
Academic Editor: Thanasis Stengos

Received: 19 May 2026

Revised: 26 June 2026

Accepted: 27 June 2026

Published: 30 June 2026

Copyright: © 2026 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Do Monetary and Fiscal Policies Affect Territorial and
Consumption-Based CO2 Emissions? Evidence from
E-7 Countries
Meryem Filiz Baştürk
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meryemfiliz@uludag.edu.tr

Abstract

Climate change and the problems it causes have led to global action (the UN Sustainable
Development Goals and the Paris Climate Change Agreement), and specific targets have
been set to reduce global temperatures. Meeting the determined targets has become crucial.
Therefore, evaluating the effectiveness of macroeconomic policies (monetary and fiscal) on
carbon emissions becomes inevitable. This study examines the effects of monetary and fiscal
policies on territorial and consumption-based CO2 emissions in E-7 countries from 1996 to
2021. The Augmented Mean Group (AMG) estimator, which accounts for cross-sectional
dependency and heterogeneity, was employed. The study concludes that monetary policy
exerts a statistically significant negative impact on territorial and consumption-based CO2

emissions, whereas fiscal policy has a statistically insignificant negative impact on them. A
1% increase in broad money, as an indicator of monetary policy, decreased territorial-based
CO2 emissions by 0.14 and consumption-based CO2 emissions by 0.28. The results of the
Dumitrescu and Hurlin causality analysis reveal a bidirectional causal relationship between
monetary policy and territorial- and consumption-based CO2 emissions.

Keywords: fiscal policy; monetary policy; territorial-based CO2; consumption-based CO2

1. Introduction
Climate change and the problems it causes have prompted global-scale efforts to

address the issue. International agreements (UN Sustainable Development Goals and
Paris Climate Change Agreement) have played a critical role and brought environmental
targets to the agenda of policymakers (Dikau & Volz, 2021). Achieving the determined
targets has become essential for all economies, because the destructive dimension caused
by the “brown economy” concerns all economies (Huy & Dinh, 2025; Van et al., 2025;
Dinh, 2025). However, the situation is more serious when viewed from the perspective of
E-7 economies, which have high growth rates and must maintain them. These economies
face the dual challenge of sustaining rapid growth while meeting their commitments to
significant carbon emission reductions. China’s commitment includes a dual carbon target.
In this context, it has committed to reaching a carbon peak by 2030 and achieving carbon
neutrality by 2060 (Zhan et al., 2024). India’s commitment to carbon neutrality is set for
2070 (Hossain et al., 2023). Türkiye has a net-zero emission target for 2053 (IDB, 2024).
Brazil has a net-zero target for 2050, and Indonesia for 2060 (den Elzen et al., 2025). There
is a trade-off: high growth versus low-carbon emission targets.
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Achieving low-carbon goals, promoting sustainable development, and driving ongo-
ing growth require an integrated strategy that considers social, economic, and environmen-
tal factors (Dinh et al., 2025; Van et al., 2025). There is no single policy option for economies
to achieve low-carbon reduction goals. A holistic approach encompassing a multitude
of policies is required (Mu et al., 2025; Khan et al., 2025; Zhan et al., 2024). Macroeco-
nomic policies (monetary and fiscal) have been actively employed in many developing
countries (e.g., increased investment in clean energy, promotion of environmentally sound
production and consumption) to attain the stated objectives. Fiscal policy is important
due to the high initial costs associated with investments in clean energy (Mazzucato, 2021).
Monetary policy makes central banks important in the transition to a low-carbon economy
through the financial system (Lupu et al., 2024). Central banks’ monetary policies are cru-
cial for transitioning to a low-carbon economy, particularly within developing economies
(Dikau & Ryan-Collins, 2017). Thus, evaluating the impact of both macroeconomic policies
is essential.

Previous studies in the literature have evaluated the effects of macroeconomic policies
(monetary and fiscal) on carbon emissions in emerging market economies, predominantly
for the BRICS economies. This research aims to address a gap in the existing literature
by focusing on E-7 countries, evaluating the impact of monetary and fiscal policy, and
considering both territorial-based and consumption-based CO2 emissions.

This research examines the effects of monetary and fiscal policies on territorial-based
and consumption-based CO2 emissions in E-7 countries from 1996 to 2021. Monetary policy
is represented using broad money. The rationale for employing broad money stems from
the unavailability of short-term interest rate data for some countries examined in this study.
In the research, six countries (Brazil, China, India, Indonesia, Mexico, and Türkiye) among
the E-7 countries were taken into consideration. Russia was omitted from the analysis
because of a lack of data for several key variables during the specified period. Given their
high carbon emissions, especially those of China and India, the E-7 nations were chosen as
the focus of this study.

In various studies, environmental degradation has been represented either by CO2

(Kahuthu, 2006; Zhang, 2011; Saboori & Sulaiman, 2013; Lin & Benjamin, 2017; Omri &
Saadaoui, 2023; Baştürk, 2024; Yuan et al., 2025) or by ecological footprint (Kiani et al.,
2023; Ma et al., 2023; Tsompo et al., 2025). In this aspect, the present research distinguishes
itself from prior studies. This research employed a method consistent with Halkos and
Paizanos (2016), categorizing carbon emissions as territorial-based and consumption-based.
This distinction becomes more important when examining the E-7 economies. In order to
reduce costs and sidestep stringent environmental regulations at home, many companies
in developed countries have transferred their manufacturing processes to developing
economies (Udeagha & Muchapondwa, 2023). Considering carbon emissions as territorial-
based and consumption-based allows for a more comprehensive analysis. Territorial-based
CO2 emissions cover emissions from fossil fuels produced within a country’s borders. This
approach, however, suffers from several drawbacks. Emissions from international shipping
and air travel are excluded, and the export of energy-intensive goods leads to carbon
leakage, as emissions from their production are assigned to the producing economies
(Franzen & Mader, 2018; Weimin & Chishti, 2021). In consumption-based CO2 emissions,
which is obtained by adding import emissions to the territorial-based CO2 and subtracting
export emissions, the “consumer assumes responsibility principle” applies (Fan et al.,
2016; Mahmood et al., 2022). Differentiating between territorial and consumption-based
CO2 emissions is crucial for effective policy development and implementation (Halkos &
Paizanos, 2013).

https://doi.org/10.3390/jrfm19070483

https://doi.org/10.3390/jrfm19070483


J. Risk Financial Manag. 2026, 19, 483 3 of 21

This research seeks to expand current knowledge in three areas by examining
E-7 economies that pursue both high growth and low-carbon reduction goals. First, it
attempts to show the impact of monetary policy on territorial- and consumption-based CO2

emissions. Second, it investigates whether fiscal policy affects territorial and consumption-
based CO2 emissions. Understanding the effects of macroeconomic policies on territorial-
and consumption-based CO2 emissions is crucial for policymakers to develop sound
policy strategies. Third, it aims to enrich the limited literature, which currently lacks
precise results.

The rest of the research is organized as follows. Part two presents the theoretical basis.
A literature review constitutes the third part. In the fourth part, the method and model are
described. Empirical results are shown in the fifth part. The conclusion is in the sixth part.
This study aims to investigate the impact of monetary and fiscal policies on territorial and
consumption-based CO2 emissions across the E-7 countries.

2. Theoretical Background
Monetary and fiscal policies are the two primary tools policymakers use to curb the

environmental impact of carbon emissions. These two policy tools work through differ-
ent channels to affect carbon emissions. Monetary policy influences carbon emissions
(territorial-based and consumption-based) via two channels. First, it affects producers
through their investment decisions. When the central bank lowers interest rates or in-
creases the money supply, producers’ demand for loanable funds to make new investments
increases. If this investment increase is channeled into clean technology and green energy
projects, a low-carbon economy and reduced carbon emissions are possible. Second, it
affects consumers through their consumption decisions. Central bank actions, such as
lowering interest rates or expanding the money supply, lead to increased consumer borrow-
ing. This results in increased consumer purchasing power and consumption. If consumer
demand shifts towards green products, it helps lower carbon emissions (Jiang et al., 2020;
Sharma et al., 2023; Zia et al., 2025; Mahmood et al., 2022).

Hypothesis 1: Monetary policy has a negative impact on territorial-based CO2 emissions.

Hypothesis 2: Monetary policy has a negative impact on consumption-based CO2 emissions.

Government expenditures, a fiscal policy tool, impacts territorial-based and consumption-
based CO2 emissions via varied pathways. Government expenditures affect territorial-based
CO2 emissions through fourth channels. The first of these channels is the income effect.
According to this channel, increased government expenditures lead to higher income levels.
Higher incomes drive demand for improved environmental quality. The second channel
is the composition effect. According to this channel, increasing government expenditures
encourages human capital-intensive activities. Thus, activities less damaging to the envi-
ronment are supported over capital-intensive activities more damaging to the environment.
The third channel is the technique effect. In this channel, government expenditures reduce
environmental pollution by increasing labor efficiency in the education and health sectors.
The fourth channel is the scale effect. According to this channel, government expenditures can
increase economic growth, which in turn leads to increased territorial-based CO2 emissions.
While the income effect, composition effect, and technique effect lead to decreasing effects
on territorial-based CO2 emissions, the scale effect creates an increasing impact. Govern-
ment expenditures affect consumption-based CO2 emissions through the income channel,
the environmental regulation channel, and the composition of consumer goods. The first
channel suggests rising government expenditures boosts current and future consumer income,
harming the environment. The second viewpoint proposes that government expenditures
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support institutions that lessen pollution with enhanced environmental controls. These two
channels have opposite effects. Consumer preference shifts towards electric vehicles, driven by
a public service announcement on channel three, have led to a reduction in fossil fuel use and
mitigated the effects of carbon emissions on the environment (Halkos & Paizanos, 2016). Fiscal
policy has both mitigating and increasing effects on territorial-based and consumption-based
CO2 through different channels. However, the net effect of fiscal policy on both is expected to
be negative.

Hypothesis 3: Fiscal policy has a negative impact on territorial-based CO2 emissions.

Hypothesis 4: Fiscal policy has a negative impact on consumption-based CO2 emissions.

The effects of the monetary and fiscal policies described above on territorial-based
and consumption-based CO2 emissions are shown in the Table 1 below.

Table 1. The effects of the monetary and fiscal policies on CO2 emissions.

Territorial-Based CO2 Consumption-Based CO2

Monetary Policy Producers’ investment decisions Consumers’ consumption decisions

Fiscal Policy

Income effect
Composition effect
Technique effect
Scale effect

Income channel
Environmental regulation channel
Composition of consumer goods

3. Literature Review
The literature has examined how monetary and fiscal policy affect environmental

degradation, both jointly and separately. In these studies, environmental degradation
is mostly represented either by carbon emissions or ecological footprint. A few studies,
such as those by Halkos and Paizanos (2016) and Mahmood et al. (2022), categorize
carbon emissions as both territorial- and consumption-based. Halkos and Paizanos (2016)
differentiated this in their work as production- and consumption-generated CO2 emissions.
However, production-generated and territorial-based, as well as consumption-generated
and consumption-based, refer to the same concept. Though there has been much research
on emerging markets, no studies on the E-7 countries were found. Studies have frequently
examined the BRICS (Chishti et al., 2021; Lau et al., 2024; Arjun & Mishra, 2025) or ASEAN
(Mughal et al., 2021; Khan et al., 2025). It is difficult to assess if the studies conducted have
reached a clear conclusion. While some studies have concluded that these policies have
reduced carbon emissions, others have found that they have increased them. For example,
Chishti et al. (2021) investigated the effects of monetary and fiscal policies on environmental
pollution in BRICS economies. According to the study, contractionary monetary and fiscal
policies improved environmental quality. The BRICS economies were also studied by
Lau et al. (2024). In this study, monetary and fiscal policies were found to reduce carbon
emissions and improve environmental quality. The research by Arjun and Mishra (2025)
explored the relationship between fiscal and monetary policy and environmental quality in
BRICS-T countries. Research shows that monetary policy has been effective in reducing
pollution levels. However, fiscal policy did not produce the same outcome. Apart from
BRICS economies, there are also studies evaluating ASEAN economies. Mughal et al. (2021)
examined the effects of monetary and fiscal policy on environmental quality across five
ASEAN countries. It was stated that contractionary monetary and expansionary fiscal
policies reduce carbon emissions in the long run. Khan et al. (2025) studied the effects of
monetary and fiscal policies on carbon emissions within ten ASEAN countries. It was found
that both policies reduced carbon emissions. Besides BRICS and ASEAN, GCC countries
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were also analyzed. Mahmood et al. (2022) examined the relationship between monetary
and fiscal policies and CO2 emissions (territorial-based and consumption-based) in GCC
economies. It was stated that the money supply has a negative impact on territorial and
consumption-based CO2 emissions in the long run. However, government expenditures
were shown to have a positive long-run impact on CO2 emissions, both territorial- and
consumption-based.

A country-specific analysis frequently focused on China. Yousaf et al. (2022) found
that increased discount rates (monetary policy) and government expenditures (fiscal policy)
in China lessened the ecological footprint. China was also examined by Zeraibi et al. (2022).
They found that expansionary fiscal policy raised carbon emissions, while expansionary
monetary policy lowered them, in both the short and long term. Sharma et al. (2023)
investigated the effectiveness of monetary and fiscal policies in India. The study concluded
that fiscal policy has a more significant effect on carbon emissions than monetary policy.

Notably, there are few studies on the relationship between monetary policy and carbon
emissions. The relatively new focus on how monetary policy affects carbon emissions likely
explains this (Anastasiou et al., 2024; Bletsas et al., 2022). The study conducted by Isiksal
et al. (2019) for Türkiye analyzed the effect of monetary policy on carbon emissions.
The study concluded that increasing the real interest rate reduces carbon emissions. A
US-focused study by Mu et al. (2025) investigated how monetary policy affects carbon
emissions alongside trade and energy variables. It was concluded that monetary policy
positively correlated with carbon emissions in the short term and negatively in the long
term. Some studies also analyze this relationship by focusing on particular country groups.
Jiang et al. (2020) examined how monetary policy affected carbon emissions across 14 Asian
economies. The study revealed that tighter monetary policy led to lower carbon emissions.
Zia et al. (2025) assessed the effect of green monetary policy on carbon emissions across
specific G-20 nations. A significant reduction in carbon emissions resulted from the green
monetary policy. Most research in the literature indicates that monetary policy cuts carbon
emissions. However, territorial- and consumption-based CO2 emissions were not separated
in these studies.

Based on research solely assessing the impact of fiscal policy, Halkos and Paizanos
(2016) for the US showed that government expenditures significantly and negatively im-
pacted both production- and consumption-generated CO2 emissions. Ma et al. (2023)
research evaluated the effect of fiscal policy instruments—government expenditures and
tax revenue—on the ecological footprint across BRICS economies. Tax revenue, renewable
energy, green innovation, and energy transition were all associated with less environ-
mental damage, whereas government expenditures and non-renewable energy sources
worsened it. Mar’I et al. (2023) examined the relationship between fiscal policy and CO2

emissions in G-20 countries. Fiscal policy’s positive impact on CO2 was determined. A
global study by Oluklulu and Kasal (2025) examined how fiscal policy affected CO2 levels
in 150 countries between 2000 and 2020. The countries considered were divided into three
groups and analyzed as low- and lower middle-income, upper middle-income, and high-
income countries. It was stated that an increase in government revenue and expenditure
reduces CO2 emissions in high-income countries. Another worldwide study was conducted
by Baştürk (2025). The study, which surveyed 88 countries, concluded that fiscal policy
negatively influences carbon emissions.

Emerging markets receive the most attention in the literature. However, a firm con-
clusion remains unachieved. These economies’ need for high growth alongside their
low-carbon goals makes them interesting. More studies of these economies will lead to bet-
ter policy conclusions. Table 2 below summarizes studies assessing the effects of monetary
and fiscal policy on carbon emissions.
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Table 2. Literature review of monetary and fiscal policies on carbon emissions.

Author/Authors Country/Countries Period Methodology Results

Chishti et al. (2021) BRICS 1985–2014 OLS, DOLS,
FMOLS, PMG

Contractionary monetary and fiscal policies
reduce carbon emissions.

Lau et al. (2024) BRICS 1990–2018 PMG-ARDL,
FMOLS

Expansionary monetary and fiscal policies
improve environmental quality.

Arjun and Mishra
(2025) BRICS-T 1990–2022 FMOLS, DOLS,

FE_OLS, MMQR Monetary policy reduces pollution.

Mughal et al. (2021) 5 ASEAN
countries 1990–2019 NARDL

In the long run, contractionary monetary policy
and expansionary fiscal policy reduce
carbon emissions.

Khan et al. (2025) 10 ASEAN
countries 1980–2022 ARDL/PMG Monetary and fiscal policies reduce

carbon emissions.

Mahmood et al.
(2022) GCC 1990–2019 PMG, FMOLS,

DOLS

Monetary policy has a negative long-term impact
on both territorial and consumption-based
emissions. Fiscal policy has a positive long-term
impact on both territorial and
consumption-based emissions.

Zeraibi et al. (2022) China 1980–2018 ARDL
Expansionary monetary policy reduces carbon
emissions. Expansionary fiscal policy increases
carbon emissions.

Sharma et al. (2023) India 1971–2019 NARDL Fiscal policy has a more significant effect on
carbon emissions than monetary policy.

4. Methodology
The examination of E-7 economies over the period from 1996 to 2021 required acknowl-

edging their significant economic linkages and the apparent cross-sectional correlation
inherent in macroeconomic time series (Baltagi, 2013; Westerlund & Edgerton, 2008). There-
fore, cross-sectional dependency was first examined. For this purpose, Pesaran (2004)
cross-sectional dependency test was used. Following this, a homogeneity test by Pesaran
and Yamagata (2008) checked for homogeneity in the slope parameters. In the next step, the
integration degree of the variables was determined by the Pesaran (2007) second-generation
unit root test. The Pesaran (2007) unit root test was preferred because it considers the cross-
sectional dependency. After this step, a long-run relationship between the variables is
analyzed with the Westerlund (2007) cointegration test. Then, the AMG estimator de-
veloped by Eberhardt and Bond (2009) and Eberhardt and Teal (2010), which considers
cross-sectional dependency and heterogeneity, was employed. For a robustness check, the
CCEMG estimator developed by Pesaran (2006) was used. Finally, to determine whether a
causal relationship exists between the variables, the Dumitrescu and Hurlin (2012) causality
test was performed in the study.

4.1. Cross-Section Dependence and Slope Homogeneity Test

Cross-sectional dependence was investigated using the CD test developed by Pesaran
(2004). The CD test statistic is given below.

CD =

√
2T

N(N − 1)

(
∑N−1

i=1 ∑N
j=i+1 ρ̂ij

)
(1)
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Homogeneity of the slope parameters was tested using the delta ∆̃ test of Pesaran and
Yamagata (2008). This test offers two test statistics (Pesaran & Yamagata, 2008).

∆̃ =
√

N(
N−1S̃ − k√

2k
) (2)

∆̃adj =
√

N(
N−1Ŝ − E(z̃iT)√

Var(z̃iT)
) (3)

4.2. Panel Unit Root Test

The research employed Pesaran’s (2007) CADF test—a second-generation unit root
test that addresses cross-sectional dependence—to analyze the stationarity of variables and
their integration order. First-generation unit root tests like Maddala and Wu (1999), Levin
et al. (2002), Choi (2001), and Im et al. (2003) ignore cross-sectional dependence. CADF
regression can be shown as follows (Baltagi, 2013).

∆yit = αi + ρ∗i yi,t−1 + d0yt−1 + d1∆yt + εit (4)

yt is the average of all N observations at time t. When CADF regression applies to each
unit i in the panel, the CIPS statistic can be obtained as follows (Baltagi, 2013):

CIPS =
1
N ∑N

i=1 CADFi (5)

4.3. Panel Cointegration Test

This research did not employ Kao (1999) or Pedroni (1999, 2004) tests when examining
cointegration, as these tests ignore cross-sectional dependence. Considering cross-sectional
dependence, a Westerlund (2007) cointegration test was used to examine a co-integrating
relationship. Westerlund (2007) cointegration test includes four test statistics: Gt, Ga, Pt

and Pa. Choi (2015) stated that Gt outperforms others regarding finite sample size. Gt and
Ga represent the group mean test statistics. Pt and Pa represent panel test statistics.

Gt =
1
N ∑N

i=1
âi

SE(âi)
(6)

Ga =
1
N ∑N

i=1
Tâi
âi(1)

(7)

Pt =
â

SE(â)
(8)

Pa = Tâ (9)

4.4. The Augmented Mean Group (AMG)

This research employed the Augmented Mean Group (AMG) estimator developed
by Eberhardt and Bond (2009) and Eberhardt and Teal (2010). The estimator’s preference
stemmed from its consideration of cross-sectional dependence and heterogeneity. The
AMG estimator has two stages. The first stage represents the standard FD-OLS regression.
The second stage involves including µ̂•

t in each N country regressions. The first and second
stages are presented below (Eberhardt & Bond, 2009; Eberhardt & Teal, 2010).

∆yit = b′∆xit + ∑T
t=2 ct∆Dt + eit => ĉt ≡ µ̂•

t (10)

yit = αi + b′i xit + cit + diµ̂
•
t + eit (11)

https://doi.org/10.3390/jrfm19070483

https://doi.org/10.3390/jrfm19070483


J. Risk Financial Manag. 2026, 19, 483 8 of 21

b̂AMG = N−1∑i b̂i (12)

4.5. Model Specification

The log-linear models estimated in the study are shown below.

Model-1 : lnT-CO2it = α0+α1lnFPit + a2lnMPit + α3lnGDPit + α4lnRENit + εit (13)

Model-2 : lnC-CO2it = β0 + β1lnFPit + β2lnMPit + β3lnGDPit + β4lnRENit + εit (14)

Here, i denotes countries and t denotes the period. The dependent variables lnT-CO2it

and lnC-CO2it represent territorial-based CO2it emissions per capita and consumption-
based CO2it emissions per capita. The independent variables lnFPit and lnMPit represent
government expenditures and broad money, respectively. The control variables are lnGDPit

and lnRENit, which represent real GDP per capita and renewable energy consumption
per capita.

4.6. Variable Selection

This research examines the effects of monetary and fiscal policies on carbon emissions
(territorial-based and consumption-based) in E-7 countries between 1996 and 2021. Fiscal
policy is represented by government expenditures. According to the IMF’s (2014) GFS
method, the variable includes goods and services, employee compensation, subsidies,
consumption of fixed capital, interest, grants, social benefits, and other expenses. Monetary
policy is represented using broad money. The reason for using broad money is that
short-term interest rate data, which is frequently used as a monetary policy variable for
some countries examined in this study, was unavailable. These variables (government
expenditures for fiscal policy, and broad money for monetary policy) were selected as
they are commonly used in the literature (Khan et al., 2025; Mahmood et al., 2022; Arjun
& Mishra, 2025; Zeraibi et al., 2022), and data are available for the studied countries and
time period.

Real GDP and renewable energy consumption were included in the analysis as control
variables. As a control variable, real GDP affects carbon emissions from territorial-based
and consumption-based in both ways. Higher real GDP reduces territorial-based and
consumption-based CO2 by contributing to increased green investments and demand for
green goods. However, a rise in real GDP also leads to higher carbon emissions from
territorial-based and consumption-based via the need for fossil fuels because of excessive
energy consumption (Marques et al., 2011). Regarding renewable energy consumption,
another control variable, the increase in renewable energy consumption is expected to
reduce territorial-based and consumption-based CO2. Table 3 lists the variables, their units,
and their sources. The logarithms of all variables were used. Grafical depictions of the
variables are provided in the Appendix A.

Table 3. Definitions of the variables.

Variables Symbol Unit Source

Territorial-based CO2 lnT-CO2 Per capita tons per person Our World in Data
Consumption-based CO2 lnC-CO2 Per capita tons per person Our World in Data
Government expenditure lnFP (% of GDP) IMF
Broad money lnMP (% of GDP) WDI (World Bank)
Real GDP lnGDP Per capita (constant 2015 US$) WDI (World Bank)
Renewable energy consumption lnREN Per capita (kilowatt-hours of primary energy per person) Our World in Data
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5. Empirical Results and Discussion
5.1. Descriptive Statistics

The descriptive statistics for the variables are shown in Table 4. The data reveals that
government expenditures have the lowest, and renewable energy consumption has the
highest standard deviation.

Table 4. Descriptive statistics.

Variables Mean Std. Dev. Min Max Observations Groups Time

lnT-CO2 0.992 0.563 −0.173 2.082 156 6 26
lnC-CO2 0.976 0.591 −0.310 1.986 156 6 26

lnFP 3.273 0.332 2.406 3.832 156 6 26
lnMP 4.081 0.581 3.061 5.356 156 6 26

lnGDP 8.417 0.835 6.483 9.506 156 6 26
lnREN 7.008 1.154 4.808 8.962 156 6 26

5.2. Cross-Sectional Dependence and Slope Homogeneity Test Results

Pesaran (2004) CD test results are presented in Table 5. It is observed that the hy-
pothesis, Ho: There is no cross-sectional dependence, is rejected and all variables have
cross-sectional dependence.

Table 5. Cross-sectional dependency results.

Variable CD Test p-Value

lnT-CO2 10.29 *** 0.000
lnC-CO2 11.43 *** 0.000

lnFP 8.07 *** 0.000
lnMP 6.77 *** 0.000

lnGDP 17.03 *** 0.000
lnREN 15.09 *** 0.000

Note: *** shows significance at the %1 level.

Table 6 shows the Pesaran and Yamagata (2008) homogeneity test results. The hypoth-
esis of homogeneous slope coefficients (Ho) is rejected. The model displays heterogeneous
slope parameters.

Table 6. Homogeneity test results.

Model 1 Model 2

Test Test Statistics Test Statistics

∆̃ 8.276 *** 6.551 ***
∆̃adj 9.437 *** 7.469 ***

Note: *** shows significance at the %1 level.

5.3. Panel Unit Root Test Results

Since the variables include cross-sectional dependence, the CADF unit root test de-
veloped by Pesaran (2007), one of the second-generation unit root tests, was preferred.
Table 7 indicates that the null hypothesis of a unit root (Ho) cannot be rejected, implying all
variables are I(1). When the first differences of the variables are taken, it is observed that
they become stationary.
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Table 7. Panel unit root test results.

Series Level First Difference Integration Order

lnT-CO2 −2.235 −4.450 *** I(1)
lnC-CO2 −2.768 −4.745 *** I(1)

lnFP −2.121 −4.144 *** I(1)
lnMP −2.612 −4.592 *** I(1)

lnGDP −2.602 −3.652 *** I(1)
lnREN −2.595 −5.612 *** I(1)

Note: ***, **, * indicate 1%, 5%, 10% significance levels, respectively.

5.4. Panel Cointegration Test Results

All variables in the analysis are stationary in their first differences. There may be a
long-run relationship between them. The existence of a long-term relationship was checked
by the Westerlund (2007) cointegration test. The analysis of Model 1 and Model 2 test results
focused on robust p-values obtained via bootstrapping, which accounts for cross-sectional
dependency. When the test results are examined in Table 8, the Gt test statistic, which
was stated by Choi (2015) to have better performance than the other test statistics in both
models (Model 1 and Model 2), shows the existence of cointegration. Model 2 also exhibits
cointegration at the 10% significance level, according to the Pt test statistic.

Table 8. Cointegration test results.

Model 1 Model 2

Statistics Values Robust p-Values Values Robust p-Values

Gt −3.288 0.000 −3.036 0.000
Ga −1.767 0.650 −1.744 0.670
Pt −2.868 0.460 −4.435 0.070
Pa −1.116 0.710 −1.609 0.440

Note: ***, **, * indicate 1%, 5%, 10% significance levels, respectively.

5.5. The AMG Model Results

The research employed the AMG estimator, which accounts for cross-sectional depen-
dency and heterogeneity. Table 9 shows the AMG estimation results.

Table 9. AMG estimation results.

Model 1 Model 2

Coeff p-Value Coeff p-Value

lnFP −0.061 0.262 −0.022 0.748
lnMP −0.140 ** 0.034 −0.280 *** 0.000

lnGDP 0.792 *** 0.000 1.190 *** 0.000
lnREN −0.140 * 0.058 −0.071 0.199

constant −3.842 *** 0.002 −7.374 *** 0.000
Note: ***, **, * indicate 1%, 5%, 10% significance levels, respectively.

Model 1, using territorial-based CO2 emissions as the dependent variable, shows that
government expenditures negatively impacts emissions, although this effect is statistically
insignificant. A negative and statistically significant relationship exists between broad
money and territorial-based CO2 emissions. This findings support hypothesis H1. The con-
trol variable, real GDP, has a positive and statistically significant effect on territorial-based
CO2 emissions. Higher real GDP caused an increase in territorial-based CO2 emissions.
Renewable energy consumption, another control variable included in the analysis to show
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the effect of renewable energy sources, known for their environmental friendliness, on
carbon emissions, has a negative and statistically significant effect on territorial-based
CO2 emissions. As expected, the increase in renewable energy consumption decreased
territorial-based CO2 emissions.

Model 2, using consumption-based CO2 emissions as the dependent variable, shows
that government expenditures negatively impacts these emissions, although not signifi-
cantly. Broad money shows a statistically significant, negative effect on consumption-based
CO2 emissions. Hypothesis H2 is also confirmed in the study. Real GDP significantly and
positively impacts consumption-based CO2 emissions. Consumption-based CO2 emissions
are negatively impacted by renewable energy consumption; however, this impact is not
statistically significant.

Models 1 and 2 show that monetary policy decreases territorial-based CO2 emissions
and consumption-based CO2 emissions. This result is unsurprising given the active role
that developing countries’ central banks play in low-carbon transition (Dikau & Ryan-
Collins, 2017). This situation is inevitable, especially for the E-7 countries. The E-7 countries
of China and Brazil are especially rich in resources. However, the exploitation of these
resources by developed economies has led to environmental damage. Due to carbon
emissions resulting from environmental damage, central banks in China, Brazil, and other
E-7 countries face greater challenges compared to those in developed countries (Barmes &
Livingstone, 2021). These economies are more vulnerable to the effects of climate change,
global warming, and extreme weather (Dikau & Ryan-Collins, 2017). This prompts central
banks to take a more active role in the shift to a low-carbon economy. For example, in China,
the largest E-7 economy, the People’s Bank of China (PBoC), due to its unique position in
the Chinese economy, follows a policy defined as “window guidance”. This application
helps the PBoC align loan sectors with its strategic plan, which is reviewed monthly in
meetings with commercial banks. Here, directing the loans to the low-carbon sector is a
priority (Campiglio, 2016). The People’s Bank of China (PBoC) has also implemented a
carbon emission reduction facility to achieve its carbon neutrality target. The goal of this
policy tool is to lower carbon emissions, foster clean energy, advance carbon reduction
technologies, and safeguard the environment. These practices also function as a clear
policy signal for low-carbon targets (People’s Bank of China, 2021). In India, loans to the
renewable energy sector are included in the Reserve Bank of India (RBI)’s Priority Sector
Lending Program. In 2008, the Banco Central do Brasil (BCB) introduced regulations to
protect the environment by reducing loans to companies operating in the Amazon region
(Dikau & Ryan-Collins, 2017).

Both models (Model 1 and Model 2) indicate that fiscal policy has a negative but not
statistically significant effect on territorial-based CO2 emissions and consumption-based
CO2 emissions. This situation is considered for E-7 economies, as these economies are
emerging market economies and should maintain high growth rates. Fossil energy is crucial
for their growth. However, each of these economies also has goals for reducing carbon
emissions. It is difficult for governments to achieve these two conflicting objectives. Govern-
ments’ expenditures on fossil fuels for economic growth causes scale effects. Governments
can also meet low-carbon targets by boosting demand for a better environment through
spending (income effect), cutting pollution by increasing labor efficiency in education and
health (technique effect), and promoting a shift to clean energy (composition effect). The
statistical insignificance of the effect may be caused by the conflicting impacts of scale and
the other effects (income, technique, and composition) on territorial-based CO2 emissions.
The statistically insignificant effect of government expenditures on consumption-based
CO2 emissions may stem from the income and environmental regulation channels balanc-
ing each other out. Even though this research found a statistically insignificant impact of
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fiscal policy on CO2 emissions from territorial-based and consumption-based, it should
support monetary policy, considering the high initial costs of green investments such as
renewable energy.

Real GDP, which is included as a control variable in both models, increases territorial-
based and consumption-based CO2 emissions. Real GDP growth leads to more energy-
intensive goods being demanded by producers and consumers, which then increases carbon
emissions. Territorial-based CO2 emissions were reduced by renewable energy consump-
tion, as expected. Renewable energy consumption negatively affected consumption-based
CO2 emissions, but it was statistically insignificant. This can be explained because changes
in consumption patterns take time to be seen.

These research results align with those of similar studies in the literature. According to
Zeraibi et al. (2022), monetary policy in China decreased CO2 levels. Mahmood et al. (2022)
study showed that monetary policy negatively impacts both territorial-based and
consumption-based CO2 emissions. The study by Arjun and Mishra (2025) shows mon-
etary policy as a tool for reducing environmental pollution. The US-specific study by
Mu et al. (2025) found that monetary policy reduces carbon emissions in the long run.

5.6. Robustness Check

To verify the reliability of Models 1 and 2, which employed the AMG estimator, a
robustness check was conducted. For this purpose, the CCEMG estimator developed
by Pesaran (2006) was used. CCEMG’s estimation results for Model 1 and Model 2 are
presented in Table 10 below.

Table 10. CCEMG test results.

Model 1 Model 2

Coeff p-Value Coeff p-Value

lnFP −0.153 * 0.093 −0.053 0.341
lnMP −0.199 0.114 −0.360 ** 0.029

lnGDP 0.774 *** 0.002 1.153 *** 0.000
lnREN −0.128 0.391 −0.037 0.753

constant 2.000 0.585 0.100 0.978
Note: ***, **, * indicate 1%, 5%, 10% significance levels, respectively.

When the CCEMG results for Model 1 are examined, they differ slightly from the AMG
results, which serve as the base model. Territorial-based CO2 emissions in CCEMG were
negatively affected by fiscal policy at the 10% significance level. The impact of monetary
policy on territorial-based CO2 emissions was also negative, but not statistically significant.
The real GDP, used as a control variable, positively and significantly impacted territorial-
based CO2 emissions. Renewable energy consumption, another control variable, had a
negative and statistically insignificant effect on territorial-based CO2 emissions.

Analysis of Model 2’s CCEMG results indicates a resemblance to those of the AMG
base model. Fiscal policy’s impact on consumption-based CO2 emissions is negative but not
statistically significant. Monetary policy, however, has a negative and statistically significant
effect on consumption-based CO2 emissions. The control variable, real GDP, has a positive
and statistically significant effect on consumption-based CO2 emissions. Renewable energy
consumption has a negative impact on consumption-based CO2 emissions, though it is not
statistically significant.

5.7. Dumitrescu and Hurlin Panel Causality Test Results

The AMG and CCEMG estimators predict the long-term relationship. However, they
do not provide any clues about the causal relationship between the variables. Therefore,
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to determine whether the causal relationship between the variables supports the obtained
results, the Dumitrescu and Hurlin (2012) causality test was performed in the study. The
test results for both Model 1 and Model 2 are shown in Tables 11 and 12 below.

Table 11. Dumitrescu and Hurlin panel causality test results for Model 1.

Null Hypothesis W-Stat Zbar Tilde p-Value Conclusion

InFP → InT-CO2 1.619 0.756 0.449 no causality
InT-CO2 → InFP 1.798 1.017 0.308
InMP → InT-CO2 4.269 *** 4.620 0.000 ↔
InT-CO2 → InMP 3.553 *** 3.577 0.000

InGDP → InT-CO2 4.590 *** 5.087 0.000 ↔
InT-CO2 → InGDP 3.493 *** 3.489 0.000
InREN → InT-CO2 1.823 1.055 0.291
InT-CO2→ InREN 3.637 *** 3.699 0.000 →

Note: ***, **, * indicate 1%, 5%, 10% significance levels, respectively. ↔ represents two-way causality association,
→ one-way causality association.

Table 12. Dumitrescu and Hurlin panel causality test results for Model 2.

Null Hypothesis W-Stat Zbar Tilde p-Value Conclusion

InFP → InC-CO2 1.204 0.151 0.879 no causality
InC-CO2 → InFP 1.478 0.552 0.580
InMP → InC-CO2 3.271 *** 3.164 0.001 ↔
InC-CO2 → InMP 2.950 *** 2.697 0.007

InGDP → InC-CO2 4.605 *** 5.109 0.000 ↔
InC-CO2 → InGDP 2.505 ** 2.049 0.040
InREN → InC-CO2 1.998 1.310 0.190
InC-CO2 → InREN 2.409 * 1.908 0.056 →

Note: ***, **, * indicate 1%, 5%, 10% significance levels, respectively. ↔ represents two-way causality association,
→ one-way causality association.

For Model 1, examining the results of the Dumitrescu and Hurlin (2012) causality test
reveals a bidirectional causal relationship between monetary policy- and territorial-based
CO2 emissions. No causal relationship was found between fiscal policy and territorial-based
CO2 emissions. While there is a bidirectional causality between the control variable, real
GDP, and territorial-based CO2 emissions, there is a unidirectional causality between the
other control variable, renewable energy consumption, and territorial-based CO2 emissions.
The direction of causality is from territorial-based CO2 emissions to renewable energy
consumption. The causal interactions of the dependent, explanatory, and control variables
confirm the AMG estimation outcomes.

Regarding Model 2, the results of the Dumitrescu and Hurlin (2012) causality test
indicate a bidirectional relationship between monetary policy and consumption-based
CO2 emissions. There is no causal relationship between fiscal policy and consumption-
based CO2 emissions. The relationship between real GDP and consumption-based CO2

is bidirectional, whereas that between renewable energy consumption and consumption-
based CO2 is unidirectional. AMG’s predictions are supported by the causal connections
found in Model 2.

6. Conclusions
Global climate change poses a core challenge to economies today. This issue has

prompted a global effort to find solutions. Many economies support the UN’s Sustainable
Development Goals and the Paris Agreement on climate change. Achieving the set targets
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is a crucial duty of policymakers. Two primary tools (monetary policy and fiscal policy) are
available to policymakers for their objectives.

This research evaluates the impact of monetary and fiscal policy on territorial-based
and consumption-based CO2 emissions in E-7 countries for the period 1996–2021. Research
focuses on the E-7 because of their leading role in the world economy. Rapid growth
characterizes these economies, and this expansion must continue. These economies need
to achieve international climate targets (Paris Agreement) and their own national climate
goals (including China’s aim for carbon neutrality by 2060 (Zhan et al., 2024). India has
a carbon neutrality commitment for 2070 (Hossain et al., 2023). Türkiye has a net-zero
emission target for 2053 (IDB, 2024). Brazil has a net-zero target for 2050, and Indonesia
for 2060 (den Elzen et al., 2025). This situation creates a trade-off. Because of this trade-off,
selecting the optimal policy mix is crucial for policymakers. Therefore, evaluating the
effectiveness of macroeconomic policies on carbon emissions becomes inevitable.

The research began by examining cross-sectional dependency. Following this, a
homogeneity test was performed. Since it was determined that the variables contained
cross-sectional dependence, the CADF test, developed by Pesaran (2007) as one of the
second-generation unit root tests, was performed. Given that all variables in the analysis
exhibited unit roots, a Westerlund (2007) cointegration test was applied to examine a long-
run relationship. After all these analyses were performed, the AMG estimator developed by
Eberhardt and Bond (2009) and Eberhardt and Teal (2010), which considers cross-sectional
dependency and heterogeneity, was used. Territorial-based and consumption-based CO2

emissions are analyzed separately in this research. In both models, monetary policy is found
to have a negative and statistically significant effect on both territorial- and consumption-
based CO2 emissions. The research control variable, real GDP, positively and significantly
impacts territorial and consumption-based CO2 emissions. Territorial-based CO2 emissions
are negatively and significantly influenced by renewable energy consumption, another
control variable. Despite a negative effect on consumption-based CO2 emissions from
renewable energy consumption, this impact is statistically insignificant. Here, it is seen
that investments in renewable energy sources reduce carbon emissions via territorial-based
CO2 emissions. The CCEMG estimator, developed by Pesaran (2006), was also used for
robustness check. Finally, Dumitrescu and Hurlin (2012) causality test was performed.
AMG and CCEMG estimators predict the long-term relationship. However, they do not
provide any clues about the causal relationship between the variables. Model 1 and Model
2’s causality results confirmed AMG’s findings. The findings from Model 1 suggest a
bidirectional relationship between monetary policy and territorial-based CO2 emissions,
while no causal link was observed between fiscal policy and territorial-based CO2 emissions.
Model 2 identified a bidirectional causal link between monetary policy and consumption-
based CO2 emissions, but no causal relationship was found between fiscal policy and
consumption-based CO2 emissions.

The research results also make it possible to draw some policy conclusions. First,
monetary policy could reduce carbon emissions (territorial-based and consumption based)
in the E-7 countries within the scope of the analysis. For policymakers in these economies,
using monetary policy effectively to transition to a low-carbon economy is a rational policy
option. Second, renewable energy consumption reduces territorial-based CO2 emissions,
clearly showing the role that investments in renewable energy sources play in achieving
the targets set in international agreements. Third, policymakers can use fiscal policy as a
supporting tool besides monetary policy to reduce carbon emissions. This research deter-
mined that the impact of fiscal policy on territorial and consumption-based CO2 emissions
was negative, though not statistically significant. However, given the limited financing
resources in E-7 economies and the high initial costs of green investments, fiscal policy
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emerges as a factor that should not be overlooked. Thus, coordinating macroeconomic
policies (monetary and fiscal) is crucial for policymakers in moving toward a low-carbon
economy. Using a single policy instrument to achieve all goals can be a challenge.

This research also has shortcomings. First, data from Russia (an E-7 country) was un-
available; it was omitted from the analysis. Second, fiscal policy and monetary policy were
represented by one variable. Due to the limited availability of fiscal and monetary policy
data, a single variable was used. Third, the analyses focus solely on E-7 countries. A com-
parison with developed countries in other studies will reveal more comprehensive results.
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