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Abstract
Climate change imposes an existential threat on the globe and has already had sizeable
economic costs to countries. Environmental aid flows aim to alleviate the rising con-
cerns of climate change in the developing world. Even though the existing literature
has examined the effectiveness of green aid flows for reducing carbon dioxide emis-
sions in the recipient countries, no existing study has examined the effectiveness of
different classifications of green aid. Examining the green aid flows to 97 developing
countries between 2002 and 2018, we find that all types of green aid significantly
reduce carbon dioxide emissions; however, the aid flows targeting the environmental
objectives are more effective in reducing carbon dioxide emissions compared to the
aid flows that do not target environmental objectives or are not screened. The findings
highlight that more aid should be screened and targeted for environmental objectives
to increase the effectiveness of green aid flows in developing countries.
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1 Introduction

Climate change imposes an existential threat on the globe and has already had sizeable
economic costs to countries (Dell et al. 2012; Dellink et al. 2019), has led to reduced
agricultural returns (see e.g., Lobell et al. 2011; Ray et al. 2015, 2019), increased forest
fires (Flannigan et al. 2000; Seidl et al. 2017;Michetti and Pinar 2019), impacted health
outcomes (Neira et al. 2014), among many others. Therefore, there has been increased
global action to mitigate the negative consequences of climate change. Even though
the 26th United Nations (UN) Climate Change Conference of the Parties (COP26),
held in Glasgow in 2021, addressed the issues of climate change and urged countries
to act to secure global net-zero emissions by 2050, the Global Energy Review report
of international energy agency (IEA) estimates that carbon dioxide (CO2) emissions
increased by almost 5% in 2021 (IEA 2021).

The impacts of climate change have been recently evaluated by theworking group of
the Intergovernmental Panel onClimateChange and this report argued that the negative
consequences of climate change have been disproportionately higher for developing
countries (IPCC2022). In otherwords, even though combat against climate change has
been a priority for developed and developing world, developing and least developed
countrieswere the ones thatwere hurt themost by climate change (see e.g., Collier et al.
2008; Tol 2018; Vinke et al. 2017). Therefore, there has been an increased emphasis
on climate change adaptation and mitigation policies for the developing world (see
e.g., Duguma et al. 2014; Huq et al. 2004; Mertz et al. 2009). One way of supporting
the developing world in climate change and adaptation is climate change finance. For
instance, Official development assistance (ODA) of the Organisation for Economic
Co-operation and Development (OECD) started allocating aid to developing countries
targeting the objectives of the Rio Conventions, and the climate finance provided by
developed countries to developing countries reached 79.6 billion US dollars in 2019
(OECD 2021a).

Even though there has been an extensive evaluation of aid effectiveness for eco-
nomic growth and poverty reduction (see e.g., Doucouliagos and Paldam 2009 for
a review), certain studies examining the effectiveness of environmental aid flows to
improve environmental quality have been emerged recently. The existing literature
finds a mixed set of findings of the effect of green aid flows on environmental degra-
dation (see Sect. 2 for the detailed literature review). Our paper aims to contribute
to the literature that examines the relationship between green finance (aid) and CO2
emissions. The existing literature examines the effect of aid flows on environmen-
tal pollution by either using aggregate aid flows (see e.g., Boly 2018; Farooq 2022;
Mahalik et al. 2021; Sharma et al. 2019), or sector-related aid flows (see e.g., Li et al.
2021a; Mahalik et al. 2021); or aggregate aid flows in specific areas (see e.g., Wu et al.
2021). However, existing aid flows targeting the environment have been classified into
four-scoring systems. The total aid flows targeting environment is divided into four
categories. Green aid flows are put into two categories if the support “principally” or
“significantly” targets the environmental objectives. The other two categories include
aid flows that do not target the objective, but are screened or not screened (OECD
2021b for the details of the scoring system). The current studies have used aggregate
flows without distinguishing for the scoring system; however, it is expected that aid
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flows are designed to meet the principal and significant objectives of environmental
targets of the Rio convention (e.g., limiting anthropogenic emissions) so as to be more
effective in reducing CO2 emissions compared to that of aid flows that do not target the
objectives or are not screened. Therefore, this paper aims to contribute to the existing
literature by investigating whether aid classification (or categorization) has a varying
effect on CO2 reductions in the case of 97 developing countries, spanning the period
2002 to 2018 (see “Appendix A” for the list of countries used in this paper). Since
we aim to investigate the impact of green finance on CO2 emissions, this paper also
evaluates the climate change mitigation effectiveness of the green finance (see e.g., Li
et al. 2021a).

The remainder of the paper is organized as follows. The second section provides the
literature on the effects of foreign aid on CO2 emissions and the determinants of CO2
emissions. The third section provides the details of data used and the empirical strategy
followed. The empirical findings are presented in Sect. 4, while Sect. 5 concludes and
provides policy recommendations.

2 Literature review

The existing literature recently investigated the role of the foreign finance (aid) on
CO2 emissions. The first stream of the literature has found that green aid flows led
to decreased CO2 emissions. Using climate change mitigation aid flows to the three
most carbon-intensive sectors (energy, transport and industry) to 86 countries between
2003 and 2014, Li et al. (2021a) demonstrate that aid flows to these sectors reduce
CO2 emissions only in countries with strong institutional quality. Similarly, using the
aid flows for energy generation and supply by renewable sources, as well as the flows
of funds targeted at biosphere protection to developing countries, Carfora and Scan-
durra (2019) document that these aid flows reduce greenhouse gas (GHG) emissions.
In contrast, using aid flows data for 52 recipient countries from 1980 to 2016, and
the mediation models, Wu et al. (2021) highlight that aid flows directly reduce CO2
emissions, as well as indirectly through the substitution of clean energy for traditional
fossil energy. In the same line, using aggregate aid flows data, Sharma et al. (2019)
show that total foreign aid leads to reduced CO2 emissions in Nepal. Other studies
also find that aid flows reduce CO2 emissions (see Mahalik et al. 2021 for the effect
of total foreign aid on CO2 emissions for India; Farooq 2022 for 49 Asian countries;
Boly 2018 for 112 countries when multilateral aid flows are used; Pinar 2023 for 92
countries). However, another strand of the literature either finds no significant or a
negative effect of green aid on environmental degradation. For instance, using data
for 128 countries over the period 1971–2011, Bhattacharyya et al. (2018) examine the
effect of energy-related aid on CO2 and SO2 emissions and find no significant impact
with the exception of countries located in Europe and Central Asia. On the other hand,
Mahalik et al. (2021) illustrate that energy-related aid flows to India lead to increased
CO2 emissions. Similarly, Bertheau and Lindner (2022) found that foreign aid allo-
cated to the energy sector led to increased harmful fossil fuel capacities in Southeast
Asia. Using total foreign aid flows for 112 developing countries between 1980 and
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2013, Boly (2018) shows that bilateral aid flows have no significant effect on pollution
reduction.

A wide body of literature examines the determinants of CO2 emissions per capita.
One of the most examined hypotheses is the environmental Kuznets curve (EKC),
which expects that the environmental degradation will increase along with the ini-
tial economic growth at lower levels of development, but after surpassing a certain
development level, economic growth would lead to environmental improvement (see
e.g., Grossman and Krueger 1991, 1995; Panayotou 1993), resulting in an inverted
U-shaped relationship between economic development and environmental degrada-
tion. Even though most of the studies provide support for the EKC hypothesis (e.g.,
Apergis 2016; Churchill et al. 2018; Dogan and Seker 2016; Jeffords and Thomp-
son 2019; Kasioumi 2021; Kasioumi and Stengos 2023; Sarkodie and Ozturk 2020;
Sinha and Shahbaz 2018, among many others)), some studies found N-shaped rela-
tionship between pollution and economic development (e.g., Balsalobre-Lorente et al.
2017; Özokcu and Özdemir 2017) and some other studies find no support for the EKC
hypothesis (e.g., Al-Mulali et al. 2015; Inglesi-Lotz and Dogan 2018; Ozcan et al.
2018). The readers are referred to Sarkodie and Strezov (2019) for a detailed review
of the EKC hypothesis. One of the key inputs of the production is energy consumption,
and the existing literature also examines the role of energy consumption for the CO2
emissions as part of the EKC hypothesis (Al-Mulali et al. 2015; Destek and Sarkodie
2019; Karahasan and Pinar 2021; Sarkodie and Ozturk 2020; Shahbaz et al. 2020;
Usman et al. 2019, among many others).

Other important factors that are found to be important for environmental degra-
dation are foreign direct investment (FDI) flows and trade activities. The so-called
pollution haven hypothesis (PHH) has been extensively examined, which argues that
both FDI and trade flows in developing countries are due to their weak environmental
regulations, while leading to increased environmental degradation in these countries.
Most of the existing studies find a positive association between FDI flows and CO2
emissions (see e.g., Sapkota and Bastola 2017; Hanif et al. 2019; Nawaz et al. 2021;
Salehnia et al. 2020; among others). On the other hand, another strand of the literature
shows a negative effect of FDI flows on CO2 emissions, known as the pollution halo
effect, as FDI flows lead to increased use of advanced technologies and improved
management practices (see e.g., Huang et al. 2017; Wang et al. 2019; Zhu et al. 2016).
Ahmad et al. (2021) find support for pollution haven or halo effects depending on
the Chinse province examined (see also Apergis et al. 2023 for the effect of bilateral
FDI flows on CO2 emissions). Similar to the findings regarding the effects of FDI
flows on environmental quality, the effect of trade on environmental quality provides
mixed findings. One strand of the literature found that trade openness led to improved
technology use and knowledge spillovers, known as the technique effect, and reduces
CO2 emissions (see e.g., Shahbaz et al. 2012, 2013; Koc and Bulus 2020). Another
strand of literature argues that trade openness increases economic activity and leads
to increased CO2 emissions (see e.g., Ahmed et al. 2017; Cai et al. 2018; Chen et al.
2022; Dou et al. 2021; Li et al. 2021b; Rahman et al. 2021).

The level of urbanization has been integrated into the analysis of environmental
degradation. One strand of literature finds that urbanization leads to increased energy
efficiency and innovation, subsequently, decreasing environmental degradation (see
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e.g., Charfeddine and Mrabet 2017; Liobikienė and Butkus 2019); whereas, another
strand of the literature argues that urbanization leads to increased energy consumption
and therefore hampers environmental quality (Al-Mulali andOzturk 2015;Dauda et al.
2021; Pata 2018; Sheng and Guo 2016; Wang et al. 2018).

3 Data and empirical strategy

3.1 Data and variables

In line with the existing literature, we use CO2 emissions per capita as a proxy for
environmental degradation (Bhattacharyya et al. 2018; Farooq 2022; Mahalik et al.
2021; Sharma et al. 2019, among others). The data on CO2 emissions per capita are
obtained from the World Development Indicators of the World Bank. By contrast, the
variable with the main interest in this paper is aid flows with environmental targets.
During the Earth Summit in Rio de Janeiro in 1992, the countries committed to helping
developing countries in the implementation of the Rio Conventions. Therefore, the
OECD-DAC statistical department has been keeping a record of aid flows to the
developing countries that aim to target Global Environmental Objectives. We use total
aid flows to the developing countries that aim to tackle environmental goals (OECD
2021c). The four-scoring system has been used to identify aid flows to the developing
countries. These are mainly marked as targeting the environment as a (i) “principal”
objective, or (ii) “significant” objective, or alternatively the aid flows did, or (iii) not
target the objective, but screened, or (iv) not screened (OECD 2021b for the details of
the scoring system). In this paper, we test whether different aid classifications have a
varying effect on CO2 emissions in developing countries. After eliminating the data
with missing observations, we end up with 97 countries with a yearly balanced panel
data set between 2002 and 2018 (see “Appendix A” for the country list). This green aid
flows data are part of the Official development assistance (ODA) of the OECD, which
targets the socioeconomic welfare of developing countries. Therefore, we consider
only 97 developing countries as part of our analysis as green aid is only allocated to
developing countries.

In the empirical setting, we examine the effects of the overall aid flows targeting
the environment (AID-T); aid flows classified to meet the principal objective of Rio
Conventions (AID-P); aid flows that meet the significant objective of Rio Conventions
(AID-S); aid flows that do not target the Rio Convention objectives, but screened
(AID-NTBS); and aid flows that are not screened (AID-NS). For the robustness of the
analysis, aid data is used in two forms: (i) different types of green aid flows are divided
by the total population, and (ii) different types of green aid flows are presented as a
percentage of GDP.

We also account for the standard control variables, along with the existing liter-
ature discussed in Sect. 2. To test the EKC hypothesis, we also include GDP per
capita (measured in constant 2010 US$), and the square of GDP per capita. We also
control for energy consumption per capita (measured in kg oil equivalent), trade open-
ness (measured as the sum of the imports and exports as a percentage of GDP), net
inflows of foreign direct investment (measured as a % of GDP), and urban population
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Table 1 Descriptive statistics

Variables Mean Median SD Range

CO2 emissions per capita 2.13 1.30 2.46 16.01

GDP per capita 3748.96 2902.77 3334.66 17,780.50

Energy consumption per capita 938.61 653.26 1031.64 7953.24

Trade openness 75.25 69.48 34.80 311.19

FDI (% of GDP) 4.52 2.94 6.75 140.49

Urbanization 50.68 49.31 19.40 86.65

AID—P (% of GDP) 0.17 0.06 0.38 8.92

AID—S (% of GDP) 0.35 0.11 0.67 11.05

AID—NTBS (% of GDP) 1.61 0.72 2.55 26.13

AID—NS (% of GDP) 0.35 0.09 0.78 12.40

AID—T (% of GDP) 2.49 1.41 3.34 29.31

AID—P per capita 3.90 1.02 13.01 322.66

AID—S per capita 5.62 2.06 12.87 276.62

AID—NTBS per capita 24.90 12.96 39.39 484.76

AID—NS per capita 4.96 1.58 10.38 149.97

AID—T per capita 39.39 23.08 54.60 655.76

(measured as a percentage of the total population). All the data for control variables,
except energy consumption, is obtained from the World Development Indicators of
the World Bank. Total energy consumption data are available up to 2014 in the World
Bank Development Indicators, henceforth, we obtained the total energy consumption
from the U.S. Energy Information Administration.1 Table 1 shows certain summary
statistics. On average, the percentage of the green aid targeting environmental objec-
tives principally or significantly takes a smaller percentage of total aid flows (i.e.,
0.17 and 0.35% of the GDP), compared to the aid that does not target environmental
objectives, but screened (i.e., 1.61% of the GDP).

3.2 Empirical strategy

The goal is to explore the role of environmental aid in CO2 emissions per capita. To
this end, the model specification yields:

CO2i,t = c1EAIDt + c2GDPYi,t + c3GDPY
2
i,t + c4ECi,t + c5TOi,t + c6URBi,t

+ c7FDIi,t + αi + βt + b0 + vi,t (1)

where CO2 is carbon emissions per capita, GDPY is GDP per capita, GDPY2 is GDP
per capita squared, EC shows energy consumption per capita, TO denotes trade open-
ness, URB denotes urbanization, and FDI is foreign net direct investment inflows.

1 The data set could be obtained from https://www.eia.gov/international/data/world.
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EAID denotes environmental aid, and we include different types of environmental aid
to the estimations one at a time (i.e., AID-T, AID-P, AID-S, AID-NTBS and AID-
NS as a percentage of GDP and per capita). The model allows for both country and
time fixed effects, αi and β t , respectively, and b0 is the constant term. In a panel
country framework, the disturbances vi,t are uncorrelated. They are assumed to be
independently distributed across countries with a zero mean. To avoid the presence
of potential endogeneity issues, we estimate the dynamic panel data model using the
General Method of Moments (GMM) method recommended by Arellano and Bover
(1995) and Blundell and Bond (1998). The presence of endogeneity potentially could
come through reverse causality between carbon emissions and any of the covariates.
For instance, Azam et al. (2016) provide evidence that carbon emissions have a sig-
nificant positive impact on economic growth in the cases of China, Japan, and the
US, while it has a negative effect in the case of India. Similar results are reached by
Zou and Zhang (2020) based on panel data from 30 regions in China. Similarly, it
has also been found causality running from CO2 emissions to FDI inflows and CO2
emissions to trade openness (Shao et al. 2019). Therefore, to account for the potential
endogeneity of the covariates, we use the GMM estimation and use lagged values of
the covariates as instrumental variables (see e.g., Apergis and Pinar 2021; Hove and
Tursoy 2019; Li et al. 2021a, b; Mahadevan and Sun 2020; among others, for the use
of GMM methods).

In addition, the empirical analysis will make use of panel causality introduced
by Dumitrescu and Hurlin (2012). This test can be used when T > N (with T being
the number of observations and N the number of countries considered) which is our

case here. The correspondingWald statistic is defined as: ZN ,T =
√

N
2K

(
WN ,T − K

)
,

where K is the number of lags in the corresponding vector autoregression (VAR)
model, and:

WN ,T = 1

N

N∑
i=1

Wi,T (2)

where Wi,T stands for the individual Wald statistical values for cross-section units.

4 Empirical analysis

The unit root tests are essential for determining whether we should use levels or first
differences of the covariates in the GMM estimations. However, to determine which
set of unit root tests (i.e., first- or second-generation) are suitable for our analysis,
we investigate the degree of residual cross-sectional dependence in the first step of
the empirical analysis. The previous literature generally used first-generation unit root
tests to test for the stationarity, assuming cross-sectional independence; however, most
macro-level data is usually cross-sectionally dependent (Pesaran 2015). Therefore, we
first explore the degree of residual cross-sectional dependence. To this end, the cross-
sectional dependence (CD) statistic by Pesaran (2004) is employed. The results are
reported in Table 2 and uniformly reject the null hypothesis of cross-section indepen-
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Table 2 Cross dependence tests
Variables CD test p-value

CO2 emissions per capita 8.92 0.01

GDP per capita 8.36 0.00

GDP per capita squared 9.45 0.00

Energy consumption per capita 7.44 0.00

Trade openness 8.93 0.01

FDI (% of GDP) 7.85 0.00

Urbanization 7.15 0.00

AID—P (% of GDP) 9.07 0.00

AID—S (% of GDP) 10.84 0.00

AID—NTBS (% of GDP) 9.42 0.00

AID—NS (% of GDP) 11.92 0.00

AID—T (% of GDP) 10.51 0.01

AID—P per capita 9.74 0.00

AID—S per capita 11.63 0.00

AID—NTBS per capita 10.07 0.00

AID—NS per capita 9.85 0.00

AID—T per capita 9.52 0.00

The test is based on the sum of correlation coefficient squares among
cross sectional residuals. This test, which is asymptotically standard
normal

dence, suggesting that all of the variables are cross-sectionally dependent.
Next, a second-generation panel unit root test is employed to determine the degree

of integration of the respective variables. The Pesaran (2007) panel unit root test does
not require the estimation of factor loading to eliminate cross-sectional dependence.
The null hypothesis is a unit root for the Pesaran (2007) test. The results are presented
in Table 3. They indicate that all variables are stationary in their first differences.
Therefore, based on these unit root results, the first differences of the covariates are
used in the GMM estimations.

Table 4 reports the baseline empirical results using the static GMM estimations.
Columns (1) through (10) display the estimates when all controls are included, while
each column corresponds to the ten definitions of the environmental aid variable.
The first five columns define the aid variable as a percentage of GDP, while the five
remaining columns include the aid variable defined in per capita terms. Firstly, we
highlight the relevant diagnostics. In all cases, we test for the serial correlation in the
error term by using the Arellano-Bond test. The AR (2) test results suggest that the
null hypothesis is rejected, indicating no second-order serial correlation. Furthermore,
difference-in-Hansen is the test of the validity of GMM instruments and the test of
overidentification is based on the Hansen J statistic. In particular, the diagnostics reject
the null hypothesis of difference-in-Hansen tests, thus, supporting the validity of the
instruments considered.
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Table 3 Unit root tests
Variables Levels First differences

CO2 emissions per capita − 1.271 − 7.344***

GDP per capita − 1.448 − 6.985***

GDP per capita squared − 1.519 − 7.549***

Energy consumption per capita − 1.233 − 8.992***

Trade openness − 1.195 − 7.540***

FDI (% of GDP) − 1.166 − 8.714***

Urbanization − 1.258 − 6.853***

AID—P (% of GDP) − 1.463 − 8.709***

AID—S (% of GDP) − 1.225 − 7.664***

AID—NTBS (% of GDP) − 1.349 − 7.451***

AID—NS (% of GDP) − 1.528 − 7.983***

AID—T (% of GDP) − 1.254 − 8.073***

AID—P per capita − 1.561 − 6.832***

AID—S per capita − 1.447 − 7.235***

AID—NTBS per capita − 1.251 − 7.984***

AID—NS per capita − 1.367 − 7.994***

AID—T per capita − 1.543 − 8.854***

A constant is included in the Pesaran (2007) tests. The results are
reported under the null hypothesis of stationarity. Critical values are:
− 2.40 at 1%, − 2.22 at 5%, and − 2.14 at 10%. The Pesaran results
are reported at lag = 4. ***: p ≤ 0.01

Our findings remain consistently similar across all specifications. More specifi-
cally, the estimates clearly document a negative and statistically significant impact of
environmental aid on CO2 emissions per capita across the panel of countries under
consideration. Overall, we find that all types of environmental aid flows negatively
affect CO2 emissions per capita; however, the magnitude of the aid flows principally
targeting the environmental objectives is the highest among all types of sub-category
green aid flows. For instance, if the growth of the environmental aid targeting environ-
mental objectives principally (i.e., �AID—P) increases by one unit as a percentage
of GDP, CO2 emissions per capita decreases by 0.0673. On the other hand, growth in
environmental aid significantly targeting environmental objectives (i.e., �AID—S),
not targeting objectives, but screened (i.e., �AID—NTBS) and not screened (i.e.,
�AID—NS) increases by one unit as a percentage of GDP, CO2 emissions per capita
decreases by 0.0639, 0.0611, and 0.0583, respectively.When the aid variable is defined
in per capita terms, we also observe a similar trend where the magnitude of the coeffi-
cient of green aid is higher when aid targets the environmental objectives principally
or significantly compared to non-screened aid flows. In other words, our findings
demonstrate that the environmental aid that targets objectives principally or signifi-
cantly leads to more reduction in CO2 emissions. Therefore, more aid allocation in
these categories would contribute achieving reduction in CO2 emissions in developing
countries.
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In terms of the remaining controls, the estimates clearly document that energy con-
sumption, trade openness and urbanization exert a positive and statistically significant
impact on CO2 emissions per capita. In contrast, FDI has a negative impact on car-
bon emissions. The effects of the GDP per capita and the squared term of GDP per
capita turns out to be negative and positively, respectively, which offers evidence of
an U-shaped relationship between income and environmental pollution. This finding
highlights that the increase in GDP per capita leads to decrease in CO2 emissions
initially but then leads to an increase in CO2 emissions. This finding is in line with
the studies that highlight an N-shaped relationship between income and environmen-
tal pollution (see e.g., Balsalobre-Lorente et al. 2017; Karahasan and Pinar 2021;
Özokcu and Özdemir 2017). In other words, increases in trade openness, urbanization
and energy consumption lead to increased CO2 emissions, which are in line with the
existing literature (Al-Mulali and Ozturk 2015; Ahmed et al. 2017; Cai et al. 2018;
Destek and Sarkodie 2019;Dauda et al. 2021;Dou et al. 2021). In otherwords, increase
in trade openness leads to an increased economic activity and therefore increases CO2
emissions in developing countries. In contrast, growth in FDI flows to developing
countries leads to decreased CO2 emissions, which confirms the pollution halo effect,
as FDI flows lead to an increased use of advanced technologies and improved man-
agement practices (see e.g., Huang et al. 2017; Wang et al. 2019; Zhu et al. 2016).

5 Robustness analysis

5.1 The dynamic model

This section repeats the baseline analysis (Table 4), but this time, the dynamic version
of Eq. (1) is considered in which certain lags of all the covariates are allowed. The
number of lags has been determined through the Akaike criterion. The new findings
are reported in Table 5 and provide robust support to those reported previously. Based
on the Akaike criterion, the estimations include lagged GDP per capita, trade openness
and FDI growth levels in the estimation compared to the estimations reported in Table
4. Overall, all types of environmental aid flows negatively affect CO2 emissions per
capita, but the magnitude of the coefficients of aid targeting environmental objectives
principally (columns 1 and 6) and significantly (columns 2 and 7) are larger than those
of the coefficients of aid not targeting objectives, but screened (columns 3 and 8) and
not screened (columns 4 and 9). Furthermore, the coefficients of the lagged GDP per
capita, trade openness and FDI growth levels are also significant and the signs of the
lagged coefficients of these variables are similar to those reported in Table 4. Overall,
the findings are consistent with the dynamic GMM estimations.

5.2 Panel non-causality test

In this part, to examine that the direction of the causality between green aid flows
and CO2 emissions, the panel non-causality test developed by Dumitrescu and Hurlin
(2012) is performed. Under the null hypothesis, it is assumed that there is no individual
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causality relationship from one variable to another exists. This hypothesis is denoted as
theHomogeneousNon-Causality (HNC) hypothesis. Under the alternative hypothesis,
it is assumed that there is a causal relationship from one variable to another for a
subgroup of individuals and the coefficients may differ across groups.

The causality results are reported inTable 6.According to them,we can highlight the
presence of univariate causality at the 1% level, running fromall types of environmental
aid toCO2 emissions per capita. Therefore, environmental aid significantly affectsCO2
emissions per capita levels, but CO2 emissions per capita of developing countries do

Table 6 Dumitrescu and Hurlin
panel Granger non-causality test
results

Null hypothesis p-value

Principal Aid targetting Rio Convention as % of GDP

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.28]

Significant Aid targetting Rio Convention as % of GDP

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.33]

Aid not targetting Rio Convention but screened as % of GDP

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.21]

Aid not screened as % of GDP

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.27]

Total environmental aid—Sum of the previous four definitions

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.39]

Principal Aid targetting Rio Convention (per capita)

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.18]

Significant Aid targetting Rio Convention (per capita)

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.24]

Aid not targetting Rio Convention but screened (per capita)

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.30]

Aid not screened (per capita)

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.16]

Total environmental aid—Sum of the previous four definitions
(per capita)

Environmental aid does not cause carbon emissions [0.00]

Carbon emissions does not cause environmental aid [0.42]
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not significantly affect the green aid allocation. In other words, the non-causality tests
confirm the causal link running from the environmental aid to CO2 emissions per
capita and support our findings with the GMM estimations.

6 Conclusion and policy implications

Climate change imposes a wide range of negative consequences on developing coun-
tries. To combat and alleviate the negative implications of climate change, developed
countries and international organizations have been allocating environmental aid to
developing countries. These green aid flows to developing countries have been rated in
terms of their targets: (i) targeting environmental objectives principally; (ii) targeting
environmental objectives significantly; (iii) green aid that does not target objectives,
but screened; and (iv) not screened.

In this paper, we found that the aid classification mattered by using two different
estimation methods, GMM estimation and non-causality tests, and green aid flows
to 97 developing countries between 2002 and 2018. In particular, we found that the
magnitude of the impact of the reduction of the CO2 emissions was relatively higher if
aid was classified as principally or significantly targeting the environmental objectives
than those not targeted, nor screened. Our findings were also robust to the inclusion of
the standard set of control variables and our analysis also tackled potential endogeneity
problems.

Even though all types of green aid flows matter for reducing CO2 emissions per
capita, the green aid that targets the environmental objectives does a better job in
reducing CO2 emissions. Therefore, international organizations and developed coun-
tries (i.e., donors) should place more aid classified to target environmental objectives
principally or significantly to increase the effectiveness of the green aid. Further-
more, beyond the negative impact of green aid on CO2 emissions, we also found that
the change in FDI reduces CO2 emissions, and the increase in urbanization leads to
increased CO2 emissions. Therefore, developing countries should promote policies
that foster FDI flows because FDI flows lead to increased use of advanced technolo-
gies and improved management practices (see e.g., Huang et al. 2017; Wang et al.
2019; Zhu et al. 2016) and reduce CO2 emissions. Furthermore, developing countries
should promote smart cities with efficient energy use during urbanization to improve
energy efficiency and reduce CO2 emissions.

There are some limitations of the study and potential future research areas. Firstly,
our analysis covers yearly data up to 2018 due to data availability, and future studies
could evaluate the implications of green finance for pollution in developing countries
in recent years by analyzing a recent data set. Secondly, this paper examined the impact
of green finance on CO2 emissions in developing countries; however, a future study
could also evaluate the impact of green finance on renewable energy adaptation and
energy efficiency.
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Appendix A

Countries included in the empirical analysis

Albania, Algeria, Angola, Antigua and Barbuda, Argentina, Armenia, Azerbai-
jan, Bangladesh, Belarus, Belize, Benin, Bhutan, Bolivia, Bosnia and Herzegovina,
Botswana, Brazil, Burkina Faso, Burundi, Cabo Verde, Cameroon, Central African
Republic, Chad, Chile, China, Colombia, Congo Dem. Rep., Congo Rep., Costa Rica,
Cote d’Ivoire, Dominica, DominicanRepublic, Ecuador, Egypt, El Salvador, Eswatini,
Fiji, Gabon, Gambia, Georgia, Ghana, Grenada, Guatemala, Guinea, Guinea-Bissau,
Haiti, Honduras, India, Indonesia, Iran, Iraq, Jamaica, Jordan, Kazakhstan, Kenya,
Kyrgyz Republic, Lebanon, Liberia, Libya, Madagascar, Malaysia, Mali, Mauritania,
Mauritius, Mexico, Mongolia, Morocco, Mozambique, Myanmar, Namibia, Nepal,
Nicaragua, Niger, Nigeria, Pakistan, Panama, Paraguay, Peru, Philippines, Rwanda,
Senegal, Sierra Leone, South Africa, Sri Lanka, Sudan, Tanzania, Thailand, Togo,
Tunisia, Turkey, Turkmenistan, Uganda, Ukraine, Uruguay, Uzbekistan, Vietnam,
Zambia, Zimbabwe.

References

Ahmad M, Jabeen G, Wu Y (2021) Heterogeneity of pollution haven/halo hypothesis and Environmental
Kuznets Curve hypothesis across development levels of Chinese provinces. J Clean Prod 285:124898.
https://doi.org/10.1016/j.jclepro.2020.124898

Ahmed K, Rehman MU, Ozturk I (2017) What drives carbon dioxide emissions in the long-run? Evidence
from selected South Asian Countries. Renew Sustain Energy Rev 70:1142–1153

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jclepro.2020.124898


70 N. Apergis et al.

Al-Mulali U, Saboori B, Ozturk I (2015) Investigating the environmental Kuznets curve hypothesis in
Vietnam. Energy Policy 76:123–131

Al-Mulali U, Ozturk I (2015) The effect of energy consumption, urbanization, trade openness, industrial
output, and the political stability on the environmental degradation in the MENA (Middle East and
North African) region. Energy 84:382–389

Apergis N (2016) Environmental Kuznets curves: new evidence on both panel and country-level CO2
emissions. Energy Econ 54:263–271

Apergis N, Pinar M (2021) The role of party polarization in renewable energy consumption: Fresh evidence
across the EU countries. Energy Policy 157:112518

Apergis N, Pinar M, Unlu E (2023) How do foreign direct investment flows affect carbon emissions in
BRICS countries? Revisiting the pollution haven hypothesis using bilateral FDI flows from OECD to
BRICS countries. Environ Sci Pollut Res 30(6):14680–14692

Arellano M, Bover O (1995) Another look at the instrumental variable estimation of error-components
models. J Econom 68:29–51

AzamM, Khan AQ, Abdullah HB, Qureshi ME (2016) The impact of CO2 emissions on economic growth:
evidence from selected higher CO2 emissions economies. Environ Sci Pollut Res 23(7):6376–6389

Balsalobre-Lorente D, Shahbaz M, Ponz-Tienda JL, Cantos-Cantos JM (2017) Energy innovation in the
environmental Kuznets curve (EKC): a theoretical approach. In: Carbon footprint and the industrial
life cycle. Springer, Cham, pp 243–268

Bertheau P, Lindner R (2022) Financing sustainable development? The role of foreign aid in Southeast
Asia’s energy transition. Sustain Dev 30(1):96–109

Bhattacharyya S, Intartaglia M, Mckay A (2018) Does energy-related aid affect emissions? Evidence from
a global dataset. Rev Dev Econ 22(3):1166–1194

Blundell R, Bond S (1998) Initial conditions and moment restrictions in dynamic panel data models. J
Econom 87:115–143

Boly M (2018) CO2 Mitigation in Developing Countries: the Role of Foreign Aid. CERDI Working Paper
No.01. http://publi.cerdi.org/ed/2018/2018.01.pdf

CaiX, CheX, ZhuB, Zhao J, XieR (2018)Will developing countries become pollution havens for developed
countries? An empirical investigation in the Belt and Road. J Clean Prod 198:624–632

CarforaA, ScandurraG (2019) The impact of climate funds on economic growth and their role in substituting
fossil energy sources. Energy Policy 129:182–192

Charfeddine L, Mrabet Z (2017) The impact of economic development and social-political factors on eco-
logical footprint: a panel data analysis for 15MENAcountries. RenewSustain EnergyRev 76:138–154

Chen C, Pinar M, Stengos T (2022) Renewable energy and CO2 emissions: new evidence with the panel
threshold model. Renew Energy 194:117–128

Churchill SA, Inekwe J, Ivanovski K, Smyth R (2018) The Environmental Kuznets Curve in the OECD:
1870–2014. Energy Econ 75:389–399

Collier P, Conway G, Venables T (2008) Climate change and Africa. Oxf Rev Econ Policy 24(2):337–353
Dogan E, Seker F (2016) Determinants of CO2 emissions in the European Union: the role of renewable and

non-renewable energy. Renew Energy 94:429–439
Dauda L, Long X, Mensah CN, SalmanM, Boamah KB, Ampon-Wireko S, Dogbe CSK (2021) Innovation,

trade openness and CO2 emissions in selected countries in Africa. J Clean Prod 281:125143. https://
doi.org/10.1016/j.jclepro.2020.125143

Dell M, Jones BF, Olken BA (2012) Temperature shocks and economic growth: evidence from the last half
century. Am Econ J Macroecon 4(3):66–95

Dellink R, Lanzi E, Chateau J (2019) The sectoral and regional economic consequences of climate change
to 2060. Environ Resource Econ 72(2):309–363

Destek MA, Sarkodie SA (2019) Investigation of environmental Kuznets curve for ecological footprint: the
role of energy and financial development. Sci Total Environ 650(2):2483–2489

Duguma LA, Wambugu SW, Minang PA, van Noordwijk M (2014) A systematic analysis of enabling
conditions for synergy between climate change mitigation and adaptation measures in developing
countries. Environ Sci Policy 42:138–148

Dumitrescu EI, Hurlin C (2012) Testing for Granger non-causality in heterogeneous panels. Econ Model
29:1450–1460

Dou Y, Zhao J, Malik MN, Dong K (2021) Assessing the impact of trade openness on CO2 emissions:
evidence from China-Japan-ROK FTA countries. J Environ Manag 296:113241. https://doi.org/10.
1016/j.jenvman.2021.113241

123

http://publi.cerdi.org/ed/2018/2018.01.pdf
https://doi.org/10.1016/j.jclepro.2020.125143
https://doi.org/10.1016/j.jenvman.2021.113241


Does classification of green aid flows matter for environmental quality? 71

Doucouliagos H, Paldam M (2009) The aid effectiveness literature: the sad results of 40 years of research.
J Econ Surv 23(3):433–461

Farooq U (2022) Foreign direct investment, foreign aid, and CO2 emissions in Asian economies: Does
governance matter? Environ Sci Pollut Res 29:7532–7547

Flannigan MD, Stocks BJ, Wotton BM (2000) Climate change and forest fires. Sci Total Environ
262(3):221–229

Grossman GM, Krueger AB (1991) Environmental Impacts of a North American free trade agreement.
national bureau of economic research (NBER) working paper)

Grossman GM, Krueger AB (1995) Economic growth and the environment. Quart J Econ 110(2):353–377
Hanif I, Raza SMF, Gago-de-Santos P, Abbas Q (2019) Fossil fuels, foreign direct investment, and economic

growth have triggered CO2 emissions in emerging Asian economies: some empirical evidence. Energy
171:493–501

Hove S, Tursoy T (2019) An investigation of the environmental Kuznets curve in emerging economies. J
Clean Prod 236:117628

Huang J,ChenX,HuangB,YangX(2017)Economic and environmental impacts of foreigndirect investment
in China: a spatial spillover analysis. China Econ Rev 45:289–309

Huq S, Reid H, Konate M, Rahman A, Sokona Y, Crick F (2004) Mainstreaming adaptation to climate
change in Least Developed Countries (LDCs). Clim Policy 4(1):25–43

IEA (2021) Global Energy Review 2021, IEA, Paris. https://www.iea.org/reports/global-energy-review-
2021

Inglesi-Lotz R, Dogan E (2018) The role of renewable versus non-renewable energy to the level of CO2,
emissions a panel analysis of sub-Saharan Africa’s Big 10 electricity generators. Renew Energy
123:36–43

IPCC (2022) Climate change 2022: impacts, adaptation and vulnerability. Contribution of Working Group
II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. In: Pörtner H-O,
Roberts DC, Tignor M, Poloczanska ES, Mintenbeck K, Alegría A, Craig M, Langsdorf S, Löschke S,
Möller V, Okem A, Rama B (eds) Cambridge University Press. Cambridge, UK and New York, NY,
USA, p 3056. https://doi.org/10.1017/9781009325844

Jeffords C, Thompson A (2019) The human rights foundations of an EKC with a minimum consumption
requirement: theory, implications, and quantitative findings. Lett Spat Resour Sci 12:41–49

Karahasan BC, Pinar M (2021) The environmental Kuznets curve for Turkish provinces: a spatial panel
data approach. Environ Sci Pollut Res 29:25519–25531

Kasioumi M (2021) The environmental Kuznets curve: recycling and the role of habit formation. Review
of Econ Anal 13(3):367–387

KasioumiM, Stengos T (2023)A circularmodel of economic growth andwaste recycling. Circ Econ Sustain
3:321–346

Koc S, Bulus GC (2020) Testing validity of the EKC Hypothesis in South Korea: role of renewable energy
and trade openness. Environ Sci Pollut Res 27:29043–29054

Li DD, Rishi M, Bae JH (2021a) Green official development Aid and carbon emissions: do institutions
matter? Environ Dev Econ 26(1):88–107

Li M, Ahmad M, Fareed Z, Hassan T, Kirikkaleli D (2021b) Role of trade openness, export diversification,
and renewable electricity output in realizing carbon neutrality dream of China. J Environ Manag
297:113419. https://doi.org/10.1016/j.jenvman.2021.113419
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