of agricultural value-added (AGRVALADD),
urbanization (URBPOPGRW), and renewable energy (RENENR) in the MINT countries—Mexico,
Indonesia, Nigeria, and Turkey—over the period 1992-2019. The ecological footprint (EFP) is
used as the environmental indicator to assess environmental quality. Data on the ecological
footprint, which reflects environmental quality, were obtained from the Global Footprint Network
website. Data on agricultural value-added, urbanization, and renewable energy were sourced
from the World Bank website. The variables and data sources are presented in Table 1.

Tablo 1 Variables and data sources

Variables Data Sources

Ecological Footprint (EFP) Global Footprint Network
Urbanization (URBPOPGRW) World Bank

Renewable Energy (RENENR) World Bank

The study is limited to the year 2019 because the ecological footprint data is only available up
to that year. The panel data analysis model can generally be constructed as follows:

Yie = Qi + Bkit e+ Ui =T, Nt=T,,

In the model, Y represents the dependent variable, X represents the independent variables, o =
is the constant parameter, B; represents the slope parameters, and uu denotes the error term.
The subscript i refers to units such as individual, company, or country, while t represents time
units such as day, month, or year. In this study, the dependent variable is EFP, and the
independent variables are AGRVALADD, URBPOPGRW, and RENENR. The model is specified as
follows:

EFPy = a+ BiAGRVALADD; + B.URBPOPGRW; + BsRENENR; + &1 (1)
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The basic descriptive statistics for the variables used in the model, such as mean, standard
deviation, minimum, and maximum values, are presented in Table 2.

Tablo 2 Descriptive Statistics of the Variables

Variable Observations Mean Standard Deviation ~ Maximum Minimum
EFP 112 2.095714 .9309597 .85 417
URBPOPGRW 112 10.70364 2124625 10.36982 11.12805
RENENR 112 37.83661 29.72709 9 88.6
LAGRVALADD 112 2.998916 1.183063 1.218921 5.099975

To ensure the reliability of econometric analyzes, it is essential to test the validity of certain
assumptions. One such assumption is the stationarity of the series. If the series used in
econometric analyzes are non-stationary, the results obtained from such analyzes lose their
reliability. Analyzes conducted with non-stationary data often produce erroneous results. To test
the stationarity of the series, various unit root tests are employed. Before testing for stationarity,
the presence of cross-sectional dependence is examined to determine the appropriate unit root
test to use. First-generation unit root tests are applied when there is no cross-sectional
dependence among the series, while second-generation unit root tests are used when cross-
sectional dependence exists. In this study, cross-sectional dependence is tested using the LM
test developed by Pesaran, Ullah, and Yamagata (2008). The Breusch-Pagan (1980) LM test,
which is valid when the time dimension (T) and cross-sectional dimension (N) are large, does
not yield appropriate results when N approaches infinity.

The initial hypothesis based on the LM test statistic is formulated as follows:
Ho : cov (Uit, th) =p;=0

for all t-values, the relationship i#ji \neq j holds. The formulation of the Breusch-Pagan LM test
statistic, based on the null hypothesis, is as follows.

N-1 N
=2, 2,
i=1 J=i+1

In the equation, ﬁizj represents the sample estimate of the pairwise correlation between the
residuals i and j, which is calculated using the formula presented in the equation below.

T
~ A D=1 Cit€jt
Pij = Pji =

1 1
T 7 (vT 2
Cref)? Gy ejzt)z

In the equation, the expression ey is formulated ase; = y;; — & — B{x;. In this equation, u;,
represents the residual estimates, which correspond to the OLS estimation of the error term ey
(Pesaran, 2004). The LM test statistic follows an asymptotic x? distribution with N(N-1)/2
degrees of freedom (Pesaran, 2008). The LMag; test, which is a bias-adjusted version of the LM
test, is adapted for cases where both N and T are large. The LMaq test statistic is presented as

follows:
N-1 N R
v / 2 z z (T — k)p?; — urij
adj — — B
NN-D g &, vTij

In the equation, the expression ur;; represents the mean, while vy;; denotes the variance. The
LMaq; statistic provides the mean-variance bias-adjusted test statistic. Ho hypothesis presented
in Equation (1), as T — o and subsequently N—oo, converges in distribution to LMag =—4 N (0,
1). The results of the cross-sectional dependence test specific to individual units are presented
in Table 1. In addition to LMadj, three other cross-sectional dependence tests are conducted in
Table 3. While the results specific to individual units confirm the existence of cross-sectional
dependence, the panel-specific results indicate the absence of cross-sectional dependence.
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Following the assessment of cross-sectional dependence, the next step involves testing for unit
roots based on the obtained results.

Table 3 Cross-sectional dependence test

Specific to the Series CD LM CDIm [ Madj
EFP Statistics 28.499* 6.495* -3.027* 30.575%
P-Value 0.000 0.000 0.001 0.000
URBPOPGRW Statistics 29.643* 6.825* -2.834% 21.320*%
P-Value 0.000 0.000 0.002 0.000
RENENR Statistics 20.700* 4.243% -3705* 25.872*
P-Value 0.002 0.000 0.000 0.000
LAGRVALADD Statistics 19.330 3.848 -3.026* 9.681*
P-Value 0.004* 0.000* 0.001 0.000
Specific to the Panel LM LMCD LMadj
Statistics 8.234 0.9091 1.233
P-Value 0.2215 0.2176 0.3633

Note: * indicates significance at the 1% level.

The presence of cross-sectional dependence specific to the series necessitates the use of
second-generation unit root tests at the unit root testing stage. In the analysis, the stationarity
of the series is tested using the CIPS test, one of the second-generation unit root tests. The CIPS
test was developed by Im, Pesaran, and Shin (2003). The CIPS test is derived from the cross-
sectional augmented Dickey-Fuller (CADF) test.

In the CADF test, the extended form of the ADF regression is used, which includes lagged cross-
sectional averages. The hypothesis used to test the stationarity of the series in the CADF unit
root test is:

HoIBi =0

This hypothesis applies to all i's and asserts that the series contain a unit root. The alternative
hypothesis is:

H1: Bi <0
(i=1,2,...N)) B_i =0, i= N+1+Ni+2,...N which indicates that the test is conducted against the
alternative that at least one series does not have a homogeneous unit root. The CADF test

statistics show asymptotic similarity and do not depend on factor loadings. The expression for
the CADF test statistic is:

AYillvlwyi—l
6;(Yia' My, Yi_1)Y/?
as stated by Tatoglu (2017). In the equation:

ti(N, T) ==

Ay = (Byi1, Dizy - Dir) |, Yieq = (YiO'Yil'Yi,T—l)' My, =1 -WWWwW) W,
W = (T, AY, Y_l),‘[ = (1,1 e e .,1),, AY = (AY]_, AYZ, e .,AYT)’,
Yo, = (YOJYL -"--YT—l)’

My = It — Gi(G{G)"G{,Gi = W,Y; _y)
thus,
, AYM;,AY,
: T—-4
It is written as follows: The discrete version of ti (N, T), denoted as t; (N, T), is defined where K1
and Ky are positive constant values calculated through simulations.
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For models with a constant and trend, Ky =6.12, K, =4.16
For models with a constant but no trend, Ky =6.19, K, =2.61
For models with a trend, K1 =6.42, K, =1.70

The CIPS statistic can be considered as an extended version of the IPS test for cross-sectional
dependence. This test is calculated by taking the average of the t-values for each unit, which are
derived from the CADF test. The CIPS test statistic can be written as:

N
CIPS = N71 Z CADF;j

=1
and it is not asymptotically standard distributed. The CIPS test statistic has been calculated for
different NN and TT values based on 1%, 5%, and 10% significance levels and tabulated by
Pesaran (2007). The stationarity of the series is confirmed if the absolute value of the CIPS test
statistic exceeds the critical values. The reliability of the CIPS test statistic is valid for both N>T
and T>N cases. The results for the CIPS test statistic are presented in Table 4.

Table 4 CIPS test statistic

Variables cv10 cv5 cvl T Bar Probability
EFP Level -2.210 -2.330 -2.570 -0.444 0.997

AW -2.210 -2.330 -2.570 -4.312*% 0.000
URBPOPGRW Level -2.210 -2.330 -2.570 -1.746 0.511

AW -2.210 -2.330 -2.570 -3.386* 0.000
RENENR Level -2.210 -2.330 -2.570 -0.865 0.967

AW -2.210 -2.330 -2.570 -4.013*% 0.000
LAGRVALADD Level -2.210 -2.330 -2.570 -1.501 0.703

AW -2.210 -2.330 -2.570 -3.163*% 0.002

Note: * indicates significance at the 1% level.

The homogeneity of the intercept and slope parameters should be tested after the unit root test.
In this study, the test referred to as the Delta test, developed by Pesaran and Yamagata (2008),
is utilized. Testing for slope homogeneity is important because the assumption that the
unknown slope coefficients are constant across cross-sections and over time is not always
valid. Furthermore, in the Delta test process, the assumption of serially uncorrelated errors in
dynamic models is crucial. In this application, heteroscedasticity of the regression errors is
allowed (Glindlz, 2017). The test statistics developed by Pesaran and Yamagata (2008) for
large and small sample groups are presented in Equation 5.

~ N-1s—k 2 ~ N~1S—E(Zit) -
A= \/N{ = } xZ ve Bgqj= \/N{—m} N(0,1)

In the equation;

Eip) =k ve /Var(zir) = 2k(T-k-1)/(T+1)

N represents the number of units, S denotes the Swamy test statistic, and E (Z;r); refers to the
random variables independently distributed with finite means and variances for all i's. In the
Delta test, the null hypothesis Hy: B, = B tests the homogeneity of the slope coefficients, while
the alternative hypothesis Hy: 8; # B tests the heterogeneity of the slope coefficients (Pesaran
and Yamagata, 2008). On the other hand, when (N, T) — and the error terms are normally
distributed, the Delta test under the "homogeneity" null hypothesis follows an asymptotic
standard normal distribution. In the equations above, the A test is used when the sample group
is large, while Eadj provides better results for smaller sample groups (Isik et al., 2019: 30775).
The Delta heterogeneity test results are shown in Table 5 below. According to the results, it is
concluded that the slope coefficients are heterogeneous for the entire panel.
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Tablo 5 Heterogeneity test results

Delta Probability
9.166* 0.000
adj 10.114* 0.000

Note: * indicates statistical significance at the 1% level.

In panel data analysis, the existence of a long-term relationship with stationary series in the first
difference is tested through Cointegration tests. The selection of either first-generation or
second-generation Cointegration tests is determined based on the results of the cross-sectional
dependence tests applied to the entire panel. According to the results of the cross-sectional
dependence tests presented in Table 1, it is deemed appropriate to conduct first-generation
Cointegration analysis. In this study, the Pedroni (2004) Cointegration test is used. Pedroni
suggested a total of 7 panel Cointegration tests, with the null hypothesis of these tests being
the absence of Cointegration. Four of these tests are panel test statistics, and three are group
test statistics. On the other hand, the four statistics mentioned are within-statistics, which
consider homogeneity, and the three are between-statistics. The Panel-v, Panel-rho, and Panel-
PP test statistics are non-parametric, while the fourth statistic, Panel-ADF, is a parametric test
(Topal, 2017:11).

In the test that allows for heterogeneity under the alternative hypothesis, two classifications are
made. In the first classification, Cointegration tests for time series of all units are conducted,
and the test averages are taken. In the second classification, averages are obtained from the
components, and the limit distributions are based on the limits of the numerator and
denominator terms of the partitioned components (Tatoglu, 2013: 235). If the test statistic
results are greater than the critical value, the null hypothesis Ho, which suggests no
Cointegration, is rejected. The rejection of the Ho hypothesis is interpreted as the existence of a
Cointegration relationship between the variables (Topal, 2017: 11).

Below, the Panel Cointegration test is estimated with residuals (Pedroni, 1999: 656):
Yie = o + 8it + ByixXqi t+ PaiXan t + -+ PmidXmie + €t
wheret=1,..,Tt=1,,..., T;i=1,..,Ni=1, .., Nand m=1,..,Mm=1,..,, M.

In the equation above, T represents the number of time-specific observations, N denotes the
number of observations for each unit in the panel, and M refers to the regression variables. The
slope parameters Bii, Baiy «er e Bui are allowed to vary across units. a; represents the unit-
specific fixed effects and is permitted to vary across units. The parameter for the deterministic
trend is denoted by &. Under the null hypothesis Ho, which suggests the absence of a
Cointegration relationship, it is assumed that both the dependent and independent variables are
I(1), and the error term is also (1) (Pedroni, 1999: 656).

In non-parametric statistics, the following regression is estimated:
Ui = Pillje—1 + €
In this regression, the residuals é;, are used to estimate the unit-specific long-term variance (7).

. §%represents the unit-specific variance of é;, and &; = % (6% — §?%) is the expression for the
test statistic.

In parametric statistics, the following is used:

Ki
~ AN ~ ~ A ¥
Ui = YUt + Zk Jik Al + €

the regression is estimated, and the residuals é, are used to estimate the variance (3;%). The
results of the Pedroni Panel Cointegration Test are presented in Table 6.
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Table 6 Pedroni panel cointegration test

Tests Statistics Probabilities Weighted Statistics Probabilities
Panel v-Statistic 3608059* 0.0002 -1090426 0.8622
Panel rho-Statistic -20093684* 0.0014 -0.906882 0.1822
Panel PP-Statistic -6294361* 0.000 -5445595* 0.000

Panel ADF-Statistic -6307041* 0.000 -5189905* 0.000

Group rho-Statistic -0.851411 0.1973

Group PP-Statistic -5.225.692* 0.000

Group ADF-Statistic -4.891.944* 0.000

Note: *, indicates statistical significance at the 1% level.

According to the results of the Pedroni Cointegration Test in Table 5, there is a cointegrating
relationship between the variables based on the weighted panel v and panel rho, as well as the
group rho statistics. In other words, 8 out of the total 11 test statistics have p-values smaller
than 0.05. Howhich argues that there is no cointegration between the variables, is rejected, and
the existence of a long-term cointegrating relationship is accepted. The maximum lag length for
the cointegration analysis has been determined using the Schwarz Information Criterion. In the
subsequent process of cointegration analysis, when the long-term parameters are
heterogeneous, but the panel does not exhibit cross-sectional dependence, one of the models
used for estimating the long-term relationship is FMOLS (Fully Modified Ordinary Least
Squares).

When considering a heterogeneous panel data model for all parameters, the equation is:
Yie = a; + BiXie + we

where i=1...... , N and t=1,....T, and Bi is the parameter that represents the long-term
relationship between the variables. The t-statistic value of the FMOLS estimator is formulated
as follows:

N ~ = -1 ~_1 o~ o * ~

Brmors — B2 Laf e — X)?]  2iL, Lo Lot [ X1 (Xie — XY — T4
The results for the entire panel obtained from the FMOLS estimator are presented in Table 7.

Table 7 Fully modified ordinary least squares (FMOLS) estimator results

Variables | Coefficient Standard Error T-statistic Probability
LAGRVALADD 0.441679 0.253430 1.742808*** 0.0844
RENENR -0.017281 0.007358 -2.348770** 0.0208
URBPOPGRW 0.183559 0.066239 2.771151* 0.0067

R2 0.927420

Adjusted R? 0.923108

Long-Term Variance 0.146277

* %% %k denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Based on the FMOLS results for the MINT country group, a one-unit increase in the
LAGRVALADD variable leads to a positive effect of 0.004 units on EFP. Similarly, a one-unit
increase in the RENENR variable causes a 0.01 decrease in EFP. Finally, a one-unit increase in
the URBPOPGRW variable results in a 0.18 increase in EFP. According to these results, an
increase in agricultural production has negative effects on the environment and leads to
environmental issues. The underlying causes of these environmental deteriorations include the
uncontrolled use of agricultural inputs, such as fertilizers and pesticides, aimed at increasing
agricultural output and improving productivity levels. Indeed, these findings from the FMOLS
estimator align with the results of some studies in the literature (Ma et al., 2022; Alhassan, 2021).

On the other hand, developments in renewable energy, which aim to use resources more
efficiently and leave a more livable environment for future generations, demonstrate the
expected positive impact on the environment. Renewable energy obtained from natural sources
like wind, solar, and waves reduces the reliance on fossil fuels. Furthermore, the consumption
increase of renewable energy sources, as they do not produce CO2 emissions, results in more
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environmentally friendly outcomes compared to fossil sources. The FMOLS estimation results
also confirm this situation. The findings align with those of several studies in the literature (Azimi
and Rahman, 2024; Raza et al., 2023; Xue et al., 2021).

Finally, the urbanization variable negatively affects the environment, exerting an increasing
impact on environmental degradation. The development of industry and industrial
establishments, proximity to labor, infrastructure, transportation networks, and the
concentration of social and economic opportunities like education, health, and culture in urban
centers continue to increase the urban population, particularly in developing countries.
Population growth raises the demand for resources, leading to air, soil, and water pollution, and
over time, environmental degradation. The increase in the urbanization rate, one of the variables
used in this study, brings about environmental degradation and destruction. Empirical results
from studies by Alhassan (2021), Karasoy et al. (2021), and Chen et al. (2022) also suggest that
urbanization causes environmental problems.

Conclusion and recommendations

Global improvements in economic welfare, the acceleration of industrialization, and
advancements in healthcare have led to population growth, which in turn has necessitated
improvements in food security. This necessity, particularly in developing countries, has led to
environmental sensitivities being overlooked in the agricultural production process. The
persistent use of traditional agricultural methods over time has resulted in soil erosion,
excessive water use, loss of ecological diversity, and the release of environmental harm due to
fertilizers and pesticide applications aimed at increasing agricultural productivity. Additionally,
fertilizers and pesticides infiltrate the soil, causing water pollution and disrupting the natural
water cycle. Similarly, the concentration of social and economic opportunities in cities has
accelerated rural-to-urban migration, creating rapid and unsustainable urbanization in
developing countries. Excessive and rapid urbanization leads to a reduction in forests, a
significant carbon sink, and causes air and water pollution, eventually resulting in climate
changes. Furthermore, the high waste levels associated with urban population density
complicate waste management. Population growth and industrialization sustain the production
and living processes but at the cost of intense energy consumption. Given that much of the
energy used today relies on fossil fuels, the environmental negatives of these resources are
inevitable. These environmental issues include greenhouse gas emissions, degradation of air,
soil, and water quality, and habitat loss. In this context, transitioning to renewable energy
sources can help mitigate these environmental negatives.

This study analyzes the impact of agricultural added value, urbanization, and renewable energy
consumption on environmental quality in MINT countries. The findings indicate that agricultural
production and urbanization have negative effects on the environment, while renewable energy
consumption has a positive impact on environmental quality. Based on these results, several
policy recommendations can be made. The first recommendation is to adopt modern,
environmentally friendly, and sustainable agricultural production techniques instead of relying
on traditional methods. In this context, sustainable farming practices such as organic farming,
permaculture, precision agriculture, and smart farming will not only ensure the more efficient
and rational use of resources but also help mitigate environmental damage. Additionally, limiting
or controlling the use of chemical fertilizers and encouraging biological agricultural inputs is
crucial for both environmental and human health. Educating farmers about sustainable
agricultural practices, such as organic farming and environmentally friendly pest control
methods, and developing incentive policies to facilitate their implementation will contribute to
minimizing environmental impacts.

Another policy recommendation is to use an integrated urban planning approach to reduce the
negative environmental impacts of urbanization. Increasing green spaces, expanding
recreational areas, applying energy-efficient technologies in densely built-up areas, and
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developing and implementing smart city projects will be effective in reducing environmental
degradation. Furthermore, managing household waste, which has become a significant issue
due to rapid urbanization, can be improved by promoting recycling and waste separation
systems. Developing public transport systems, encouraging alternative transport options, and
implementing solutions to reduce fossil fuel consumption will ease environmental pressure in
cities.

Another critical policy recommendation focuses on the widespread use of renewable energy
sources. Reducing the use of fossil fuels, which have numerous negative effects, and increasing
investments and production capacities based on renewable energy sources like solar, wind,
hydroelectric, and geothermal are of paramount importance. Modernizing the energy
infrastructure and providing financial incentives for renewable energy investments will
accelerate the energy transition. These policies will not only increase economic stability against
fossil fuel price fluctuations but also facilitate energy independence.

In conclusion, the findings of this study highlight the importance of addressing environmental
issues through strategies at both national and international levels. Environmentally friendly
policies in agriculture, urbanization, and energy sectors will contribute to concrete steps toward
enhancing environmental quality in line with sustainable development goals. To leave a more
livable world for future generations, it is essential to raise environmental awareness, implement
effective environmental policies, and involve all stakeholders in these processes.

Future studies could explore environmental impacts in greater detail through sectoral and
regional data, focusing on various subfields of agricultural production and different elements of
urbanization. Particularly, studies focusing on MINT countries could offer guiding policies and
solutions by comparing the environmental effects of renewable energy consumption,
agricultural activities, and urbanization on a local and regional scale. Lastly, future research in
this area could contribute to the literature by incorporating variables directly affecting
environmental quality, such as carbon emissions, air pollution, and water resource usage,
alongside economic and social variables like education level, demographic structure, poverty
rate, development index, and income distribution.
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OZET

Son yillarda ntifus artisi, sehirlesme, ekonomik biyiime ve buna bagl olarak enerji talebinde meydana gelen artis
dogal kaynak kullanimi arttirarak cevresel bozulmalara neden olmaktadir. Dogal kaynaklarin korunmasi, gevre
sorunlarinin azaltiimasi ve gevresel sirdurdlebilirlik hedeflerinin gergeklestiriimesinde tarim, sehirlesme ve eneriji
politikalari 6Gnem kazanmaktadir. Bu galismada MINT (Meksika, Endonezya, Nijerya, Tirkiye) tlkelerinde tarimsal
katma deger, sehirlesme ve enerji tiketiminin gevresel kalite Gzerindeki etkisi 1992-2019 yillari arasi donem igin
analiz edilmistir. Panel veri yonteminin kullanildigi ¢calismada degiskenler arasindaki yatay kesit bagimliiginin
olmasindan dolayi serilerin duraganhgi ikinci nesil birim kok testlerinden biri olan CIPS testi ile sinanmistir. Delta
testi ile homojenligin varlidinin test edildigi calismada seriler arasindaki uzun donemli iliski Pedroni Panel
Esbutiinlesme testi ile sinanmistir. Son olarak tam degistirilmis en kigtk kareler tahmincisi (FMOLS) analizi ile
tarimsal katma deger, sehirlesme ve enerji tliketiminin gevre Gzerindeki etkisi analiz edilmistir. FMOLS sonuglarina
gore tarimsal katma degderde ve sehirlesme hizinda meydana gelen artis gevre kalitesi tizerinde negatif etkiye
sahipken yenilenebilir enerji tiiketimi gevre kalitesi izerinde pozitif etkiye sahiptir. Calisma sonuglari s6z konusu
ulke grubunda tarimsal Uretim slrecinde daha cevreci politikalarin gelistirilmesi ve uygulanmasi gerektigini,
yenilenebilir enerji yatinmlarinin ve tiiketiminin arttirlmasi gerektigini ve sehirlesme hizinin kontrol altina alinarak
gevreye duyarli yeni nesil sehir planlarinin ivedi sekilde yurirltige konulmasi gerektigini gostermektedir. Bu konuda
yapllacak gelecekteki galismalar MINT Ulkelerinde tarim sektorine yonelik farkl alt dallarin, farkli sehirlesme
tdrlerinin ve yenilenebilir enerji politikalarinin gevresel etkileri tzerine odaklanabilir.

ANAHTAR KELIMELER

Tarimsal katma deger, sehirlesme, yenilenebilir enerji, cevre, ekolojik ayak izi.
Giris

Gunumuzde Dunya nufusunda meydana gelen hizli artis, soz konusu nufusun beslenme
ihtiyaclarinin karsilanmasi amaciyla tarimsal tretimde de bir artisi zorunlu kilmaktadir. Nufusta
meydana gelen yukari yonli ivmelenme dikkate alindiginda ihtiya¢ duyulan tarimsal dretim
dizeyine ulasilmasi, uygun tarimsal Uretim streclerinin kullanimi ile saglanabilmektedir (Clre,
2022: 99). Tarimsal Uretimin arttirnlmasinda bir yandan topragi besleyici ve Uretimi destekleyici
girdiler kullanilirken diger taraftan da yeni arazilerin Uretime elverigli hale getirilmesi amaciyla
tarima agilmasi so6z konusu olmaktadir. Fakat yerkirede topragin sinirli olmasi ve var olan
topraklarin bir kisminin da gesitli nedenlerle kullanilamaz hale gelmesi, birim alandan daha fazla
urtn elde edilmesi gerekliligini dogurmaktadir. Birim alandan daha fazla verim elde etmek,
entansif tarim uygulanmalariyla mimkin olabilmektedir (Peker, 2012:48). Basvurulan entansif
tarimsal uygulamalar neticesinde de doganin absorbe edemeyecedi inorganik maddeler ortaya
¢lkmaktadir (Giler ve Bortiban, 2019: 4). Diger yandan mevcut nifusun beslenme ihtiyacinin
karsilanmasl amaciyla tarim sektorune yonelik koruyucu politikalar, tarimsal dretimin
genislemesinde énemli rol oynamaktadir. Ozellikle gelismekte olan Ulkelerde, azotlu glbre ve
pestisit kullanimi, dogal yasamin korunmamasi, Giftlik hayvanlari atiklarinin kontrol edilmemesi,
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biyogesitliligin azalmasi, vb. faktorler, gevre problemlerine neden olmaktadir (Karaer ve Girlik,
2003: 198).

Cevre Uzerinde olumsuz etkiler olusturan bir diger faktor ise sehirlesmede meydana gelen
artistir. Sehirlesme esasen Dunya genelinde ortaya ¢ikan bir olgudur. Sehir nufusu, gelismis
udlkelerde oldugu gibi gelismekte olan Ulkelerde de artmaktadir. Dinya Bankasi'nin yayinladigi
veriler ile 1960 yilinda Dunya geneli igin sehirlerde yasayanlarin kirsal nifusa orani %34
duzeyinde iken bu oran 1980 yilina gelindiginde %39 dlzeyine, 2000 yilinda %47 duzeyine ve
2020 yilinda ise %56 dizeyine ¢ikmis oldugu gortilmektedir (Sofuoglu vd., 2023:205). Diinya
Saglik Orguti tahminlerine gore ise 2050 yilinda Dinya niifusunun yaklasik %70'inin sehirlerde
yasamay! tercih etmesi beklenmektedir (UN, 2018). Kiresel dlgekte niifusta meydana gelen artis
ayni sekilde sehir nifusuna da sirayet etmektedir. Ayrica sanayilesmenin siklikla sehirlerde
yogunlasmasi, emegin Ucret duzeyinin kirsala nazaran sehirlerde gorece olarak daha ytksek
olmasi; egitim, saglik, kultur gibi sosyal imkanlara sehirlerde daha kolay ulasilmasi, kirsaldan
sehre olan gogu ve nihayetinde sehirlesmeyi hizlandirmaktadir. Hig stphesiz sehirlesme hem
birey hem de toplum yasamina cesitli kolayliklar sunmaktadir. Fakat sehirlesmenin hizi ve bir
plandan yoksun olusu, cesitli zorluklar ve birtakim sorunlari da beraberinde getirmektedir.
Ozellikle sanayi endustrilerinin sehirlerde veya sehirlere yakin bolgelerde yogunlasmasi ve
dretimde fosil enerji kaynaklarindan yararlanilmasi, cevresel olumsuzluklara neden olmaktadir
(Akyol, 2023:423). Sehirlesmenin hizlanmasi, kiresel ekosistem Uzerinde biylk bir baski
olusturmakta kaynaklarin ve cevresel tasima kapasitesinin zaman igerisinde azalmasina neden
olmaktadir. Genellikle sehirlerin gelisme surecinde ekosistemin dogal vyapisi dikkate
alinmamakta, dogal yapi korunmamakta ve bu da kuresel ekosistemin kaynak ve cevresel
tasima kapasitesine yonelik artan bir zorluk olusturmaktadir. Sehirlerden bir¢ogu, gelisim
sirasinda ekosistemin dogal yapisini dikkate almamaktadir. Ayrica artan gida, enerji ve su talebi;
kaynaklarin ve enerji kullaniminin artmasi, arazi kullaniminda donusum, bireylerin 6z tatmin
arayisl ve kirletici emisyonlar; dodal ekosistemlerin yapisinda negatif anlamda degisime neden
olmakta ve islevi Uzerinde olumsuz etkiler yaratmaktadir (Liu vd., 2023).

Benzer sekilde enerji kullanimi da ¢evre Uzerinde etkiler olusturmaktadir. Kiresel olgekte enerji
kullanimi son asirda hizli sekilde artis gostermistir. Nufusta meydana gelen artis,
sanayilesmenin hiz kazanmasi, yeni Uretim yontem ve tekniklerinin gelistiriimesi, Dunya
refahinin artmasi ve buna bagli olarak toplam talepte meydana gelen artis, daha fazla dretimi
gerekli kilmakta ve enerji talebini pozitif yonde etkilemektedir (Bilgen, 2014; Panwar vd.,
2011;1514). Enerji, tim diger Uretim ve tiketim streclerinin temel girdisi olmasi nedeniyle 6zel
bir oneme sahiptir. Enerji diger yandan ekonomik buytmenin surdurtlmesinde ve toplumsal
faaliyetlerin gerceklestirimesinde onemli bir belirleyicidir ve bu durum ginimduzde enerji
kullaniminin yodun sekilde artmasina neden olmaktadir (Pandey ve Rastogi, 2019: 4233; Bilgen,
2017: 891). Nitekim Uluslararasi Enerji Ajansi'na (IEA) gore Dinya nufusunun yaklasik %85'ini
olusturan gelismekte olan Ulkelerde, enerji talebi son on yilda yilda ortalama %2.6 duzeyinde artis
gostermistir. Bu artisin temel nedeni ise nufusta meydana gelen 720 milyonluk artis ve %50
dizeyinde gerceklesen ekonomik biytimedir. Ulkelerin biyime sureclerine ivme kazandirmak
ve toplumsal refahi arttirmak adina enerjiden yararlanma ¢abalari beraberinde ¢evre kirliligini de
getirmektedir (Akpan ve Akpan, 2012:21). Fosil enerjiye badll olarak ortaya cikan gevresel
bozulmalar, surdurulebilirligi tehdit etmekte; Dunya genelinde bircok politika yapicinin
yenilenebilir ve dlstk karbonlu enerji Uretimine yonelik planlar gelistirmesini gerektirmektedir.
IEA’ya (2024) gore son on yillik stirecte fosil yakitlarin kiresel enerji Gretimindeki payl, 2013'te
%82 iken 2023'te %80'e dusmustur. S6z konusu donemde eneriji talebi %15 artmis ve bu artisin
%401 temiz enerji olarak adlandirilan yenilenebilir enerji kaynaklari, nukleer enerji ve karbon
yakalama, kullanma ve depolama dahil olmak Uzere dustk emisyonlu yakitlar tarafindan
karsilanmistir.

Bu calismanin temel motivasyonu, son vyillarda gelismekte olan ulkelerde meydana gelen
ekonomik ve toplumsal iyilesmelerin neticesi olarak ortaya ¢ikan nufus, gida ve enerji talebi
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artisinin gevre Uzerindeki olumsuz etkilerinin dlgllmesidir. Literatlrde sehirlesme, enerji
tuketimi, ekonomik buyudme vb. degiskenleri iceren birgok ¢alisma yer almakla birlikte ¢calismayi
literatlrdeki diger calismalardan ayiran temel nokta; MINT Ulkeleri olarak adlandirnlan ve
Meksika, Endonezya, Nijerya ve Turkiye'yi igine alan Ulke grubuna yonelik benzer bir calismanin
olmamasidir. Galismanin MINT Ulkelerine yonelik olmasinin temel nedeni sdz konusu tlke
grubunun dinamik ekonomik yapilari, yuksek buylUme potansiyelleri ve enerji politikalarinin
cesitliligi ile dikkat gekmesidir. MINT Ulkeleri, sanayilesme ve sehirlesme sureclerinde benzer
zorluklar yasamakta ve tarmsal Uretim kapasiteleri agisindan birbirine yakin ozellikler
sergilemektedir. Ayrica MINT Ulkelerinde artan nifus ile birlikte ortaya gikan hizli sehirlesme ve
sanayilesme talebi cevresel hassasiyetlerin dikkate alinmasi ve ¢evrenin korunmasi gerekliligini
geri plana itmektedir. Bu nedenle, MINT Ulkelerinde tarimsal Uretim, sehirlesme ve yenilenebilir
enerji tuketimi gibi degiskenlerin ¢evresel etkilerinin analiz edilmesi, strdurulebilir kalkinma
hedeflerine ulasma cabalarina katki saglayacaktir. Calismada MINT Ulkelerine yer verilmesinin
bir bagka nedeni ise literatirde MINT ulkeleri gibi hizli buyuyen ve benzersiz ekonomik yapilar
sergileyen ulkeler icin detayli analizlerin sinirli olmasidir. Ayrica, c¢evresel etkilerin
degerlendiriimesinde CO, emisyonlari gibi dar kapsamli gostergeler yaygin olarak kullanilirken,
ekolojik ayak izi gibi daha kapsamli gostergelerin kullanimi literatirde nadiren gortulmektedir. Bu
calisma, MINT dulkelerinde tarimsal katma deger, sehirlesme ve yenilenebilir enerji tiketiminin
cevresel kalite Uzerindeki etkisini inceleyerek bu boslugu doldurmayl hedeflemektedir.
Galismanin bundan sonraki kisimlari literattr taramasi, veri seti ve metodoloji, sonug ve oneriler
seklinde dizayn edilmigtir.

Literatiir taramasi

Gelismis ve gelismekte olan Ulkelerin her ikisinde de tarimsal dretim (Asumadu ve Owusu,
2016), ekonomik biyime (Apergis ve Payne, 2010; Wang vd., 2018; Odugbesan ve Rijoub 2020),
enerji tlketimi (Arouri vd. 2012; Asif vd., 2015; Ridzuan vd., 2020), sehirlesme (Azam ve Khan,
2016; Al-mulali vd., 2012; Shahbaz vd., 2016; Akyol, 2023), ticaret (Sun vd., 2019), nifus artisi
(Shi, 2003) ve dogrudan yabanci yatirimlar (Puhuong ve Tuyen, 2018; Behera ve Dash, 2017)
gibi degiskenler ile gevresel bozulma arasindaki karsilikli iliskiyi ortaya koyan ¢ok ¢esitli ampirik
ve deneysel galismalar bulunmaktadir. Farkli ampirik calismalar, farkli zaman dilimlerini hedef
almis ve farkli Ulkeleri analiz etmistir. S6z konusu galismalarin biyuk bir kismi ¢cevre degiskeni
olarak CO, emisyonlarini dikkate almistir. Diger bir ifade ile mevcut literatur gevresel sorunlari
ele almakicin genellikle tek bir gosterge kullanmaktadir; ancak tek bir gosterge ne genel gevresel
kosullar dlgmekte ne de gevre sorunlarinin genel olarak azaldigini belirtmektedir. Ozetle
literatlirde ekonomik ve toplumsal degiskenler ile cevre arasindaki iliskiyi inceleyen ve cevre
degiskeni olarak daha detayli ve kapsamli bir gergceve ¢izen, ekolojik ayak izini analizlere dahil
eden calismalar, sinirli kalmaktadir. Panwar vd. (2011), yenilenebilir enerji kullaniminin gevresel
bozulma Uzerindeki etkisini analiz ettigi ¢calismada; gunes enerjili ocak, su isiticisi, kurutucu,
biyoyakit, gelistiriimis ocaklar ve hidrojen yoluyla CO, azaltiminin kapsami Uzerine bir inceleme
yapmistir. Calisma sonucunda elde edilen bulgular, temiz ve surdurulebilir kalkinma igin cevresel
bozulmalarin azaltiimasi gerektigi Gzerinde yogunlasmaktadir. Bu baglamda tarimsal drtnlerin
kurutulmasinda gunes enerjisinden yararlanilmasi, gelismekte olan Ulkelerde enerji tasarrufu
acisindan destekleyici bir unsurdur. Diger yandan yenilebilir olmayan bitkisel yagdan elde edilen
biyodizel, geleneksel dizel yerine kullanildiginda karbondioksit emisyonlarini ve petrol tuketimini
azaltmaktadir. Yine ruzgar enerjisi de sera gazi emisyonlarinin azaltilmasinda iyi bir potansiyel
sunmaktadir. Aktirk ve Gultekin (2024), Turkiye'de gida dretiminin ekolojik ayak izi Gzerindeki
etkilerini 1961-2018 donemi igin incelemistir. Bu analiz ¢ergevesinde hem gida uretimi hem de
gidanin bilesenleri olan tarim, hayvancilik ve su Urtnleri Uretimi ayri ayri ele alinmis ve elde edilen
sonuglara gore gida, tarim ve hayvancilik tretiminin ekolojik ayak izini arttirdigi, su Urunleri
dretimini ise azalttigr gozlenmistir. Ayrica, gubre kullanimi; tarim arazisi, GSYH, nufus ve
dogumda yasam beklentisi, ekolojik ayak izini arttirarak gevresel bozulmalara neden olmaktadir.
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Xu vd. (2024), Cin'deki tarimsal ekosistemlerin cevresel ayak izleri Uzerindeki etkisini
degerlendirmek i¢in 1990-2020 donemini kapsayan bir ¢calisma ortaya koymustur. Degiskenler
arasinda uzun donemli es-butinlesmenin mevcut oldugunun saptandigi galismada, uzun
donem sonuglarini dogrulamak icin ARDL teknigi uygulanmistir. Bulgular, tarimsal ekolojik ayak
izleri ile tarmsal arazi, enerji tuketimi, gubre kullanimi ve tarimsal istihdam gibi faktorler
arasinda, kisa donem esnekligi ile iliskinin pozitif oldugunu ortaya koymustur. Uzun donemde
ise tarim arazisi, enerji tuketimi ve gubre kullaniminin ekolojik ayak izi Uzerindeki etkisinin de
pozitif etki yarattigi tespit edilmistir. Yazarlar, tarimsal ekosistemin Uretimi artirmayi amagclayan
siki tarimsal uygulamalar nedeniyle zorlandigi kanisina varmistir. Bu haliyle karbon emisyonlarini
azaltmak, cevre dostu endustrileri tesvik etmek ve ulkenin arazi biyo-kapasitesini artirmak
yoluyla ekolojik sistem Uzerindeki baskiyi hafifletilecedi onerilmektedir. Wang vd. (2022), dort
Gliney Asya Ulkesinde (Banglades, Hindistan, Pakistan ve Sri Lanka) tarimsal katma deger,
yenilenebilir enerji ve kuresellesmenin ekolojik ayak izi Uzerindeki etkisini 1990-2018 yillari arasi
donem igin analiz etmigstir. Degiskenler arasinda uzun donemli iligkinin bulundugu c¢alisma
sonuglarina gore yenilenebilir enerji ekolojik ayak izi Uzerinde uzun donemde azaltici bir etki
olusturmaktadir. Kuresellesme ve tarimsal katma deger ise cevresel bozulmayi arttirmaktadir.
Diger yandan c¢alisma sonuclari, soz konusu Ulkelerde fosil enerji kaynaklarina olan bagimliigin
azaltilmasi icin daha fazla YE kaynagi kesfedilmesi ve glnes enerjisinden tam kapasite ile
faydalanilmasi gerektigini ileri stirmektedir. Calismadan elde edilen bir diger sonug ise ciftciler
arasinda gevre bilincinin gelistirilerek verimli tarim uygulamalarinin takip edilmesi ve tarim
sektortnun surdurulebilir hale getirilmesidir.

Aziz vd. (2020). Pakistan'da 1990-2018 doneminde ekonomik biylime, orman alani, tarimsal
dretim, yenilenebilir enerji ve gevresel bozulma arasindaki iliskinin kuantil davranisina dayanan
Cevresel Kuznets egrisini degerlendirmektedir. Calismada Kuantil Otoregresif Dagitiimis
Gecikme (QARDL) Yaklasimindan yararlanilarak Pakistan igin cevresel Kuznets egrisi hipotezini
test etmek igin ekolojik ayak izini, gevre gostergesi olarak kullaniimistir. Bu ¢alismanin sonucu,
Pakistan icin Cevresel Kuznets Egrisi Hipotezini dogrulamaktadir. Yenilenebilir enerji tiketimi ve
orman alani bulgular, ekolojik ayak izi Uzerinde negatif etkiler ortaya koymaktadir. Bu sonucg,
yenilenebilir enerji kullanimi ve orman alaninin artinimasiyla ekolojik ayak izlerinin en aza
indirilebilecegini gostermektedir. Fakat beklentilere zit bir sekilde, tarimsal Gretim bulgularinin
ekolojik ayak izi Uzerindeki kisa vadeli etkileri, istatistiksel olarak negatif sonuclar
gostermektedir. Bu durum, cevre dostu tekniklerin benimsenmesiyle tarim sektorinde de
ekolojik ayak izinin azaltilabilecegini gostermektedir. Tarim kaynakli Cevresel Kuznets Egrisi
Hipotezini inceleyen bir baska calisma, Agboola ve Bekun (2019) tarafindan Nijerya igin kaleme
alinmistir. 1981-2014 donemini kapsayan ¢alisma, soz konusu degiskenler arasindaki uzun
donemli denge iligkisini desteklemektedir. Analizden elde edilen sonuglara gore tarimsal
faaliyetlerin karbon emisyonlarina katkida bulundugu ortaya konmustur. Bu baglamda galisma
Nijerya'da cali yakma gibi karbon emisyonlarina katkida bulunan tanmsal faaliyetlerin
azaltiimasini onermekte, sera tarimi gibi gelismis tarim Uretimine yer verilmesi gerektigi Uzerinde
durmaktadir.  Muoneke vd. (2022), Otoregresif Dagitilmis Gecikme Modelinden (ARDL)
yararlanarak Filipinler'deki karbon ve karbon digl olmak Uzere iki ekolojik ayak izi gostergesini
kullanarak surdurdlebilir gevreyi tehdit eden tarim ve kiresellesme gibi faktorleri analiz etmistir.
Elde edilen sonuclar, degiskenler arasinda uzun donemliiliski oldugunu gostermekte ve Filipinler
icin tarimsal kalkinma ve ekolojik ayak izi arasindaki ters U seklinde olusan Cevresel Kuznets
Egrisi Hipotezinin varligini desteklemektedir. Diger bir ifade ile baslangigta tarim gelistikce
ekolojik ayak izi artmakta; tarimin verimlilik ve dusuk karbon Uretmek igin olgunlasmasiyla
azalmaktadir. Pata (2021), BRIC lkelerinde 1971-2016 donemi igin yenilenebilir enerji Gretimi,
kiresellesme ve tarimsal faaliyetlerin ekolojik ayak izi ve karbondioksit (CO2) emisyonlari
uzerindeki etkisini analiz etmek igin Fourier Esbutinlesme ve Nedensellik testlerinden
yararlanmistir. Esbutlnlesme testi, Brezilya ve Cin'de deg@iskenler arasinda uzun dénemli bir iliski
oldugunu desteklemektedir. Sonuglar, kuresellesmenin kirlilik gostergelerini  artirdigini,
yenilenebilir enerji Uretiminin ise Cin'deki gevresel baskiyr onemli oOlgude azalttigini ileri
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strmektedir. Diger yandan kuresellesme CO, emisyonlarini artirirken yenilenebilir enerji Uretimi
Brezilya'da cevre kalitesi Uzerinde iyilestirici etki olusturmaktadir. Nedensellik sonuclari da tarm
ve gevresel bozulma arasinda ¢ift yonlU; kiresellesmeden ekolojik ayak izi ve CO2, emisyonlarina
ve yenilenebilir enerji Uretiminden ekolojik gostergelere dogru tek yonlt iliskilerin varligini
gostermektedir. Analiz sonuglari genel olarak cevresel bozulma ile mucadelede, yenilenebilir
enerji kullaniminin énemli bir rold oldugu gergegdini gtin ylzine ¢ikarmaktadir. Bu sonuglara gore
yenilenebilir enerji Uretiminin Brezilya ve Cin'de gevre kirliligini dnemli olglide azaltabilecedi
dusunulmektedir. Son olarak Rusya ve Hindistan'da yenilenebilir enerji cevresel baskiyi
etkilememektedir. Udemba (2021), Pakistan ekonomisinin bel kemigi olarak gorilen ve en ¢ok
emisyon ureten tarm ve dogrudan yabanci yatinmlarin gevre Uzerindeki etkisini analiz ettigi
calismada, 1970-2018 yillar arasi veri setinden yararlanmistir.  Cevre performansinin iyi bir
OlgUsu olarak gorulen ekolojik ayak izinin bagimli degisken olarak kullanildigi ¢alismada, ARDL
testi sonuglarina gore dogrudan yabanci yatirimlarin ve tarimin ekolojik ayak izini olumsuz yonde
etkiledigi bulunmustur. Ayrica dogrudan yabanci yatinmlardan ekolojik ayak izine dogru
nedensel iliski tespit edilmistir. Dolayisiyla, Pakistan igin Kirlilik cenneti hipotezi dogrulanmistir.
Yine Udemba (2020), Nijerya’da ekonomik blylimeye onemli katkisi olan tarim sektorl ve
uluslararasi sirketlerin yonettigi petrol endustrisinden kaynakli emisyon duzeyini analiz ettigi
calismada, gevre verisi olarak ekolojik ayak izinden yararlanilmistir. 1981-2018 yillarini kapsayan
calisma sonuglari, ekonomik blyume ile ekolojik ayak izi arasinda hem kisa hem de uzun
donemde pozitif iliski; dogrudan yabanci yatinmlar ile ekolojik ayak izi arasinda ise negatif ve
anlamli bir iligki kurmaktadir. Tarim sektoru ile ekolojik ayak izi arasinda hem uzun hem de kisa
vadede negatif iliski tespit edilmistir. Enerji kullanimi ve ekolojik ayak izi arasinda var olan iligki
pozitiftir; bu da cevresel performans Uzerinde olumsuz etki olusturmaktadir. Ayrica, Granger
nedenselligine gore elde edilen bulgular; enerji kullanimindan ekolojik ayak izine ve nifustan
ekolojik ayak izine dogru tek yonlu bir nedensellik oldugu yontndedir.

Veri seti ve yontem

Bu calismada MINT olarak adlandirilan ve Meksika, Endonezya, Nijerya ve Turkiye'yi kapsayan
ulke grubunda 1992-2019 vyillari arasinda tarimsal katma deger (AGRVALADD), sehirlesme
(URBPOPGRW) ve yenilenebilir enerjinin (RENENR) cevresel etkileri analiz edilmektedir. Cevresel
etkilerin analizinde, gevre verisi olarak ekolojik ayak izi verisinden yararlaniimaktadir. Cevresel
kaliteyi ifade eden ekolojik ayak izi (EFP) verisine Global Footprint Network internet sitesinden
ulasiimistir. Tarimsal katma deger, sehirlesme ve yenilenebilir enerji verisine ise Dunya Bankasi
internet sitesinden ulasiimistir. Degiskenler ve veri kaynaklari Tablo 1 de gosterilmektedir.

Tablo 1 Degiskenler ve veri kaynaklari

Degiskenler Veri Kaynaklari

Ekolojik ayak izi (EFP) Global Footprint Network
Sehirlesme (URBPOPGRW) World Bank

Yenilenebilir enerji (RENENR) World Bank

Tanmsal katma deger AGRVALADD World Bank

Galismanin 2019 yiliile sinirlandiriimasinin nedeni ise ekolojik ayak izi verisinin en son 2019 yilini
kapsamasidir. Panel veri analizi modellemesi genel olarak asagidaki sekilde kurulabilmektedir:

Yie = Qit + Brie Xiie + Uit 1= T, NG T=T,0,

Modelde Y : bagimli degiskeni, X : bagimsiz degiskenleri, a = sabit parametre, B, e§im
parametrelerini ve u ise hata terimini ifade etmektedir. Alt indis olarak i birey, sirket, tlke, gibi
birimleri ifade ederken tise gun, ay, yil gibi zaman birimlerini gostermektedir. Bu ¢calismada EFP
bagimli degiskeni, AGRVALADD, URBPOPGRW ve RENENR degiskenleri ise modelin bagimsiz
degiskenlerini olusturmakta ve model asagidaki sekilde kurulmaktadir.

EFPit = a + B1AGRVALADDi + B2URBPOPGRW:;t + BsRENENR: + €t (1)
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Modeled kullanilan degiskenlere ait ortalama, standart sapma, minimum ve maksimum gibi
temel tanimlayici istatistikler Tablo 2'de sunulmustur.

Tablo 2 Tanimlayici istatistikler

Degisken Gozlem Ortalama Standart Sapma Maksimum Minimum
EFP 112 2.095714 .9309597 .85 417
URBPOPGRW 112 10.70364 2124625 10.36982 11.12805
RENENR 112 37.83661 29.72709 9 88.6
LAGRVALADD 112 2.998916 1.183063 1.218921 5.099975

Ekonometrik analizlerden guvenilir sonuclar elde edilmesi icin birtakim varsayimlarin
gecerliliginin sinanmasi gerekmektedir. S0z konusu varsayimlardan biri, serilerin duragan
olmasidir. Ekonometrik analizlerde kullanilan serilerin duragan olmamasi ve bu duradan
olmayan serilerle analiz yapilmasi neticesinde elde edilen sonuglar guvenilirligini yitirmektedir.
Bu tarz verilerle yapilan analizler hatali sonuglar ortaya koymaktadir. Serilerin duraganhginin
sinanmasinda ise c¢esitli birim kok testleri kullanilmaktadir. Serilerin duraganhgmnin kontrol
edilmeden once yatay kesit bagimliiginin varligi kontrol edilerek kullanilacak birim kok testi
tercih edilmektedir. Birinci nesil birim kok testlerinden, seriler arasinda yatay kesit bagimliliginin
var olmadigr durumda yararlanilirken ikinci nesil birim kok testlerinden ise seriler arasinda yatay
kesit bagimliliginin oldugu durumlarda yararlaniimaktadir. Calismada yatay kesit bagimligi
Pesaran, Ullah ve Yamagata (2008) tarafindan gelistiriimis LM testi ile sinanmistir. Zaman
boyutu (T), yatay kesit boyutu (N) blytk oldugu zamanda gegerli olan Breusch Pagan (1980),
LM testi N'nin sonsuza gittigi durumda uygun sonuglar vermemektedir. Baslangicta LM test
istatistigine bagli temel hipotez;

Ho : cov (Ui, Ui ) = pj=0

seklinde olusturulur ve t degerlerinin tamami igin i # j iliskisi gecerlidir. Breusch Pagan LM test
istatistiginin temel hipotezden hareketle yazimi asagidaki sekildedir.

N-1 N
=2, 2,
i=1 J=i+1

Esitlikte ﬁlzj i ve j artiklarin ikili korelasyonunun ornek tahminini gostermekte ve asagidaki
esitlikte sunulan formdl aracili§i ile hesaplanmaktadir.

A A Y=t CitCit
Pij = Pji = 1 1
(Bt ef)? (B, ejzt)z

Esitlikteki eq ifadesinin formiile edilmesi e;; = y; — &; — B/ x; seklindedir. Bu esitlikte u;, hata
teriminin EKK tahminini temsil eden ei;, kalinti tahminlerini ifade etmektedir (Pesaran,2004). LM
test istatistigi, N(N-1)/2 serbestlik derecesinde asimptotik x? dagdilimi gostermektedir (Pesaran
2008). LM testinin sapmasi dizeltiimis versiyonu olan LMagq; testi ise N ve T buyik oldugu
durumlar igin uyarlanmistir. LMa.g; test istatistigi asagidaki sekildedir;

N-1 N ,
LM 2 z z (T = KB — trij
IV - i=1 j=i+1 vrij

Esitlikte ur;; ifadesi ortalamayi, vy, ise varyansi vermektedir. LMag ortalama- varyans sapmasi
dlzeltilmis test istatistigini vermektedir. Ho hipotezinin verildigi (1) numarali esitlikte sirasiyla T
— 00 ve ardindan N — 00 s0z konusu iken LMag =—4 N(0, 1) halini almaktadir. Birimlere 6zgi
yatay kesit bagimliligi test sonuclarina Tablo 1'de yer verilmistir. Tablo 3'de LMadj disinda ¢
farkl yatay kesit bagimliigr sinamasi daha yapilmistir. Birimlere 6zgu test sonuglari birimlere
0zgu yatay kesit bagimliiginin varligini dogrulamakta iken panele 6zgu sonuglar yatay kesit
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bagimhhginin olmadigini gostermektedir. Yatay kesit bagimhliginin sinanmasindan sonra elde
edilen sonuglara gore birim kok testinin sinanmasina gecilmektedir.

Tablo 3 Yatay kesit bagimlihd testi

Serilere Ozel CD LM CDIm LMadj
EFP Istatistik 28.499* 6.495*% -3.027* 30.575*%
Olasilik Degeri 0.000 0.000 0.001 0.000
URBPOPGRW istatistik 29.643* 6.825*% -2.834* 21.320*%
Olasilik Degeri 0.000 0.000 0.002 0.000
RENENR istatistik 20.700* 4.243* -3705% 25.872*
Olasilik Degeri 0.002 0.000 0.000 0.000
LAGRVALADD istatistik 19.330 3.848 -3.026* 9.681*
Olasilik Degeri 0.004* 0.000* 0.001 0.000
Panele Ozel LM LMCD LMadj
istatistik 8.234 0.9091 1.233
Olasilik Degeri 0.2215 0.2176 0.3633

Not: *, %1 diizeyinde anlamliligi ifade etmektedir.

Serilere 0zgu yatay kesit bagimliiginin varligi, birim kok testi asamasinda ikinci kusak birim kok
testi kullanimini gerekli kilmaktadir. Analizde ikinci kusak birim kok testlerinden biri olan CIPS
testinden yararlanilarak serilerin duraganligi sinanmaktadir. CIPS testi Im, Pesaran ve Shin
(2003) tarafindan gelistirilmistir. CIPS testi yatay kesit genisletiimis Dickey Fuller (CADF)
testinden turetilmistir.

CADF testinde ADF regresyonunun gecikmeli yatay kesit ortalamalari ile genisletilmis hali
kullaniimaktadir. CADF birim kok testinde serilerin duraganhginin sinanmasinda kullanilan
hipotez

HoIBi =0
buttn i'ler icin gecerlidir. Hipotez serilerin birim kok icerdigi savini savunmaktadir. Alternatif
hipotez ise
H1: Bi <0
olmak tzere (i=1,2,.....N)) B_i =0, i= Ni+1+Ni+2,....N olarak ifade edilmekte ve homojen birim kokin
en az bir serinin birim koke sahip olmadigi alternatifine karsi test edildigini gostermektedir. CADF
test istatistigi asimptotik acidan benzerlik sergilemekte ve faktor yiklerine bagl olmamaktadir.
CADF test istatistiginin denklem olarak agilimi

AYillvlwyi—l
6i(Yiq' My, Y;1)*/?
seklinde belirtiimektedir (Tatoglu, 2017). Esitlikte

ti(N, T) ==

Ay = (Byi1, Dizy - Dir) |, Yieq = (YiO'Yil'Yi,T—l)' My, =1, -WWWwW)' W’
W = (T, AY, 7_1),‘[ = (1,1 T .,1),, AY = (AY]_,AYZ, cees .,AYT),,
Yo, = (YOJYL -"--YT—l)’

My = Iy — Gi(G{G))"G{,Gi = W,Y; 1)
olmak Uzere,
—2 _ AY{' M, AY;
' T—4
seklinde yaziimaktadir ti (N, T)'nin kesikli versiyonu olan t; (N,T) tanimlanmasinda Ky ve K
pozitif sabit degerleri simulasyonlar sonucunda hesaplanmaktadir.
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Sabitli ve trendli modellericin Ky =6.12, K, =4.16
Sabitli fakat trendsiz modeller igin K; =6.19, K, =2.61
Trendli model igin Ky =6.42, K, =1.70

CIPS istatistigi, IPS testinin yatay kesit genisletilmis tlru olarak disunulebilir ve s6z konusu test,
CADF testi ile hesaplanan her bir birime ait t degerlerinin ortalamasi alinarak elde edilmektedir.
CIPS test istatistigi;

N
CIPS = N71 Z CADF;j

=1
olarak yazilabilir ve asimptotik bakimdan standart dagiima sahip degildir. CIPS test istatistigi
birbirinden farkli N ve T degerleri igin %1, %5 ve %10 anlamlilik esasina gore hesaplanmis ve
Pesaran (2007)'da tablolastiriimistir. Serilerin duraganh@ CIPS test istatistiginin mutlak deger
olarak kritik degerlerden buyuk olmasi ile mumkin olmaktadir. CIPS istatistiginin guvenilirligi
hem N > T hem de T > N durumunda gecerligidir. CIPS test istatistigine ait sonuglar Tablo 4'de
sunulmaktadir.

Tablo 4 CIPS test istatistigi

Degiskenler cv10 cv5 cvl T Bar Olasilik
EFP Dizeyde -2.210 -2.330 -2.570 -0.444 0.997
Farkinda -2.210 -2.330 -2.570 -4.312*% 0.000
URBPOPGRW Dizeyde -2.210 -2.330 -2.570 -1.746 0.511
Farkinda -2.210 -2.330 -2.570 -3.386* 0.000
RENENR Dizeyde -2.210 -2.330 -2.570 -0.865 0.967
Farkinda -2.210 -2.330 -2.570 -4.013*% 0.000
LAGRVALADD Dizeyde -2.210 -2.330 -2.570 -1.501 0.703
Farkinda -2.210 -2.330 -2.570 -3.163*% 0.002

Not: *, %1 diizeyinde anlamlilidi ifade etmektedir.

Sabit ve egim parametrelerinin homojenligi birim kok testi sonrasinda sinanmalidir. Calismada
Delta testi olarak adlandirilan ve Pesaran ve Yamagata (2008) tarafindan gelistirilen testten
yararlaniimistir. Egim homojenliginin test edilmesi, bilinmeyen egdim katsayilarinin kesitler
arasinda ve zaman iginde sabit olmasi varsayimi her zaman gecerli olmadigindan onem arz
etmektedir. Yine Delta test surecinde dinamik modellerde serisel olarak korelasyonsuz hatalar
varsayimi onem arz etmektedir. Bu uygulamada, regresyon hatalarinin heteroskedastisitesine
misaade edilmektedir (Glindiz, 2017). Blyuk ve kigtk 6rneklem gruplarini simgeleyen, Pesaran
ve Yamagata (2008)'nin gelistirdigi test istatistikleri denklem 5’ de yer almaktadir.

~ NTIS-K) 2 ~ N"'S-E@im)| _
A= \/N{ = } xZ ve Bgqj= \/N{—m} N(0,1)

Esitlikte;
E (Zi7) =k ve y/Var(Z;r) = 2k(T-k-1)/(T+1)

soz konusudur. Test istatistiklerinin yer aldigi denklem 5'te N; birim sayisini, S; Swamy test
istatistigini, E(Z;r); sonlu ortalama ve varyanslarla tum i'ler i¢gin bagimsiz dagitiimis rassal
degiskenleri gostermektedir. Delta testinde bos hipotez Hy: By = B edim katsayilarinin
homojenligini, alternatif hipotez ise H;:B; # f ise edim katsayilarinin heterojenligini ifade
etmektedir (Pesaran ve Yamagata, 2008). Diger yandan (N, T)—00 oldugunda ve hata terimleri
normal dagildiginda A testi "homojenlik" bos hipotezi altinda asimptotik standart normal
dagilima sahiptir. Yukaridaki esitlikteki denklemlerden A testi drneklem grubunun buyik oldugu
durumlarda kullanilirken ﬁadj ise kcuk orneklem gruplarinda daha iyi sonuglar vermektedir (Isik
vd, 2019: 30775). Delta heterojenlik test sonuclarinin gosterildigi Tablo 5 asagidadir. Elde edilen
sonugclara gore panelin timda icin egim katsayilarinin heterojen oldugu sonucuna ulasiimistir.
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Tablo 5 Heterojenlik testi sonuglari

Delta Olasilik
9.166* 0.000
ad] 10.114* 0.000

Not: *, %1 diizeyinde istatistiksel olarak anlamliligi ifade etmektedir.

Panel veri analizinde, birinci farkinda duragan olan serilerle uzun doénemli iliskinin varligi
Esbutlnlesme testleri ile sinanmaktadir. Birinci ve ikinci nesil Esbutinlesme testlerinden
hangisinin kullanilacaginin belirlenmesinde, panelin geneli igin uygulanan yatay kesit bagimhligi
test sonugclan belirleyici olmaktadir. Tablo 1'de sunulan ve panelin geneli igin uygulanan yatay
kesit bagimlh@ test sonuglarina gore birinci nesil Esbutunlesme analizinin yapilmasi uygun
olmaktadir. Bu calismada Pedroni (2004), Esbitinlesme testinden yararlaniimistir. Pedroni,
toplamda 7 adet panel Esbutinlesme testi onermis ve soz konusu testler Esbutunlesmenin
olmadigmi ileri suren temel hipotezi olusturmaktadir. Testlerden 4 tanesi panel test
istatistiginden olusmakta, 3 tanesiise grup test istatistiginden olusmaktadir. Diger yandan bahsi
gecen 4 istatistik homojenligi dikkate alan kesit ici (within), 3 tanesi ise kesitler arasi (between)
istatistiklerdir. Panel-v, Panel-rho ve Panel-PP test istatistikleri parametrik degildir. Dorduncu
istatistik Panel-ADF ise parametrik bir testtir (Topal, 2017:11). Alternatif hipotez altinda
heterojenlige izin veren testte iki siniflandirma yapilmaktadir. Birinci siniflandirmada tim birimler
icin zaman serilerinin es butiinlesme testleri yapilarak test ortalamalari alinmaktadir. ikinci
siniflandirmada ise ortalamalar parcalardan elde edilmekte ve limit dagiimlari pargal pay ve
payda terimlerinin limitlerinin Gzerine kurulmaktadir (Tato@lu,2013:235). Test istatistigi
sonugclarinin kritik degerden buyuk olmasi durumunda, es bittnlesme olmadigini ifade eden Hg
hipotezi reddedilmektedir. Ho hipotezinin reddedilmesi degiskenler arasinda es butinlesme
iliskisinin varli§ seklinde kabul edilmektedir (Topal, 2017:11). Asadida Panel Esbitinlesme testi
kalintilar ile birlikte tahmin edilmektedir (Pedroni,1999:656);

Yie = o + 8it + ByixXqi t+ PaiXan t + -+ PmidXmie + €t
hert=1,..,T;i=1,..,N;vem=1, ..., M seklindedir.
Yukaridaki esitlikte T, zamana 6zgu gozlem sayisini, N; paneldeki her bir birime ait gozlem
sayisinl  ve M; regresyon degiskenlerini ifade etmektedir. Egim parametresinin
Biir B2iy coe wee e Bui, birimlere gore degerlenmesine izin verilmektedir. a; birimlere 6zgu sabit
etkileri belirtmekte ve birimlere gore degerlenmesine musaade edilmektedir. Deterministik
trendin parametresiise 0; ile gosterilmektedir. Es butunlesme iliskisinin olmadigini ileri stiren Ho

hipotezi altinda bagimli ve bagimsiz degiskenin I(1) oldugu varsayiminda hata terimi de I(1)
olmaktadir (Pedroni, 1999:656).

Parametrik olmayan istatistiklerde;

U = Pilli—q + é;; Regresyonu tahmin edilmektedir. Bu regresyonda kalintilar é;;'nin birimlere

6zgl uzun dénemli varyansinin tahmin (67) edilmesinde kullanilmaktadir. §;2, é;, ‘nin birimlere

6zgl varyansini belirtmekte ve £; = %(&f — $2) esitligini ifade etmektedir.

Parametrik istatistiklerde ise;

Kij
~ AN ~ ~ A X
Ujt = YUjt—q + Zk 1Yik Al + €5,

Ak N

regresyonu tahmin edilmekte ve kalintilar, é . 'nin varyansini tahmin (8;*)etmek amaclyla
kullaniimaktadir. Tablo 6'da Pedroni Panel Esbuttinlesme Testi sonuclari yer almaktadir.

Tablo 6 Pedroni panel egbiitlinlesme testi

Testler Istatistik Olasilik Agirliklandirimis Istatistik Olasilik
Panel v- istatistigi 3608059* 0.0002 -1090426 0.8622
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Panel rho- istatistigi -2993684* 0.0014 -0.906882 0.1822
Panel PP- istatistigi -6294361* 0.000 -5445595* 0.000
Panel ADF- istatistigi -6307041* 0.000 -5189905* 0.000
Grup rho- istatistigi -0.851411 0.1973

Grup PP- istatistigi -5.225.692* 0.000

Grup ADF- istatistigi -4.891.944* 0.000

Not: *, %1 diizeyinde istatistiksel olarak anlamliligi ifade etmektedir.

Tablo 5'teki Pedroni Esbitunlesme Testi sonuglarina gore agirliklandiriimis panel v ve panel rho
ile grup rho istatistigi sonuglarina gore degiskenler arasinda es butinlesme iliskisi vardir. Diger
bir ifade ile toplam 11 test istatistiginden 8 tanesinin olasilik degerleri p<0.05'ten kuguktur.
Degiskenler arasinda es buttnlesik iliskinin olmadigini savunan Ho hipotezi reddedilmekte ve
uzun donemli es butunlesik iliskinin varhigr kabul edilmektedir. Es butinlesme analizinde
maksimum gecikme uzunlugu Schwarz Bilgi Kriteri ile tayin edilmistir. Es buttinlesme analizi
sonrasindaki slrecte uzun donem parametresinin heterojen ve fakat panelin yatay kesit
bagimliigr sergilemedigi durumlarda uzun donemli iliskinin tahmini i¢in uygulanan modellerden
biri olan FMOLS (tam degistirilmis en kiguk kareler tahmincisi)'dan yararlaniimaktadir.

TUm parametreleri heterojen panel veri modeli dikkate alindiginda,
Yie = a; + BiXie + wie

denklemde i=1........ , N ve t=1,..... T olmak kosulu ile Bi degiskenler arasindaki uzun donemli
iliskiyi veren parametredir. FMOLS tahmincisinin t istatistik degeri asagidaki sekilde formule
edilmektedir.

A ~ = -1 ~_1 ~— > % ~

Bemors — B=[Za LE (X — X2 X Lot Lt [ ZTo (X — XD Y5 — T71]
FMOLS tahmincisinden elde edilen panelin geneline ait sonuclar Tablo 7'de sunulmaktadir.

Tablo 7 Tam degistiriimis en kiiglk kareler tahmincisi (FMOLS) sonuglar

Degiskenler Katsay! Standart Hata T istatistik Olasilik
LAGRVALADD 0.441679 0.253430 1.742808%*** 0.0844
RENENR -0.017281 0.007358 -2.348770%* 0.0208
URBPOPGRW 0.183559 0.066239 2.771151% 0.0067
R? 0.927420
Duzeltilmis R? 0.923108
Uzun Donem Varyans 0.146277

*xx ok graslyla %1,%5 ve %10 dizeyinde istatistiksel olarak anlamliligi ifade etmektedir.

MINT Ulke grubuna ait FMOLS sonuglarina gore LAGRVALADD degiskeninde meydana gelen bir
birimlik artis EFP Uzerinde 0.004 birimlik pozitif bir etki olusturmaktadir. Yine RENENR
degiskeninde meydana gelen bir birimlik artis EFP Uzerinde 0,071 oraninda bir azalma meydana
getirmektedir. Son olarak URBPOPGRW degiskeninde meydana gelen bir birimlik artis, EFP
degiskeni uzerinde 0.18 oraninda artisa neden olmaktadir. Bu sonuglara gore tarimsal
dretimdeki artig, gevre Uzerinde olumsuz etkiler meydana getirmekte ve cevresel sorunlara
neden olmaktadir. S6z konusu gevresel bozulmalarin geri planinda tarimsal ¢iktiyr arttirmak ve
bu sekilde verimlilik dizeyini iyilestirmek amaciyla kontrolsiz sekilde kullanilan gubre ve zirai
ilag gibi tarimsal girdilerin dnemli bir payi vardir. Nitekim FMOLS tahmincisinden elde edilen bu
sonug, literatlirde yer alan bazi galismalarin (Ma vd., 2022; Alhassan, 2021) sonuglari ile de
ortusmektedir. Diger yandan kaynaklarin daha verimli bir sekilde kullanimini hedefleyen ve
gelecek nesillere daha yasanabilir bir ¢cevre birakma amaci guden yenilenebilir enerji alanindaki
gelismeler, cevre Uzerinde beklenen pozitif etkiyi gozler oniine sermektedir. Rlzgar, gines, dalga
vb. dogal kaynaklardan elde edilen yenilenebilir enerji, fosil yakit kullaniminda goreceli olarak
azalmaya neden olmaktadir. Yine, yenilenebilir enerji kaynaklarina yonelik tiketim artisi, CO2
emisyonu Uretmedigi icin fosil kaynaklara nazaran daha cevreci sonuclar dogurmaktadir.
FMOLS tahmincisi sonuclari da bu durumu dogrular niteliktedir. Sonuglarla literattrdeki bir kisim
calismalarin (Azimi ve Rahman, 2024; Raza vd. 2023; Xue vd., 2021) sonuglari birbirini destekler
niteliktedir. Son olarak sehirlesme degiskeni, ¢evreyi olumsuz etkileyerek gevresel bozulma
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Uzerinde arttirici bir etkiye sahiptir. Sanayinin gelismesi ve sanayi kuruluslarinin emek, alt ve Ust
yapi ve genellikle ulasim aglarinin daha erisilebilir kent merkezlerine yakin olmasi; egitim, saglik,
kdltir ve benzeri sosyal ve ekonomik imkanlarin sehir merkezlerinde yogunlasmasi, kent
nufusunu ozellikle gelismekte olan Ulkelerde arttirmaya devam etmektedir. Nifus artisi da
kaynak talebini arttirmakta; hava, toprak ve su kirliligi olusturarak zamanla gevresel bozulmalara
neden olmaktadir. Calismada kullanilan degiskenlerden biri olan sehirlesme hizinda meydana
gelen artig, cevresel bozulmalari ve tahribati beraberinde getirmektedir. Alhassan, (2021),
Karasoy vd. (2021) ve Chen vd. (2022) tarafindan yapilan galigmalarin ampirik sonuglari da
sehirlesmenin gevresel sorunlar dogurdugunu ileri sirmektedir.

Sonug ve oneriler

Dunya genelinde ekonomik refah dizeyinin iyilesmesi, sanayilesmenin hiz kazanmasi ve gelisen
saglik kosullari, ntfus artigini beraberinde getirmis; artan nufus ise beslenme imkanlarinin
iyilestiriimesini zorunlu kilmistir. Soz konusu zorunluluk, ozellikle gelismekte olan dlkelerde
tarimsal Uretim surecinde birtakim gevresel duyarliliklarin geri planda kalmasina neden
olmaktadir. Tarimsal Uretimde geleneksel dretim yontem ve streclerinin israrla kullaniimaya
devam edilmesi; zaman icerisinde toprak erozyonuna, su kaynaklarinin asir kullanimina, ekolojik
cesitliligin azalmasina ve tarimsal verimliligin arttirlmasi igin uygulanan gubre ve ilaglama
faaliyetleri neticesinde ortaya cikan zararlarin gevreye salinimina neden olmaktadir. Diger
yandan kullanilan gubre ve ilaglar zaman icerisinde topragin derinliklerine sirayet ederek su
kirliligini beraberinde getirmekte ve dogal su dongusunu bozmaktadir. Benzer sekilde sosyal ve
ekonomik imkanlarin sehirlerde yogunlasmasi, nufus artisi ile birlikte kirdan kente gogu
hizlandirmis esasen gelismekte olan ulkelerde hizli ve ¢arpik bir sehirlesme olgusunu ortaya
clkarmistir. Asin ve hizli sehirlesme, onemli bir karbon yutagr olan ormanlarinin azalmasina
neden olmakta; hava ve suyun kirlenmesine ve bir sure sonra ilkim degisikliklerine yol
acmaktadir. Ayrica sehirlerde nifus yogunluguna bagh olarak ortaya cikan yodun atik dizeyi,
atik yonetimini guclendirmektedir. Nufus artigi ve sanayilesme hem yasam hem de Uretim
sureglerinin kesintisiz bir sekilde devam etmesini ancak yogun enerji kullanimi ile surdurulebilir
kilmaktadir. Ginimuzde kullanilan enerjinin buyuk kisminin geleneksel enerji kaynagi olan fosil
yakitlara dayandigi goz onune alindiginda so6z konusu kaynaklarin ¢esitli cevresel olumsuzluklar
ortaya koymasi kacinilmazdir. S6z konusu olumsuzluklar sera gazi emisyonu, hava, toprak ve su
kalitesinin bozulmasi, habitat kaybi, vb -seklinde siralanmaktadir. Bu baglamda yenilenebilir
enerji kaynaklarina yonelinmesi, bahsi gegen cevresel olumsuzluklarin azaltiimasina imkan
tanimaktadir.

Bu calismada, MINT Ulkelerinde tarimsal katma deger, sehirlesme ve yenilenebilir enerji
tuketiminin cevresel kalite Uzerindeki etkisi analiz edilmistir. Elde edilen sonuglar tarmsal
dretimin ve sehirlesmenin gevre uUzerinde olumsuz etkiler olusturdugunu, yenilenebilir enerji
tuketiminin ise gevre Uzerinde pozitif etki olusturdugunu gostermektedir. Analizden elde edilen
sonuglar neticesinde birtakim politika onerileri gelistiriimesi mumkudndur. Bunlardan ilki,
geleneksel yontemlerle tarimsal dretimin  surdUrdlmesi  yerine modern, ¢evreci ve
surdurtlebilirligin on plana alindigi tanimsal Uretim tekniklerinin benimsenmesidir. Bu baglamda
ozellikle organik tarim, permakadltur, hassas tarim ve akilli tarim uygulamalari gibi strdurulebilir
tarim yontemleri mevcut kaynaklarin daha verimlive akilci kullaniminin yani sira gevresel tahribat
dolayisi ile olusacak gevresel bozulmalarin da azaltilmasina katki saglayacaktir. Ayrica kimyasal
igerikli gubre kullaniminin sinirlandirlmasi veya kontrol altina alinmasi, bunun yerine biyolojik
tarim girdilerinin tesvik edilmesi hem ¢evre hem de insan sagligi agisindan onem arz etmektedir.
Ciftgilerin organik tarim, zararlilarla mucadele konusunda gevre dostu yaklasimlar gibi
surdurtlebilir tanm yontemleri konusunda egitilmesi ve bu yontemlerin  uygulanmasini
kolaylastiracak tesvik politikalarinin gelistiriimesi, gevresel etkilerin en aza indirilmesine katki
saglayacaktir. Bir diger politika onerisi sehirlesmenin olumsuz cevresel etkilerinin azaltilmasinda
butlnlesmis bir sehir planlama yaklasimindan yararlaniimasidir. Sehir planlamasinda yesil
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alanlann arttirilarak rekreasyon sahalarinin genisletiimesi, ozellikle dikey yapilanmanin yogun
oldugu alanlarda enerji verimliligini saglayan teknolojilerin uygulanmasi ve akilli sehir projelerinin
gelistirilerek uygulamaya konmasi ¢evresel bozulmayi sinirlandirmada etkili olacaktir. Ayrica,
hizli sehirlesme ve buna bagl olarak sehir nifusundaki artis dolayisi ile dGnemli bir sorun haline
gelen evsel atigin etkili bir sekilde yonetilmesi, geri dontsum ve atik ayristirma sistemlerinin
yayginlastinimasiyla mimkun olacaktir. Toplu tasima sistemlerinin gelistiriimesi, alternatif
ulasim araglarinin tesvik edilmesi ve fosil yakit tliketimini azaltacak ¢ozimlerin uygulanmasi,
sehirlerdeki cevresel baskiyl hafifletecektir. Diger bir politika onerisi ise yenilenebilir enerji
kaynaklarinin kullaniminin yayginlastirimasina yoneliktir. Birgok olumsuz etkiyi bunyesinde
barindiran fosil kaynak kullaniminin azaltilarak gines, rtizgar, hidroelektrik ve jeotermal gibi
yenilenebilir ve dogal enerji kaynaklarina dayali yatinmlarin ve Uretim kapasitesinin artirimasi
kritik Gneme sahiptir. Enerji altyapisinin gagdas ve modern hale donusturtlmesi ve yenilenebilir
enerji yatinmlarina yonelik mali tesviklerin sunulmasi, enerji donusumunu hizlandiracaktir. Bu
politikalar, fosil yakit fiyatlarindaki dalgalanmalara karsi ekonomik istikrari artirirken, enerji
bagimsizligina ulasmayi kolaylastiracaktir. Sonu¢ olarak, bu ¢alismada elde edilen bulgular,
gevresel sorunlarin gozumune yonelik stratejilerin hem ulusal hem de uluslararasi duzeyde ele
alinmasinin énemini vurgulamaktadir. Tarim, sehirlesme ve enerji sektorlerinde uygulanacak
gevre dostu politikalar, surdurdlebilir kalkinma hedefleri dogrultusunda gevresel kaliteyi
artirmaya yonelik somut adimlarin atiimasina katki saglayacaktir. Gelecek nesillere daha
yasanabilir bir diinya birakmak igin gevresel farkindaligin artinimasi, gevre politikalarinin etkin bir
sekilde uygulanmasi ve tum paydaslarin bu sureclere dahil edilmesi gerekmektedir.

Konu ile ilgili gelecekte yapilacak calismalar tarimsal dretimin farkl alt dallari ve sehirlesmenin
farkl unsurlari gibi sektorel ve bolgesel veriler aracilidi ile cevresel etkileri daha detayli bir sekilde
analiz edebilir. Ozellikle MINT lkeleri agisindan ele alinacak galismalar yenilenebilir enerji
tuketimi, tarimsal faaliyetler ve sehirlesmenin cevresel etkilerini yerel ve bolgesel bazda
karsilastirarak bolgesel politikalarin gelistiriimesi igin yol gosterici politikalar ve ¢ozum onerileri
sunabilir. Son olarak konu ile ilgili bundan sonra yapilacak galismalara karbon emisyonlari, hava
Kirliligi, su kaynaklarinin kullanimi gibi gevresel kaliteyi dogrudan etkileyen degiskenler ile egitim
seviyesi, demografik yapi, yoksulluk orani, kalkinma endeksi ve gelir dagilimi gibi ekonomik ve
sosyal degiskenler eklenerek literettre katki saglanacagi disunulmektedir.

Yazar katki oranlari

Calismaya 1. Yazar: %50, 2. Yazar: %50 oraninda katki saglamistir.

Cikar ¢catigsmasi beyani

‘Mint Ulkelerinde tarimsal katma deger, sehirlesme ve yenilenebilir enerji tiketiminin cevresel
kalite Uzerindeki etkisi® baslikli makalemizin herhangi bir kurum, kurulus, kisi ile mali ¢ikar
catismasi yoktur. Yazarlar arasinda da herhangi bir ¢gikar gatismasi bulunmamaktadir.
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