An Integrated Analysis of Labor-Environment Interactions Using Econometric Inference and Multi Criteria
Decision Making Frameworks

Aragtirma Makalesi

An Integrated Analysis of Labor-Environment
Interactions Using Econometric Inference and
Multi Criteria Decision Making Frameworks

Elif BULUT!
ORCID: 0000-0001-8278-1821

DOI: 10.54752/ct.1834970

Abstract: Global climate commitments have direct implications for
labour markets. This makes it necessary to consider the link between
labour and the environment within a broader systemic setting. Labour
indicators and carbon emissions reflect different aspects of the same
processes. For this reason, environmental variables can no longer be set
aside in labour market analysis. The study focuses on Turkey and groups
labour market indicators into two categories: Production-side and
socioeconomic conditions. It then examines how these indicators relate
to per capita carbon emissions. The analysis draws on cointegration,
causality and multi-criteria-decision-making approaches. The empirical
work covers the period from 1990 to 2023. Several econometric tests are
applied, including the ADF unit root test, the KPSS stationarity test, the
Zivot-Andrews unit root test with structural breaks, the Gregory-Hansen
cointegration test with structural breaks and the Toda-Yamamoto
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causality test. In addition, MEREC and ARIE are used within the multi-
criteria-decision-making framework. The results are checked through the
LOO procedure and sensitivity analyses. The findings show a stronger
link between carbon emissions and indicators classified under the
production side than those grouped under socioeconomic conditions. In
the case of Turkey, carbon emissions per capita, gross domestic product
per capita and labour productivity stand out as the most influential
criteria. These results indicate that employment policies in Turkey cannot
be designed separately from environmental sustainability goals.
Keywords: Labour, environment, carbon emissions, econometric
analysis, decision analysis.

Emek-Cevre Etkilesimlerinin Ekonometrik Inferans ve Cok
Boyutlu Sayisal Karar Cergeveleriyle Biitiinciil Incelenmesi
Oz: Kiresel iklim taahhiitlerinin isgiicii piyasalart {izerindeki etkileri
emek ve cevre iligkisinin sistemik bir cercevede ele alinmasini
gerektirmektedir. Bu baglamda, emek goOstergeleri ve karbon
emisyonlarinin aynt sireglerin farkl yansimalart oldugunun anlagilmast
emek piyasast analizlerinde ¢evresel gostergelerin artik g6z ardi edilemez
hale geldigini ortaya koymaktadir. Bu calisma Turkiye'de isglici piyasast
gostergelerini emek-tiretim ve emek-sosyal olarak siniflandirarak bu
gostergeler ile kisi bast karbon emisyonlart arasindaki  iligkiyi
esbitinlesme, nedensellik ve c¢ok kriterli karar verme cerceveleriyle
incelemektedir. Calismada uygulamaya alinan analizler 1990-2023
donemini kapsamaktadir. Bu dénem 6zelinde sirasiyla ADF birim kék
testi, KPSS duraganlik sinamasi, Zivot Andrews yapisal kirtllmali birim
kok testi, Gregory Hansen yapisal kirilmali esbitinlesme testi, Toda
Yamamoto nedensellik testi ekonometrik cercevede uygulanmistir. Cok
Kriterli Karar Verme modelleri olarak ise MEREC ve ARIE
kullanidmistir.  Elde edilen sonuglar LOO prosedirii ve duyarhlik
analizleriyle sinanmistir. Calismada emek-tiretim olarak siniflandirilan
gOstergelerin - emek-sosyal olarak smuflandirilan  gostergelere  kiyasla
karbon emisyonlart ile daha etkin bir iliski icerisinde oldugu ve Tturkiye
6zelinde bu konuda kisi bagina karbon emisyonlarinin, kisi basina gelirin
ve emek verimliliginin baskin kriterler oldugu bulgular: elde edilmistir.
Sonuglar, Tirkiye'de istthdam politikalarinin cevresel surdirilebilirlik
hedeflerinden bagimsiz tasarlanamayacagini géstermektedir.

Anahtar Kelimeler: Emek, cevre, karbon emisyonlari, ekonometrik
analiz, karar analizi.
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Introduction

The relationship between economic activity, labour indicators and environmental
conditions has drawn growing attention in recent years. Changes in labour demand
during periods of economic growth often move alongside shifts in environmental
indicators. This pattern suggests that the two do not evolve in isolation and are
better considered together. Transformations in production structures, patterns of
energy use and technological change shape this interaction. Sectors also differ in
their sensitivity to environmental issues. These factors point to multiple channels
through which labour markets connect with environmental conditions, sometimes
directly, sometimes through indirect links. In the case of Turkey, structural features
of the economy add further complexity. Labour market indicators and
environmental variables do not follow a single pattern. Growth targets, the sectoral
composition of employment and the weight of carbon intensive industries all play
a role. Taken together, these elements make it difficult to rely on simple or single
channel explanations. A broader analytical frame is therefore needed. Such an
approach should account for changes over time and consider the relative
importance of different indicators within the system.

Unemployment has long remained a central socioeconomic issue within the
history of capitalism. It has been addressed from different angles and at varying
depths, yet it continues to shape economic debates today (Giin, 2016: 1286). In the
context of the green transition, it takes on a new and more pressing dimension.
Discussions on limiting greenhouse gas emissions often rely on short term
evaluations. Under such conditions, existing economic models tend to leave out
sensitive issues such as unemployment, especially in the short run (Babiker &
Eckaus, 2007: 600-601). Wang and Li (2021: 760) draw attention to the complex
and uneven nature of human factors in shaping carbon emissions. Ignoring labour
markets in the design of climate policies creates more than a technical gap. It also
carries social and political implications. This gap becomes particulatly visible along
the labour-environment nexus.

The neoliberal view of social policy treats unemployment as a personal
issue. It links the problem to a lack of market relevant skills. In this line of thought,
the remedy lies in education and investment in human capital, with the expectation
that individuals adjust themselves to market conditions. This approach rests on
three core assumptions. It reduces unemployment to individual shortcomings. It
treats the social structure as given. It also frames education as a tool that secures
outcomes (Akpinar, 2018: 788, 795-796). A different picture emerges once
environmental indicators such as carbon emissions and ecological footprint are
taken into account. Labour markets are shaped not only by individual skills but
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also by the environmental costs of economic activity. This broadens the way
unemployment is understood. It points to a structural issue tied to production
patterns, energy use and environmental pressures. Under these conditions, policy
cannot remain limited to individual level solutions. A wider approach is needed,
one that also considers environmental sustainability. These considerations form the
background that led to this research.

The focus is on Turkey. Carbon emissions per capita are examined alongside
key labour indicators such as unemployment, productivity, and employment. The
analysis brings together econometric inference and multi-criteria decision
trameworks to capture their joint performance. The first step looks at the link
between carbon emissions and labour dynamics on the production side, as well as
socioeconomic conditions. Augmented Dickey Fuller (ADF) (Dickey & Fuller,
1979) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) (Kwiatkowski et al., 1992)
tests are used to check stationarity. Structural breaks are examined with the Zivot-
Andrews (ZA) (Zivot & Andrews, 1992). Long-run relations are explored through
the Gregory-Hansen cointegration test (Gregory & Hansen, 1996). Causality is
assessed with the Toda-Yamamoto (Toda & Yamamoto, 1995) approach. Series
that display at least one causal link are then carried into the multi-criteria stage.
These series are treated as criteria. Weights are obtained through MEthod based on
the Removal Effects of Criteria (MEREC) (Keshavarz-Ghorabaee et al., 2021).
Ranking is carried out with Adaptive Ranking with Ideal Evaluation (ARIE) (Fauzi
et al., 2025). The results are checked with the Leave-One-Out (LOO) procedure
and scenario analyses. The analysis is guided by three main research questions:

1. Is there a long-run relationship between carbon emissions and labour
indicators in Turkey, covering both production side dynamics and socioeconomic
conditions? Does this relationship carry statistical significance and a causal
direction?

2. How important are these indicators in relation to carbon emissions in
the case of Turkey? Which of them take a leading role in the evaluation?

3. If these indicators are treated as criteria, which years stand out as the
most efficient in balancing environmental outcomes and income over the period
under study?

These questions aim to shed light on labour-environment interactions
within the context of Turkey’s labour dynamics. They draw on the view that
economic growth, employment policies and environmental sustainability are
closely linked. For this reason, policy analysis calls for a multidimensional
approach.

Another point that shaped the research design emerged from a close reading
of Liu and Feng (2022: 52029). The authors report that unemployment is
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associated with higher carbon emissions in the Middle East, while the pattern turns
negative in regions such as Europe and the Asia-Pacific. In the social sciences,
many theoretical frameworks are developed in core economies. This often leads to
research agendas in semi peripheral countries like Turkey being framed through
approaches that do not fully align with local conditions (Cam & Yildirim, 2025:
32). It also suggests that the questions asked and the issues given priority can vary
across countries. The analysis first tests whether a link exists between carbon
emissions and labour indicators. It then examines the long run connection between
carbon emissions and unemployment through empirical evidence. At the same
time, it brings together econometric inference and multi-criteria decision-making
(MCDM) techniques within a single framework. Focusing on Turkey, an economy
that faces both climate commitments and structural unemployment, helps bring
out country specific dynamics. The results also offer a reference point for
comparisons with similar economies. In a country where unemployment has long
been a persistent issue, policy responses require careful and timely revision (Sahin
& Yildirim, 2015: 136). The paper proceeds with a review of the relevant literature
and a discussion of the analytical background. This is followed by a presentation of
the data and methodology. The findings are then reported and discussed. The final
section offers policy implications and directions for future research.

Literature

The literature review begins with studies that explore the link between labour and
the environment. Wei et al. (2018) stress the importance of demographic trends,
noting their close connection with pressures on natural resources and ecological
systems. Luo et al. (2025) discuss labour as a key factor in shaping firm
competitiveness and the allocation of macroeconomic resources. They also
underline how rising carbon risk influences patterns of labour allocation within
firms. Zhang et al. (2018) report a negative and non-linear relationship between
environmental pollution and labour supply. They add that the strength of this
relationship varies with the level of economic development. Wang and Jiang (2020)
focus on developing countries. These economies contribute both to global carbon
emissions and to economic growth. At the same time, tensions between growth
and emissions create serious challenges for sustainable development and make
global mitigation targets harder to achieve.

Feng et al. (2024) link cross country differences in unemployment to gaps in
skill based productivity. These differences also shape how economies move away
from carbon intensive sectors toward cleaner technologies. Such shifts are closely
tied to changes in employment structures and environmental outcomes. Xin et al.
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(2023) report a long-run increase in carbon emissions associated with
unemployment. Olofsson and Lundmark (2025) take a structural view of labour
supply in green industries shaped by contemporary globalization. They also note
that policy responses differ across contexts and often depend on employers. The
uneven effects of climate policies on labour point to the need for analyses that
consider regional and sectoral dynamics. With this in mind, Turkey is selected as
the empirical setting.

The selection and grouping of variables in the labour-environment nexus
draws on existing studies. Wei et al. (2018) serve as a key reference point. They
stress the importance of population characteristics in emission scenario analysis,
especially in the context of climate change. Yaman (2026) links changes in
environmental performance in Turkey to shifting global dynamics, policy
developments, growth in renewable capacity and rising investment in technology.
Demir (2025) describes Turkey as part of the Mediterranean basin, a region highly
vulnerable to climate change and notes that the country is directly exposed to these
transformations. Steps taken toward the 2053 net zero target reflect technical
progress. At the same time, they bring attention to issues of social justice and the
need for a fair transition. Atik et al. (2026) underline the importance of economic
growth for welfare. They also note that growth driven by industrial production is
associated with environmental degradation and climate change. Memis and Aydin
(2023) identify climate change as a major global challenge and report a positive link
between carbon emissions and economic growth. Bucak (2021) highlights the role
of renewable energy and points to a chain of relations connecting human
development, economic complexity and carbon emissions. Studies focused on
Turkey reach similar conclusions. Doksanyedi and Mecik (2024) find one way
causality running from employment to carbon emissions, with stronger effects in
energy intensive sectors. Murat and Sengtil (2024) draw attention to the negative
effects of climate change on growth and employment and suggest the expansion of
green jobs as a response. Akyazt and Korkmaz (2024) link human development,
carbon emissions and energy consumption to the emergence of a green economy.
Kapcak (2023) reports that unemployment, inflation and perceived corruption
increase the ecological footprint in Turkey. Sancar and Polat (2021) find
bidirectional links between health expenditures, economic growth and carbon
emissions and call for integrated policy approaches. Taken together, these studies
point to a dynamic interaction between environmental quality, economic growth,
employment, energy use and social indicators.

Existing work approaches the topic through different sets of variables and
viewpoints. Yu et al. (2023) link population ageing to shifts in labour structure.
These shifts affect industrial adjustment and leave a lasting imprint on carbon
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emissions. Drawing on this line of research, the analysis uses a set of core
indicators. These include carbon emissions per capita, GDP per capita, total labour
force, life expectancy, productivity measured as output per hour worked and
unemployment. The variables are then grouped to reflect their underlying
characteristics. GDP per capita, total labour force and productivity are treated
under the production side. Life expectancy and unemployment are considered
within socioeconomic conditions. Across the literature, the link between
unemployment and carbon emissions varies by country and region. At the same
time, studies that evaluate these indicators together through MCDM remain
limited. This study brings time series analysis, causality testing and MCDM into a
single framework. It offers a combined assessment of unemployment and carbon
emissions and seeks to address this gap in the literature.

Data and Methodology

The analysis begins with the econometric link between carbon emissions and
labour indicators. All variables are examined over a common period from 1990 to
2023. This span captures a wide range of developments in Ttrkiye at both macro
and micro levels. Several key events mark this period. The 5 April Decisions stand
as one of the early turning points (Gaytancitoglu, 2010). They are followed by the
Asian financial crisis of 1997 (Sungur, 1999) and the Russian crisis of 1998
(Saleem, 2009). The 1999 earthquake appears as an unexpected shock with distinct
economic effects (Aktirk & Albeni, 2002). The domestic economic crisis also
forms a major part of this timeline (Kazgan, 2021; Pamuk, 2021). The global
tinancial crisis of 2008 had wide-reaching consequences (Drezner & McNamara,
2013). More recent developments include the financial contagion effects observed
in 2018 (Ates, 2026; Ergtin, 2024a). A summary of the data used in the analysis is
provided in the following table.
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Table 1. Information on the Dataset (Time Series Analysis)

Series Abbrev.  Source

Carbon emissions per capita co Global Carbon Budget (2025)
GDP per capita gdp World Bank (20252)

Total labor force lbr World Bank (2025a)

Life expectancy life Human Mortality Database (2025)
Productivity: Output per hour worked  prod Penn World Table (2025)
Unemployment uemp FRED (2025)

Source: Table by the author.

The variables listed in Table 1 include large-scale series. A logarithmic
transformation is applied to stabilize variance. After this step, each series is marked
with the prefix [n. Methodological constraints related to the number of variables
lead to a two model setup. The series are divided into a production side model
(Equation 1) and a socioeconomic conditions model (Equation 2). This grouping
tollows the structure suggested in earlier studies (see Azam & Adeleye, 2024; Cui et
al., 2022; Fitzgerald et al., 2018; Liddle & Parker, 2024; Liu & Feng, 2022; Wang &
Li, 2021; Wang et al., 2023; Wei et al., 2018). The hypotheses tested in the study
are stated as follows:

There is no long-run cointegration relationship between
Hy; : carbon emissions and GDP, total labour force and labour
productivity, taking structural breaks into account.

There is a long-run cointegration relationship carbon
Hy; : emissions and GDP, total labour force and labour
productivity, taking structural breaks into account.

There is no long-run cointegration relationship between
Hy>, @ carbon emissions and life expectancy and unemployment,
taking structural breaks into account.

There is a long-run cointegration relationship between carbon
Hy, : emissions and li.fe expectancy and unemployment, taking
structural breaks into account.

The models estimated in line with these hypotheses are given in Equation 1
and Equation 2.

Inco; = By + B1Ingdp: + BrInlbry + Bilnprod; + & D
Inco; = By + Bilnlife; + folnuemp; + & 2)
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In Equation 1, Inco is specified as the dependent vatiable and &; represents
the error term. The relation between Y; and Y;—; helps capture the time path of
the series. A series is treated as stationary when its mean and variance remain
stable over time. If a unit root is present, standard regression results may become
misleading and spurious relationships may appear (Aktas, 2009: 37-38; Dikmen,
2018: 310). Stationarity is examined through unit root tests. A series without a unit
root is considered stationary. If a unit root exists, the series is non-stationary
(Ergtin, 2024b: 326). The analysis employs the ADF, KPSS and ZA unit root tests.
Among these, the ADF test is widely used in time series analysis (Nieh & Yau,
2004: 176). The notation for the model with a constant and a trend is given in

Equation 3.
p

AY; =a+yt+Pyi—1 + ) 6Ay_; +u, 3)
i=1
The hypotheses for the ADF unit root test are stated as Hp:ff = 0 and
H,:f < 0. Kwiatkowski et al. (1992) develop the KPSS stationarity test using the
Lagrange Multiplier (LM) statistic. In this framework, the null assumes stationarity,
while the alternative points to non-stationarity. The KPSS approach is often used

alongside unit root tests, as the two provide complementary evidence (Yavuz,
2004: 241).

T
LM = Z S2/q? ¥
i=1

Equation 4 presents the LM statistic used in the KPSS test. The KPSS is a
right-tailed test with the hypotheses stated as Hp: 0 2=0 and Hy:02 >0
(Bozkurt & Altiner, 2018: 172; Ozdemir, 2022: 270). Ignoring structural breaks in
econometric analysis can distort results and lead to systematic bias. For this reason,
a range of unit root tests with structural breaks has been developed in the
literature. Among these, the ZA unit root test is applied in this study. It builds on a
critique of the exogenous break assumption introduced by Perron (1989). The ZA
approach allows for an estimated break in the trend function under the alternative
hypothesis (Tirasoglu-Yildirim, 2014: 73). The specification that allows for breaks
in both the intercept and the trend is given below.

Ve = ﬁc + &C,\."t—l + Bct+ é-CDUt(j) + ?CDT;(;)

K

A . 5

+ Z cf Ayi—j +é; )
j=1

629



An Integrated Analysis of Labor-Environment Interactions Using Econometric Inference and Multi Criteria
Decision Making Frameworks

In Equation 5 A denotes the break point. DUy captures a shift in the
intercept, and DT} reflects a change in the slope. Within the ZA framework, the
presence of a unit root is assessed through the coetficient of Vy_;. Its statistical
significance provides the basis for the test. If the absolute value of the t-statistic
exceeds the ZA critical values, the null of a unit root with structural breaks is
rejected (Yavuz, 2006: 166; Yilanci, 2009: 328). Given the use of a unit root test
with structural breaks, the analysis of relationships between variables also relies on
methods that allow for such breaks. In this context, the Gregory-Hansen
cointegration test is employed. This test was introduced by Gregory and Hansen
(1996), and its notation is provided below (Tirasoglu & Yildirim, 2012: 114).

Vit = Byt @ a1 Vo T Q3 V2P e t=1,..,n 6)

Equation 6 specifies the model for a regime shift. In this setup, @y
represents the slope before the break, while @5 captures the change that occurs
after the break (Gregory & Hansen, 1996: 103). The notation for the Phillips test
statistics and the ADF test statistic is given in Equation 7.

Zz = er2a® . Zi=.4Z:) , ADF JADF() .

In the Gregory and Hansen (1996) cointegration test, the selected test
statistics are compared with their critical values. This comparison allows an
assessment of whether a cointegration relationship exists in the presence of a
structural break. To examine causal links between the wvariables, the Toda-
Yamamoto causality test is applied. Studies that combine the Gregory-Hansen
cointegration test with the Toda-Yamamoto approach can also be found in the
literature (see Aydinbas & Unliioglu, 2022; Besel & Savasan, 2014; Polat & Ergun,
2018; Sahin & Durmus, 2019). The application of the Toda-Yamamoto test
requires that the maximum order of integration, denoted as, d 45 does not exceed
the selected lag length k in the model. The test is carried out based on the
augmented specification kK + d 0y (Toda & Yamamoto, 1995: 230). An example
of the test in a two variable system with lags is provided in Equations 8 and 9
(Alimi & Ofonyelu, 2013: 131).

Z m Z m+dmax Z m Z m+dmax
— 4
i=1 i=m+1 i=1 i=m+1

8
+vy )
m m+dmax m
F A b Y
o=¢+ Z VP 4 +Z OV A '*'Z BiXe—
i=1 i=m+1 i=1
m+dmax 9)
+ ﬂiXt—f + .UZ
i=m+1
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Equations 8 and 9 define m as the optimal lag length, while d,;,4, denotes
the maximum order of integration in the system. The error terms in the models are
represented by vy and V5. The null states that X does not cause ¥ whereas the
alternative allows for a causal link (Koca & Yildirim, 2021: 455). Based on this
tramework, Toda and Yamamoto (1995: 233) show that the Wald test in a VAR
model of order k + (dqy) follows a chi-square distribution. The analysis then
proceeds with MCDM methods.

Table 2. Information on the Dataset (MCDM)

Opt. - Opt. - ARIE

MEREC Literature

Criteria

Kekdl (2025), Senir and Atl (2025), Republic
co C T of Turkiye Updated First Nationally

Determined Contribution (2023)

Ortlek (2026), Demir (2026), Presidency of

gdp B T Strategy and Budget Presidency of The
Republic of Tturkiye (2025)

lbr B B Ordu and Tekman (2025), Eker et al. (2013)

life B B Ritmak et al. (2023), Artkan-Kargt (2025)

prod B B Fernald et al (2021), Asher et al. (2021)

uemp C C Birol (2024), Arslan (2023)

The table includes all criteria. In the implementation stage, only variables with at least one
causal link are retained. C denotes cost criteria, B refers to benefit criteria and T indicates
target criteria. No logarithmic transformation is applied, as MCDM methods rely on their
own normalization procedures.

Source: Table by the author.

The optimization directions for the criteria in Table 2 are set based on the
literature for benefit and cost categories. For target criteria, official reports are used
as reference. For the €0 criterion, the target follows the 2053 strategy with a 41%
reduction goal. For gdp, the target is aligned with the Medium Term Programme
(MTP)-2028. In the Medium Term Programme of Turkey, the heading Main
Economic Indicators sets a per capita GDP target of 20,987 USD for 2028
(Presidency of Strategy and Budget Presidency of The Republic of Turkey, 2025:
49). Based on this, the target value used in the normalization of the gdp criterion is
taken as 20,987 USD. Turkey’s first Nationally Determined Contribution under the
Paris Agreement was published in 2012. In 2023, the country declared a 41 percent
reduction relative to the 2012 baseline scenario (Bahg¢ekapili, 2025: 347; Economic
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Development Foundation, 2025). Accordingly, the value of 4.7694 for 2012 is
reduced by 41 percent. The resulting value of 2.8139 is used as the target for the co
criterion in the normalization procedure. In this study, target values for gdp and

co were taken from official reports and set at 20,987 USD and 2.8139,
respectively. These values were entered manually into the INNOVRANK interface
provided by Fauzi et al. (2025), and the ARIE procedure was carried out
accordingly. No additional calculations were applied, except for a 41% reduction in
Turkey’s co value in 2012. This reflects the practical and flexible structure of the
ARIE method. The normalized values and target values are also reported in the
Appendix-A. The MEREC method is used to determine the weights of the criteria.
Proposed by Keshavarz-Ghorabaee et al. (2021), MEREC calculates the objective
weights of criteria. Unlike other methods, it considers the impact of each criterion
on alternative performance as a weighting measure. The main advantages of this
method are as follows. Criterion weights are derived directly from the data set and
do not depend on decision maker judgment. This reduces subjective bias. The
effect of each criterion is examined by observing changes after its removal, which
makes its contribution to the decision process clear. The notation of the method is
provided in the Appendix-B and further details are available in the original study
(see Keshavarz-Ghorabaee et al., 2021: 8-9).

The ARIE method, introduced by Fauzi et al. (2025), is used to rank the
alternatives. It extends standard normalization approaches by including a target-
oriented structure alongside benefit and cost criteria. The method relies on a

scoring function with two parameters. The sensitivity parameter ¥ controls the

effect of deviations. The balance coefficient k regulates the trade-off between
closeness to the ideal and distance from the anti-ideal. The ARIE method uses a
target based normalization structure that goes beyond benefit and cost criteria. It
allows each criterion to be evaluated with a reference point based on expert
judgment, regulatory standards, historical averages, or strategic targets. This
provides flexibility in the analysis. As a relatively recent method, ARIE also
supports applications that align with current data sets and policy goals. The
notation of the method is given in the Appendix-C and further details can be
found in the original study (see Fauzi et al., 2021: 5-8).

Sensitivity checks rely on two procedures. The MEREC method uses a
LOO approach. The ARIE method relies on scenario analysis. In the LOO, each
criterion is removed in turn. The MEREC method is then run again with the
remaining criteria, and the weights are recalculated. This allows a direct view of
how each criterion affects the others. In the scenario analysis, each criterion weight
is increased and decreased by 10 percent. The total weight remains equal to 1. The
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remaining weights are adjusted proportionally. After each change, alternative
scores are recalculated and shifts in ranking are examined. The LOO procedure
appears frequently in regression models and MCDM studies (Gramatica et al.,
2007; Kizielewicz & Baczkiewicz, 2025; Wang et al., 2025). Scenario analysis with
10 percent changes is also widely used as a robustness check (Qaradaghi &
Deason, 2018; Wu et al., 2021). Econometric analyses are carried out using EViews
11.0 and STATA 15.0. MEREC calculations and its sensitivity checks are handled
in Microsoft Excel 16.0. The ARIE method and its scenario analysis are
implemented through the INNOVRANK. The next section presents the empirical
tindings based on these methods and discusses the results in detail.

Findings

The analysis begins with the econometric relationship between carbon emissions
and labor indicators. The time path of the series is presented in Figure 1.
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Figure 1. Temporal Trajectories of the Series
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Figure 1 shows a general upward trend in most series over the long run.
Unemployment follows a more volatile path and shows a slight decline in recent
years. Descriptive statistics for the series are given in Table 3.
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Table 3. Descriptive Stats

Mean Median Skewness  Kurtosis Jf;igle— Probability
Inco 1.3769 1.4369 0.2162 1.6413 2.8525 1.5431
Ingdp 9.0001 8.9873 0.2583 1.7272 2.6729 0.2627
Inlbr 17.0676 16.9767 0.4523 1.7900 3.2335 0.1985
Inlife 4.2966 4.3036 -0.3776 1.8935 2.5426 0.2804
Inprod 3.4787 3.4511 0.2430 1.5148 3.4594 0.1773
[nuemp 14.7106 14.7231 0.0408 1.8557 1.8644 0.3936

Source: Obtained as an output from the EViews.

The mean and median values are close across all variables. This suggests that
extreme values do not play a strong role in the series. In the literature, skewness is
expected to fall between -1 and +1. Kurtosis is expected to lie between -2 and +2
(Uysal & Kilig, 2022: 223). The results in Table 2 largely meet these ranges. Under
the normality assumption, the Jarque-Bera statistic should be below five. The
probability value should exceed 0.05. A probability above 0.05 indicates normally
distributed errors (Dereli, 2014: 257; Teyyare, 2018: 130; U¢an & Sarag, 2020: 700-
701). In this study, all probability values from the Jarque-Bera test are above the 5
percent level. This does not contradict the normality assumption. Overall, the data
show a stable structure and appear suitable for analysis. Before moving to unit root
tests, regression results are reported to guide model selection.

Table 4. Model Decision Results for Constant and Trend

M Inco Ingdp Inlbr Inlife Inprod  lnuemp

Constant 1.0281 8.4529 16.7879 4.2290 2.9282 14.2239
[0.0000]  [0.0000]  [0.0000]  [0.0000]  [0.0000]  [0.0000]

Trend 0.0211 0.0331 0.0169 0.0040 0.0333 0.0295

[0.0000]  [0.0000]  [0.0000]  [0.0000]  [0.0000]  [0.0000]

The values in this table represent the coefficients of the regression model. The figures in parentheses indicate
the corresponding probabilities.
Source: Obtained as an output from the EViews.

The results show that both the constant and trend specifications are

statistically significant for all variables. The analysis therefore proceeds with models
that include both a constant and a trend.
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Table 5. Results of ADF, KPSS and ZA

T Inco Ingdp Inlbr Inlife Inprod  Inuemp

ADF -2.8562 -2.5300 -1.6202 -1.8845 -2.9006 -2.6704

KPSS 0.1215%* 0.1772 0.1647 0.1872 0.1455%* 0.0736

7A -4.4362 -4.1388 -3.5834 -4.3974 -4.7648 -4.9834
[2006] [1999] [2003] [2016] [2005] [2001]

T Alnco Alngdp  Alnlbr Alnlife  Alnprod Alnuemp

ADF -5.2741%*  _3.8786%*F  -4.5389%F  _50528** = -59408** = -52435%*

KPSS 0.1389** 0.2892+* 0.1650%* 0.3772%* 0.2010%* 0.1849**

ZA -6.5941FF  -6.1404%F  -6.8789%F  -6.9062FF  -8.8956*F = -5.6604**

The symbol A denotes the first difference of the series. For the ADF test, critical values
follow MacKinnon (1996). At the level form, the values are -4.26, -3,55 and -3,20 for the
1%, 5%, and 10% significance levels. For the first difference, the values are -2.63, -1.95 and
-1.61. For the KPSS test, critical values are based on Kwiatkowski et al. (1992). At the level
form, they are 0.216, 0.146, and 0.119. For the first difference, they are 0.739, 0.463, and
0.347. The Newey-West bandwidth is used in the KPSS test. In the ADF test, a user-
specified lag length of 0 is selected following Dikmen (2018). The reported statistics refer
to the t-statistic (7) for the ADF test, the LM statistic for the KPSS test, and the t-statistic
for the ZA test. In the ZA test, values in brackets indicate the break dates. The lag length is
set to one. The critical values for the ZA test at the level form are -5.57, -5.08 and -4.82.
For the first difference, they are -5.34, -4.93 and -4.58. ** indicates significance at the 5%
level.

Source: Obtained as an output from the EViews.

In time series analysis, taking first differences removes the constant and
trend components (Dikmen, 2018: 321). This is taken into account during the
differencing process. The unit root test results show that, under the ADF test, the
t-statistics (T) for all series are smaller in absolute value than the critical values at
the 5% level. The null hypothesis is therefore retained, and the series are treated as
having a unit root. The KPSS test yields a different pattern. Except for [nco and
Inprod, the .M statistics fall below the asymptotic critical values at the 5% level.
For these series, the null of stationarity is rejected. The contrast between ADF and
KPSS results is notable. Figure 1 also suggests the presence of structural breaks.
For this reason, the ZA test is applied. Under the ZA test, the t-statistics at level
form remain below the critical values. The null hypothesis is retained. Once first
differences are taken, the series become stationary with structural breaks. For the
differenced series, the null is rejected and the alternative is accepted (Goksu &
Balki, 2023: 50-52). The estimated break dates are 2006 for Inco, 1999 for
Ingdp, 2003 for Inlbr, 2016 for Inlife, 2005 for Inprod and 2001 for

[nuemp. These results point to the presence of structural breaks in all series.
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Overall, the series are non-stationary at levels when structural breaks are
considered. They become stationary after first differencing. Long-run relationships
are examined using the Gregory-Hansen cointegration test with structural breaks.
Results for both models are reported in Table 6.

Table 6. Results of Gregory-Hansen Structural Break Cointegration Tests

Asymptotic Critical Values

T Test-Stat Date ” - 10%
For Equation 1

ADF -7.01 2007 -6.89 -6.32 -6.16
Zt -7.01 2007 -6.89 -6.32 -6.16
Za -41.98 2007 -90.84 -78.87 -72.75
For Equation 2

ADF -5.90 2005 -6.45 -5.96 -5.72
Zt -5.99 2005 -6.45 -5.96 -5.72
Za -35.66 2005 -79.65 -68.43 -63.10

For Equation 1 and 2, the lag length is set to 1 based on VAR analysis and the Schwarz
criterion (SC). For the Gregory-Hansen test, breakpoints follow the regime shift with trend
specification and the Bayesian criterion is used.

Source: Obtained as an output from the STATA.

Table 6 shows a strong cointegration relationship among the variables in
Equation 1 under structural breaks. For Equation 2, the relationship is weaker
compared to the first model. The break years differ across models. For Equation 1,
the shift appears in 2007. For Equation 2, it appears in 2005. This points to changes
in the long-run structure over time and suggests that parameters vary across regimes.
Table 6 shows a strong cointegration relationship among the variables in Equation 1
under structural breaks. For Equation 2, the relationship is weaker compared to the
first model. The break years differ across models. For Equation 1, the shift appears
in 2007. For Equation 2, it appears in 2005. This points to changes in the long-run
structure over time and suggests that parameters vary across regimes. The results in
Table 6 indicate that the second model, which includes unemployment and life
expectancy, provides weaker evidence of cointegration. The absolute values of the
ADF and Zt statistics (-5.90 and -5.99) are lower than those of the first model and
remain below the 1% critical values. At the 5% level, these statistics are close to the
critical thresholds. In contrast, the first model exceeds even the 1% critical values,
indicating a stronger long-run relationship. The results of the Toda-Yamamoto
causality test are reported below for each model separately.
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Table 7. Findings from the Toda-Yamamoto Causality Test

Direction Prob. Hyp. Direction Prob. Hyp.
Ingdp — Inco 0.0265 H, Inlife — Inco 02477  H,
Inlbr — Inco 0.0097  Hy Inuemp — Inco 01770  H,
Inprod — Inco 01209  H, Inco — Inlife 0.0106  H,
Inco — Ingdp 0.8133  H, [nuemp — Inlife 05594  H,
Inlbr = Ingdp  0.6832 H, Inco —» Inuemp 09424  H,
Inprod — Ingdp 0.8835 H, Inlife —» Inuemp 0.6610  H,
Inco — Inlbr 0.3471 H,

Ingdp — Inlbr  0.0851 H,
Inprod — Inlbr 00000  H,
Inco — Inprod 07852 H,
Ingdp — Inprod 0.1655 H,
Inlbr = Inprod 00834  H,

Hyp. denotes the accepted hypothesis. For Equation 1, k¥ + @pmax = 3. For Equation 2
k + dmax = 2. Since the results need to be compared with the chi-square critical values at k
degrees, Excel is used alongside EViews.

Source: Obtained as an output from the EViews and Excel.

The Toda-Yamamoto causality test is also checked with diagnostic tests. For
Equation 1, the Doornik-Hansen normality test yields a probability of 0.0778. The
LM test for autocorrelation gives 0.9480. The probability for heteroskedasticity is
0.3400. For Equation 2, the Doornik-Hansen probability is 0.3041. The LM
autocorrelation test gives 0.7820. The heteroskedasticity probability is 0.2073. All
probability values exceed 0.05. This indicates no diagnostic problems in the Toda-
Yamamoto causality results for either model. The causality analysis identifies one

way links from Ingdp to Inco, from Inlbr to Inco, and from Inprod to

Inlbr. For Equation 2, there is also a one way link from Inco to Inlife. Based
on these results, the variables with at least one causal connection are selected.
These are carbon emissions per capita, GDP per capita, total labor force,
productivity (measured as output per hour worked) and life expectancy. The
unemployment variable is also examined within a robustness analysis and the
results are presented in the Appendix-D. Its low weight (0.0262) indicates a limited
role, and the rankings remain largely unchanged. The exclusion of the
unemployment variable is guided by the existing literature. Vardopoulos and
Konstantinou (2017: 100, 109) report a correlation between unemployment and
carbon emissions, yet this relationship does not indicate a stable or conclusive link.
Evidence also shows that socio-economic variables do not always yield statistically
significant effects on environmental indicators (Adesina and Mwamba, 2019: 155;
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Lebe and Akbas, 2025: 627, 632-635). Pickson et al. (2024: 1) note that these
relationships vary across income groups. In this study, the unemployment variable
is not included in the MCDM analysis due to the results of the time series causality
analysis. For the period 1990-2023, no statistically significant or directional
relationship is identified between unemployment and carbon emissions. The
selection of variables therefore follows a criterion based on explanatory relevance
and internal consistency. Variables that are not supported by causality results are
not carried into the MCDM framework. At the same time, excluding
unemployment does not imply that it has no influence on carbon emissions. The
decision reflects the need to maintain consistency between the methods employed
and the period under examination. These variables are used as criteria in the
MCDM analysis. Annual alternatives are ranked over the period 1990-2023. The
findings from the MEREC method are reported in Table 8.

Table 8. Results of MEREC

wco wgdp wlbr wlife wprod

Weights 0.2421 0.2851 0.1505 0.0488 0.2733

x=round(x,4). The symbol w denotes the weight of the corresponding criterion.
Source: Table by the author.

The MEREC results in Table 8 show clear differences in the relative
influence of the criteria on the decision problem. gdp has the highest weight at

0.2851. It is followed by prod with 0.2733 and co with 0.2421. The Ibr has a

moderate weight of 0.1505. life has the lowest weight at 0.0488. After
determining the weights, the alternatives defined by years are ranked using the
ARIE method. The results are presented in Table 9.

Table 9. Results of ARIE

A RC A RC A RC A RC
1990 0.4931 1999 0.5103 2008 0.5627 2017 0.6493
1991 0.4175 2000 0.5152 2009 0.5630 2018 0.6583
1992 0.4929 2001 0.5200 2010 0.5820 2019 0.6687
1993 0.5030 2022 0.5221 2011 0.5956 2020 0.6729
1994 0.4973 2003 0.5149 2012 0.6018 2021 0.6678
1995 0.5068 2004 0.5282 2013 0.6223 2022 0.6875
1996 0.5120 2005 0.5375 2014 0.6290 2023 0.5856
1997 0.5163 2006 0.5471 2015 0.6380

1998 0.5181 2007 0.5498 2016 0.6413

x=round(x,4). A denotes the alternatives and RC refers to compute relative closeness and ranking.
Source: Obtained as an output from the INNOVRANK.
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The ARIE results in Table 9 show that RC values follow a general upward
trend over the long run. This pattern is interrupted by periodic fluctuations. RC
starts at 0.4931 in 1990. It drops to 0.4175 in 1991. In the following years, the
series recovers gradually and records modest and relatively stable increases during
the second half of the 1990s. From the eatly 2000s onward, the upward movement
becomes more pronounced. After 2004, the pace of increase accelerates. During
the 2010s, the index moves steadily upward. After 2010, RC values rise above 0.58
and maintain a consistent increase. The series reaches its peak at 0.6875 in 2022. In
2023, it falls to 0.5856 and shows a decline. Figure 2 presents the time path
evolution of the computed relative closeness and ranking values across the analysis

period.

Figure 2. Time-Path Graphs of the RC Results with Sim Best and Sim
Worst
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Source: Created by the author based on the findings obtained from INNOVRANK

The ARIE results indicate that the rise in RC wvalues is driven by
simultaneous changes in Sim Best and Sim Worst. From the mid-2000s onward,
Sim Best shows a clear upward pattern. At the same time, Sim Worst declines
steadily. In line with the targets set by Turkiye, reference values of 20,987 USD for
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gdp and 2.8139 for co are defined in the model. These targets are directly
included in the normalization stage. The analysis compares each alternative in
terms of its distance to these values and its deviation from the anti-ideal. The
results show higher Sim Best values and lower Sim Worst values. This pattern
indicates a closer alignment with the targets and a greater distance from the anti-
ideal. The increase in RC reflects both effects together. Closeness to the ideal

improves, and distance from the anti-ideal also grows. In 2023, RC declines. Sim
Best remains high, but Sim Worst increases sharply. This suggests that, despite
staying close to target values in some criteria, the alternatives move closer to the
anti-ideal in others. As a result, overall performance weakens. Within the
robustness analysis, unemployment is included and the MEREC and ARIE
methods are applied again. The weight of this criterion is the lowest at 0.0262. The
rankings remain largely stable, with only minor changes between 2019 and 2021.
These results are reported in the Appendix-D. They support the decision to
exclude unemployment from the main model on methodological and numerical
grounds. The results of the LOO procedure applied to the MEREC method are
reported in Table 10.

Table 10. LOO Procedure Results

LC co gdp Ibr life prod
co 0.3766 0.1988 0.0650 0.3597
gdp 0.3277 0.2128 0.0682 0.3912
lbr 0.2827 0.3372 0.0570 0.3231
life 0.2578 0.2989 0.1571 0.2862
prod 0.3221 0.4014 0.2095 0.0671

x=round(x,4). The symbol LC denotes the leave-one-out criterion.
Source: Table by the author

Percentage changes relative to the original weights were also calculated to facilitate
the interpretation of the findings presented in Figure 3.
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Figure 3. Percentage Change the LOO Procedure
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The percentage changes from the LOO procedure show how each criterion

affects the system. When €0 is removed, all other criteria increase by roughly 31-
33%. The pattern is similar across variables. This suggests a balancing role within
the system. Removing gdp produces the largest deviations. The increases exceed
41% for both prod and labor. This points to a central role for gdp in the
model. When [br is excluded, the changes remain more limited. The increases fall
between 16% and 18%. This indicates a2 moderate influence. Excluding lif e leads
to the smallest changes. The increases stay within the 4-6% range across all criteria.
When prod is removed, the remaining criteria rise by about 33-40%. This again
signals a strong influence. The results of the scenario analysis are presented in the
tigure below.
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Figure 4. Scenario Analyses Variation Ranges
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The results of the scenario analysis are presented in Figure 4. A 10%
increase and decrease is applied to each criterion weight. Despite these changes,
the ranking of alternatives remains largely unchanged. This indicates a stable
structure and strong robustness to weight variations. The findings are examined in
greater detail in the next section, with both conceptual and empirical aspects
discussed in a comparative mannet.

Discussion

The discussion centers on how carbon emissions relate to labor dynamics across
production and socioeconomic dimensions. The overall pattern suggests that
changes in emissions are closely tied to production activity and economic scale.
The distributional features observed in the data can be linked to Turkey’s growth
trajectory, particularly the expansion that followed the early 2000s (Credit Agricole
Group, n.d.; OECD, 2025; Sungur, 2015: 247-252; World Bank, 2025). At the
same time, periods of instability leave visible marks on the series, which is
consistent with the fluctuations documented in earlier work (Haydaroglu & Cirak,
2024: 658; Kazgan, 2021: 250-251). The break dates identified in the analysis
correspond to well-known turning points in the Turkish economy. The mid-2000s
stand out as a period shaped by structural adjustments, shifts in external balances
and changes in productivity dynamics (Kazgan, 2021: 249; Yalgin, 2010: 200).
Demographic change also plays a role in shaping long-term patterns, particularly
through gradual shifts in life expectancy (Tekin & Kara, 2018: 222-223). Earlier
crisis periods, especially around the turn of the century, appear in the data through
breaks in income and labor-related indicators (Pamuk, 2021: 278, 282-283).
According to Kazgan (2021: 249), the manufacturing sector sustains itself between
1998 and 2003 by raising labor productivity rather than employment. This pattern
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is described as a resource effect of unemployment. Taken together, these elements
point to an economy where structural transformations, rather than short-term
fluctuations, shape the relationship between labor and emissions. The
cointegration and causality findings reinforce this interpretation.

Production related variables display a more direct and stable connection
with emissions. GDP per capita, labor and productivity emerge as central
components of this relationship. In contrast, life expectancy and unemployment
operate through less direct channels. Their links with emissions appear weaker and
more dispersed over time. This difference suggests that emission patterns in
Turkey are closely tied to the scale and structure of production, as well as to energy
use embedded in economic activity. Similar arguments are raised in studies that
connect emissions to structural and institutional conditions (Pelit and Avsar, 2025:
1, 13; Liddle and Parker, 2024: 7). These patterns carry over into the multi criteria
analysis. The variables selected through causality testing form a coherent set for the
MCDM framework. The MEREC results assignh comparable importance to carbon
emissions, GDP per capita and productivity. This outcome undetlines the role of
growth related factors in shaping the interaction between labor and the
environment. Farlier studies report similar links between economic expansion and
environmental pressure (Kiiliink, 2018; Ozdemir & Kog, 2020; Oztiirk & Saygin,
2020). The ARIE rankings highlight a distinct period of relatively strong
performance between 2019 and 2022. This phase coincides with improvements in
income and productivity alongside a more contained increase in emissions. The
temporary nature of this pattern should be noted. Global evidence points to a
short lived decline in emissions during the pandemic period (Ray et al., 2022: 1;
Sikarwar et al., 2021: 1, 6). Turkey’s growth performance during the same period,
supported by domestic demand, also shapes the observed ranking outcomes (IMF,
2021). The reversal in 2023 suggests that earlier gains do not fully persist once
these conditions change. The role of unemployment is also checked through a
robustness exercise reported in the Appendix-D. Its low weight (0.0262) and the
absence of notable changes in rankings indicate a limited contribution to the
overall results.

Results and Policy Recommendations

There is a complex relationship among economic growth, employment and
environmental sustainability. It involves multiple dimensions and mutual
interactions. A comprehensive view of these links helps clarify the policy
implications of the empirical results. In Turkey, industrialization, population
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growth and global economic processes shape environmental quality. Examining
the drivers of environmental change remains an important research task.

The results indicate that economic growth and labor expansion in Turkey are
associated with higher carbon emissions per capita. Growth oriented policies need
to account for environmental costs and align with green transformation goals.
Energy efficiency in industry and production should be strengthened. The use of
renewable energy needs wider adoption. The shift toward low carbon technologies
also requires stronger support. Causality from carbon emissions to life expectancy
highlights the link between environmental quality and public health. Policies that
reduce air pollution and carbon emissions deserve greater emphasis. The causality
from productivity to labor suggests that gains in efficiency shape employment
structures. This brings education and technology oriented policies to the forefront,
especially those that support a skilled workforce. The MCDM results point to
GDP per capita as the most influential criterion in the labor-environment decision
framework in Turkey. Productivity and carbon emissions follow. This pattern
underlines the need to consider growth and productivity together with their
environmental effects. Policy design should aligh economic expansion with
environmental sustainability. Efforts to reduce carbon intensity in production
technologies remain a key priority.

Considering the econometric findings together with the MCDM results
provides a clearer interpretation of the overall picture. Production related variables
stand out in both causality and cointegration analyses, and they also receive higher
weights in the MCDM results. This points to a consistent pattern across the
findings. Emission dynamics in Turkey appear closely linked to production,
productivity and income, whereas socioeconomic variables follow a more indirect
path. At the same time, the joint use of these methods requires careful
interpretation. Hconometric analysis reflects causal structure, while MCDM
focuses on relative importance and ranking. The results therefore depend on the
chosen framework. In this sense, rankings should be read as relative outcomes
shaped by the selected criteria, weighting scheme and model assumptions, rather
than as absolute performance measures.

This study differs from Keklik and Dursun (2025) in both its findings and
its scope, as it does not include urbanization. It shows closer alignment with the
results reported by Oztiirk and Saygin (2020). Some limitations remain. The
analysis focuses on a specific period and a limited set of macroeconomic variables.
Other factors that shape environmental quality, such as institutional structure,
energy policies and technological change, are not included. The causality analysis
identifies directional links between variables. It does not provide detailed insight
into the magnitude or deeper structure of these relationships. The MEREC
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method offers an objective way to assign weights, yet the results depend on the
data set and the selected criteria. The findings are specific to Turkey. Their
relevance for other countries or time periods may therefore be limited. In this
study, criteria are selected based on causality relationships among the variables.
Only those with at least one causal link are included in the MCDM analysis.
Unemployment is excluded since no significant relationship is found in the
causality tests. At the same time, leaving out a potentially relevant variable such as
unemployment is considered a limitation of the study. Future research could
further integrate econometric findings with MCDM procedures, particularly in the
stages of criterion selection and weighting. The role of unemployment may also be
revisited under alternative model settings, given its sensitivity to specification and
time period. Extending the framework with additional variables such as renewable
energy use, energy consumption patterns, technological change and institutional
tactors would provide a broader view of labor-environment relationships.

Genis Ozet

Bu calismada Turkiye’de emek piyasast dinamikleri ile ¢evresel gostergeler
arasindaki  karsilikli  etkilesimlerin =~ butincul  bicimde analiz  edilmesi
amaclanmaktadir. Ekonomik buylime, isttihdam, karbon emisyonlart ve tretkenlik
gibi temel goOstergeler genellikle birbirinden bagimsiz alanlara aitmis gibi ele
alinmakla birlikte 6zellikle son yillarda strdirilebilir kalkinma tartismalarinin
merkezine yerlesen cevresel baskilar emek piyasasinin da ¢evresel maliyetlerden
etkilendigini gostermektedir. Uretim yapisindaki déniistimler, enerji titketim
kaliplari, teknolojik yenilikler ve sektorlerin farkli gevresel duyarlilik dizeyleri
isglicii piyasast gostergelerinin gevresel faktorlerle hem dogrudan hem de dolaylt
bicimde baglantili olabilecegine isaret etmektedir. Turkiye’nin yapisal Ozellikleri
dikkate alindiginda bu gostergeler arasindaki iliskinin ¢ok boyutlu bir analitik
cerceve gerektirdigi degerlendirilmektedir. Bu motivasyonla ¢alisma iki yontemsel
bilesen iizerine insa edilmistir. Ilk asamada karbon emisyonlart ile emegin, tiretim
ve sosyo-ckonomik dinamikleri arasinda uzun dénemli ve nedensel iliskilerin olup
olmadigt zaman serileri analizleri ile incelenmistir. Birim kok testleri her iki
modelde de serinin kalict soklar icerdigini gostermistir. Tahmin edilen kirilma
tarihleri kisi bast karbon emisyonlari icin 20006, kisi bast GSYH ic¢in 1999, isgiicii
icin 2003, yasam beklentisi i¢in 2016, emek verimliligi icin 2005 ve issizlik icin 2001
olarak belirlenmistir.

Karbon emisyonlar, kisi bast gelir, toplam isgiici ve verimlilik
degiskenlerinde hafif saga carpiklik dikkat cekmektedir. Basiklik acisindan ise seriler
daha yayvan bir yapt gostermektedir. Bu saga carpik gérinim Turkiye’nin uzun
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dénemli biiyiime dinamikleriyle uyumludur. Ozellikle 2000°li yillardan sonra
ekonomik genisleme, sanayilesme ve tretim artis1 daha belirgin hale gelmistir. 2001
krizi sonrasinda sanayi ve hizmet sektOrlerinde art arda buylime doénemleri
yasanmustir. 2000°li yillarin ortasindan itibaren uygulanan politikalar ve reformlar
eckonomik yapiyt gérece ve nicel agidan giiclendirmistir. Bu siirecte gelir dizeyi
yukselmis ve kisi basina dusen gelir artmistir. Zaman icinde serilerin daha ytiksek
degerlere dogru yogunlasmast dagilimin sag kuyrugunun uzamasina yol a¢mistir.
Serilerin yayvan dagilm Ozellikleri ekonomik dalgalanmalar ve kriz donemleriyle
iliskilendirilebilir. Geleneksel birim kok testleri diizey degerlerinde birim kok iceren
serilerin duragan olmadigini géstermektedir. Bu tir serilerde ortaya c¢ikan soklarin
etkileri kalict nitelik tasimaktadir. Demografik yapidaki degisim de dikkat
cekmektedir. Ozellikle ileri yas grubunun toplam niifus icindeki payt zamanla
artmistir. Bu durum yasam beklentisi gOstergelerinde gozlenen degisimlerle
ortismektedir. Ekonomik kriz dénemleri, gelir ve isglicti gostergelerinde belirgin
kirllmalar yaratmistir. Bu stiregte Uretim yapisinda doniisim yasanmustir. Bazi
sektorler istthdami artirmak yerine verimlilik artist yoluyla ayakta kalmaya
calismustir. Verimlilikte gozlenen degisimler, doviz kuru hareketleri ve buyime
hizindaki yavaslamalarla birlikte degerlendirilmektedir. Aynt donemde dis agiklarin
genislemesi ve karlilik oranlarinin gerilemesi de dikkat ¢cekmektedir. Genel olarak
bulgular, ekonomik gelismelerle uyumlu bir géruniim sunmaktadir. Esbiitiinlesme
ve nedensellik sonuglari dikkate alindiginda da benzer bir egilim goérilmektedir.
Makroekonomik  verilerin  analiz  edilmesi ekonomik  politikalarin
degerlendirilmesinde temel bir yaklasim olarak kullanilmaktadir. Son yillarda iklim
olaylarinin daha sik hale gelmesiyle birlikte ekonomik biiyuime, niifus yapist ve
issizlik gibi gostergelerde de degisimler yasanmistir. Yesil ve temiz enerji
kullaniminin artmast karbon emisyonlarinin azalmasiyla birlikte istthdam yapisinda
da dontisimler yaratmaktadir. Bu siirecte sektorler icinde ve arasinda yapisal
degisimler ortaya citkmaktadir. Elde edilen bulgular, tretim odakli degiskenlerin
sosyoekonomik degiskenlere kiyasla daha gliclii bir uzun dénem iliskisi sergiledigini
gostermektedir. Bu durum karbon emisyonlarinin tretim faaliyetleri, enerji
kullanomi  ve ekonomik biyime ile dogrudan baglantili  olmasindan
kaynaklanmaktadir. Kisi bagt gelir, isgiici ve verimlilik emisyonlarin temel
belitleyicileri olarak 6ne ¢itkmaktadir. Buna karsilik yasam beklentisi ve issizlik gibi
degiskenler daha dolaylt etkiler tzerinden iliski kurmaktadir. Bu nedenle uzun
donem iligkileri daha zayif gérinmektedir. Tirkiye ekonomisinin Gretim ve enertji
yogun yapist bu sonucu desteklemektedir. Analizler, Uretim tarafinda ve
sosyoekonomik gostergelerde farkli dénemlerde yapisal degisimlerin yasandigini
gostermektedir. Bu degisimler ekonomik yapidaki dontsimler ve kriz siirecleriyle
iliskilendirilmektedir. Nedensellik bulgulart isgiicti piyasasi ile karbon emisyonlari
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arasinda yapisal bir bag oldugunu ortaya koymaktadir. Bu durum, istihdam ve ¢evre
politikalarinin birlikte ele alinmast gerektigini gostermektedir. Karbon emisyonlart
yalnizca teknik bir gosterge degildir. Ekonomik yapi, kurumsal kapasite ve
surdurulebilirlik politikalart ile birlikte degerlendirilmesi gereken ¢ok boyutlu bir
yapiya sahiptir. Genel olarak sonuglar, ekonomik gelismeler ile cevresel gostergeler
arasinda guclii bir etkilesim bulundugunu ve bu iliskinin politika tasariminda
dikkate alinmasi gerektigini ortaya koymaktadir.Nedensellik sonuclarina gore en az
bir nedensellik iliskisi iceren degiskenler (karbon emisyonlari, kisi bast gelir, toplam
isglicli, saat basina uretim olarak 6lctilen verimlilik ve yasam beklentisi) ¢ok kriterli
karar verme analizinde kriter olarak kullanilmistir. 1990-2023 doénemi icin yillar
alternatif olarak siralanmistir. MEREC sonuglari, karbon emisyonlari, kisi bast gelir
ve verimlilik kriterlerinin birbirine yakin ve yiksek agirliklara sahip oldugunu
gostermektedir. Bu durum Tirkiye’de emek ve gevre etkilesiminin biyiik Olctide
biytime dinamikleriyle sekillendigini gostermektedir. Bu ti¢ kriter, tiretim strecinin
temel unsurlarini ve ekonomik faaliyetlerin 6lgegini dogrudan yansitmaktadir.
ARIE sonuglart yillarin performans siralamasint ortaya koymaktadir. 2019-2022
donemi en ylksek performansin goruldigi donem olarak 6ne ¢itkmaktadir. Bu
durum karbon emisyonlarinin daha kontrolli bir seyir izlemesiyle iliskilidir.
Analizde karbon emisyonlart azaltilmas: gereken bir kriter olarak ele alinmistir. Bu
donemde emisyon artis hizinin smirl kalmasi ekonomik gostergelerle birlikte
toplam performanst yukar: tasimustir. Pandemi etkisi ve emisyonlardaki gorece
dengeli seyir de bu sonucu desteklemistir. 2020 yilinda kiresel l¢ekte emisyonlarda
dists gozlenmis, ancak bu azalmanin kalict olmadigi degerlendirilmistir.

Sonug olarak bu konuda sunulacak Oneriler de bu butinlesik iliski dikkate
alinarak tasarlanmaktadir. Ekonomik buytime politikalart gevresel maliyetleri
dikkate alacak sekilde yesil doniistiimle uyumlu hale getirilmelidir. Sanayide enerjt
verimliligi artirilmalt ve yenilenebilir enerji ile diisiik karbon teknolojileri daha glicli
bicimde desteklenmelidir. Hava kirliligi ve karbon emisyonlarint azaltmaya yonelik
politikalar giiclendirilmeli ve cevre kalitesi ile halk sagligt arasindaki iliski politika
tasariminda dogrudan gozetilmelidir. Verimlilik artisinin  istthdam  yapisint
sekillendirdigi dikkate alinarak nitelikli isgiiciint gelistiren egitim ve teknoloji odakl
politikalar 6nceliklendirilmelidir.

Beyanlar

Katki Orani Beyani

Bu calismanin tim stireglerine yazar tek basina katkida bulunmustur.
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Cikar Catismasi Beyani

Bu calisma kapsaminda yazar herhangi bir kisi, kurum, kurulus veya finansal
kaynakla cikar iliskisine sahip degildir. Arastirmanin planlanmasi, yuritilmesi, veri
toplama siregleri, analizlerin gerceklestirilmesi ve sonuglarin  raporlanmast
asamalarinda c¢alismanin butinligint etkileyebilecek nitelikte herhangi bir ticari,
mali, kurumsal veya kisisel ¢ikar ¢atismast bulunmamaktadir. Yazar, arastirmanin
tim asamalarinda bilimsel etik ilkelere uygun sekilde hareket etmis olup ¢alismanin
ortaya koydugu bulgularin nesnel, bagimsiz ve seffaf bir sekilde degerlendirilmesini
saglayacak gerekli akademik sorumlulugu yerine getirmistir. Calismada kullanilan
veriler, yontemler ve sonuglar tizerinde disaridan herhangi bir baski, yonlendirme
veya ctkar temelli miidahale s6z konusu degildir. Ayrica, arastirmanin hazirlanmast
veya yayimlanma strecinde herhangi bir fon saglayict kurumdan maddi destek
alinmamustir. Calismanin sekillenmesine veya sonuglarin yorumlanmasina dogrudan
ya da dolayll katki sunarak cikar catismast olusturacak ugtnct taraf bir yapt
bulunmamaktadir. Yazar bu ¢alismanin tamamen akademik amagla tretildigini ve
sonugclarin yalnizca bilimsel ¢ercevede degerlendirilmesi gerektigini beyan eder.
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Appendices
Appendix A. Values Used in Normalization Calculations in MCDM Methods
co gdp [br life prod
Minimum 2.7594 5134.41 20211005 67.8348 20.8916
Maximum 5.5797 14932.88 35554975 77.7370 57.2195
Target 2.8139 20987.00 - - -

Source: Table by the author, Economic Development Foundation (2025) and Presidency
of Strategy and Budget Presidency of The Republic of Turkey (2025)

Appendix B. Procedure of the MEREC

No Notations Flowchart

(MINXy;

_k fj€EB Normalize the decision matrix
1 nt=1{ i

Y Xij ..
maxxy; SJ €C
k Calculate the overall performance of
the alternatives
2 S;=In|1+ iZ|ln(nx )|
' m& )
j
Calculate the performance of the
1 , alternatives by removing each
30osh=n(1+(= ) () criterion
-
k.kzj
- r_
4 E= Z ISU' Sil Compute the summation of absolute
i deviations

E

5w = : :
YiEx Determine the final weights of the

At the start of the method, the decision matrix is assumed to be ready. Denoted as n?,, B

represents benefit criteria and C represents cost criteria. The total absolute deviations are
calculated to represent the removal effect of criterion E;. w; denotes the weight of the jth criterion

and is calenlated.
Source: Keshavarz-Ghorabaee et al. (2021).
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Appendix C. Procedure of the ARIE

No Notations Flowchart
_ Xij
Tij = . -
X; Normalized the decision

1

2

3 Similarity to ideal and anti-

ideal

4

At the start of the method, the decision matrix is assumed to be ready. ARIE supports benefit cost and target-
based normalization. In the target approach, x}' denotes the reference value set for each criterion based on expert
Judgment, averages or policy targets. The values of x}' are derived from official policy targets and included directly
in the normalization process. wy denotes the weight of criterion . The weighted normalized value vi;is obtained
by mnltiplying the normalized value v; by its corresponding weight, where the weights sum to one. a balance
parameter x € [0,1] 45 introduced to control the trade-off between closeness to the ideal and distance from it.
Source: Fauzi et al. (2025).
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Appendix D. Application of MEREC and ARIE with the Inclusion of the
Unemployment Criterion and Visual Comparison of Model Results

A RC A RC A RC A RC
1990 0.4989 1999 0.5106 2008 0.5460 2017 0.6081
1991 0.4387 2000 0.5161 2009 0.5435 2018 0.6151
1992 0.4977 2001 0.5172 2010 0.5588 2019 0.6215
1993 0.5052 2022 0.5168 2011 0.5701 2020 0.6257
1994 0.5007 2003 0.5113 2012 0.5750 2021 0.6219
1995 0.5087 2004 0.5216 2013 0.5899 2022 0.6384
1996 0.5136 2005 0.5284 2014 0.5946 2023 0.5649
1997 0.5165 2006 0.5357 2015 0.6007
1998 0.5175 2007 0.5373 2016 0.6024
96601990 169
202 otk i9912993
0,6000
2020 7 A% 40 1994
2019 /7 \ 1995
2018 // 1996
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2016 1998 e [ncluding vemp
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2014 2000
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2012 2002
2011 ' 2003
2010 2004
2009008 2006205
2007

x=round(x,4). A denotes the alternatives and RC refers to compute relative closeness and ranking. When
unemployment is included as a criterion, the weights are as follows: weo (0.2318), wgdp (0.2790), wlabor
(0.1476), wiife (0.0478) and wuemp (0.0262).

Source: Obtained as an output from the INNOVRANK and Microsoft Excel
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