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Abstract

Green growth seeks to reconcile economic expansion with the preservation of natural
resources essential for future development. However, the factors shaping green growth
in member countries of the Organization of Islamic Cooperation (OIC) remain
insufficiently understood. This study investigates the relationship between institutional
quality, financial development, environmental technology, and green growth in
Indonesia, Malaysia, Egypt, Uganda, Tunisia, Bangladesh, and Nigeria over the
period 2002-2020. Using 133 country-year observations, the analysis employs linear
and nonlinear panel autoregressive distributed lag (ARDL and NARDL) models, with
the Hausman test results supporting the use of the pooled mean group (PMG)
estimator. The findings identify environmental technology as the factor most strongly
associated with green growth, exhibiting a positive long-run relationship but a
negative short-run effect. The nonlinear estimates further suggest that this long-run
relationship is driven primarily by periods of declining environmental innovation.
Institutional quality is positively associated with green growth in the long run, while
institutional deterioration appears to offset gains of a comparable magnitude.
Financial development, by contrast, shows no significant long-run benefit and is
negatively associated with green growth in the short run. However, as the equality of
coefficients associated with positive and negative changes was not formally tested, the
estimated asymmetries should be interpreted as indicative rather than conclusive.
These findings highlight the importance of strengthening institutional capacity,
aligning financial resources with green investment priorities, and maintaining stable
support for environmental innovation.
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Introduction

Green growth seeks to reconcile economic development with environmental
sustainability by using resources more efficiently, protecting natural capital, and
creating new economic opportunities (OECD, 2011). Unlike conventional output
measures, it asks whether growth can last without eroding the environmental base that
future development depends on (Acosta et al., 2020; OECD, 2011). Three conditions
shape this outcome. Institutions determine how environmental policies are designed
and enforced (Kaufmann et al., 2010; Tamazian & Rao, 2010), financial systems
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decide where capital flows (Shahbaz et al., 2016), and environment-related technology
enables cleaner, more efficient production (Danish & Ulucak, 2020). Yang et al.
(2024) examine these factors together and find that digital technologies, financial
development, and institutional quality all support long-run green growth in South Asia.

Evidence on institutions is largely positive. Institutional quality supports long-
run green growth in South Asia (Ahmed et al., 2022) and is positively associated with
green gross domestic product (GDP) in member countries of the Organisation of
Islamic Cooperation (OIC) (Ali & Lacheheb, 2023). The OIC study, however, covers
only 2016-2019. Evidence on finance is mixed, because credit can fund clean
investment as easily as polluting activity (Tamazian & Rao, 2010; Zakaria & Bibi,
2019). Ahmed et al. (2022) find that financial development raises green growth in
South Asia, whereas Ali and Lacheheb (2023) find that it lowers green GDP in OIC
countries.

Technology also needs a precise definition. Yang et al. (2024) study digital
technologies, while Awodumi et al. (2025) show that general and green innovation
affect green growth differently across ten developing and transition economies. This
study therefore focuses on environment-related technology. These studies differ in
region and variables. Two cover South Asia (Ahmed et al., 2022; Yang et al., 2024),
one uses green GDP for OIC countries (Ali & Lacheheb, 2023), and one covers non-
OIC developing and transition economies (Awodumi et al., 2025). None examines
institutions, finance, and environmental technology together against a
multidimensional green growth index for OIC countries in Asia and Africa.

A second gap concerns the direction of change. Linear models assume that green
growth responds to an increase and a decrease of the same size in the same way. The
nonlinear autoregressive distributed lag (NARDL) model relaxes this assumption by
splitting each variable into cumulative increases and decreases; differing coefficients
suggest asymmetry, and a formal equality test confirms it (Shin et al., 2014). This study
examines how institutional quality, financial development, and environment-related
technology relate to green growth in seven OIC countries (Indonesia, Malaysia, Egypt,
Uganda, Tunisia, Bangladesh, and Nigeria) over 2002-2020, wusing the
multidimensional index of Acosta et al. (2020). A linear panel autoregressive
distributed lag (ARDL) model separates short-run from long-run effects, and a
NARDL model compares responses to increases and decreases. Three estimators are
compared: mean group (MG), pooled mean group (PMG), and dynamic fixed effects
(DFE) (Blackburne & Frank, 2007; Pesaran et al., 1999; Pesaran & Smith, 1995).

The study contributes in two ways. It combines the three factors and a
multidimensional green growth index in one framework for OIC economies in Asia
and Africa, extending work that focuses on South Asia or fewer variables (Ahmed et
al., 2022; Ali & Lacheheb, 2023; Yang et al., 2024). It also separates short-run from
long-run effects and responses to increases from responses to decreases, without
assuming in advance that the effects are positive or asymmetric.

Literature Review
Green Growth

The OECD (2011) defines green growth as economic progress that maintains and
enhances environmental assets while supporting human well-being. Measuring it
requires more than income data, and studies have used approaches ranging from green
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economic growth accounting in China (Song et al., 2019) and natural capital
accounting in India (Islam & Managi, 2019) to a composite index of OECD indicators
for Taiwan (Lee & Chou, 2018).

A broad measure matters because progress on one indicator does not ensure
progress on others (Lee & Chou, 2018). Acosta et al. (2020) build an index with four
dimensions: efficient and sustainable resource use, natural capital protection, green
economic opportunities, and social inclusion. This breadth suits developing
economies, where growth can finance environmental investment but can also
accelerate resource extraction (OECD, 2011). This study uses the Acosta et al. (2020)
index.

Institutional Quality and Green Growth

Institutions govern how policy is made, implemented, and enforced, and they are a
fundamental cause of long-run economic performance (Acemoglu et al., 2005).
Kaufmann et al. (2010) measure governance in six dimensions: voice and
accountability, political stability, government effectiveness, regulatory quality, rule of
law, and control of corruption.

These dimensions also shape environmental outcomes. Democracy improves air
quality (Bernauer & Koubi, 2009), governance quality and democratic development
drive environmental performance (Dluhopolskyi et al., 2019), and e-government and
control of corruption are linked to better environmental performance (Rodriguez-
Martinez et al., 2019). The effect still depends on the institutional framework in which
economic policy operates (Tamazian & Rao, 2010). Because rules and enforcement
change slowly, institutions are expected to affect green growth mainly in the long run
(Acemoglu et al., 2005).

Hi: Institutional quality is positively associated with green growth in the long run.

Financial Development and Green Growth

Financial development affects green growth through the volume and direction of
capital. Deeper financial systems ease access to funding for clean technologies, but
they also finance resource-intensive industries and raise energy demand (Sadorsky,
2010). Financial liberalisation harms the environment in transition economies unless
strong institutions are in place (Tamazian & Rao, 2010), and bank-based financial
development worsens environmental quality in Pakistan (Shahbaz et al., 2016).

Country studies show that the effect varies. Financial development has no
significant long-run effect on carbon emissions in Turkey (Ozturk & Acaravci, 2013)
but follows an inverted U-shape in the United Arab Emirates, where emissions first
rise and then fall as finance deepens (Charfeddine & Khediri, 2016). In a composite
index, these opposing forces may partly cancel out. A financial system that allocates
capital efficiently, however, can support the shift to a greener economy (Ahmed et al.,
2022; Campiglio, 2016).

Ha: Financial development is positively associated with green growth.
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Environment-Related Technology and Green Growth

Environment-related technology supports green growth by raising resource efficiency
and cutting pollution per unit of output (OECD, 2011), provided that firms adopt it
(Jaffe et al., 2002). It raises green growth in the BRICS economies (Brazil, Russia,
India, China, and South Africa) (Danish & Ulucak, 2020), but the type of technology
matters. In OECD countries, transport and production technologies support green
growth in some regions while energy-generation technologies undermine it (Mensah
et al., 2019); in the European Union, the pattern is reversed (Nosheen et al., 2021).

Invention alone is not enough. New technologies diffuse gradually, and diffusion
stalls where financing, infrastructure, or institutional capacity is weak (Awodumi et
al., 2025; Jaffe et al., 2002). The long-run relationship is expected to be positive, but
its size may depend on each country’s capacity to adopt.

Hs: Environment-related technological innovation is positively associated with green
growth in the long run.

Increases and Decreases: The Case for a Nonlinear Model

Green growth may respond differently to gains and losses. Institutional reform need
not mirror institutional decline, credit expansion and contraction may affect different
industries, and a fall in innovation may hurt more than a rise helps. The NARDL model
captures these possibilities by giving cumulative increases and decreases their own
short-run and long-run coefficients (Shin et al., 2014).

Each variable offers a specific mechanism. Institutional improvement is slow,
because credible rules and enforcement capacity build up gradually (North, 1990).
Deterioration acts faster: weaker control of corruption lets firms evade environmental
regulation at once, and instability raises policy uncertainty, which delays irreversible
green investment (Bernanke, 1983; Dixit & Pindyck, 1994). Institutional decline may
therefore reduce green growth faster or more strongly than an equal improvement
raises it.

For finance, new credit tends to flow first to established, collateral-rich firms
that are often energy intensive, and it raises energy demand (Sadorsky, 2010), while
riskier, longer-maturity green projects are rationed (Campiglio, 2016; Stiglitz &
Weiss, 1981). Expansion may therefore add little to green growth unless institutions
redirect credit (Tamazian & Rao, 2010). Contraction spreads quickly through firms’
balance sheets (Bernanke et al., 1999) and immediately shrinks credit-financed,
energy-intensive activity, so its effect need not mirror that of expansion, just as positive
and negative monetary shocks have unequal effects (Cover, 1992).

For environmental technology, a rise in innovation helps only after it diffuses,
and diffusion depends on absorptive capacity, finance, and infrastructure (Cohen &
Levinthal, 1990; Jaffe et al., 2002), so gains build up slowly. A fall works through path
dependence: because innovation builds on the existing knowledge stock, declining
clean innovation shifts research back towards polluting technologies (Acemoglu et al.,
2012; Aghion et al., 2016), a shift reinforced by carbon lock-in (Unruh, 2000). A
decline in environmental innovation may therefore reduce green growth by more than
an equal increase raises it.

Sohag et al. (2019) use this approach for green economic growth in Turkey and
find asymmetric long-run effects of cleaner energy, technological innovation, and
militarisation. This study applies it to institutions, finance, and technology in OIC
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countries. Differing coefficients indicate asymmetry; an equality test is needed to
confirm it (Shin et al., 2014).

Ha4: Green growth may respond differently to positive and negative changes in
institutional quality, financial development, and environment-related technological
innovation.

Research Methodology
Data, Sample, and Variables

The study examines seven OIC countries: Indonesia, Malaysia, Egypt, Uganda,
Tunisia, Bangladesh, and Nigeria, using annual data from 2002 to 2020. The balanced
panel comprises 133 observations, with no imputation of missing data.

The seven countries were selected on empirical and theoretical grounds.
Empirically, they are the OIC members with complete annual data on all four variables
for 2002-2020. A balanced panel is required because PMG estimates each country’s
short-run dynamics from its own time series (Pesaran et al., 1999) and the partial sums
in Equation (3) accumulate changes year by year (Shin et al., 2014). Theoretically, the
sample provides the variation that the research questions require. It covers Southeast
Asia, South Asia, North Africa, and Sub-Saharan Africa, ranges from low income
(Uganda) to upper-middle income (Malaysia) (World Bank, 2021), and differs widely
in institutional quality (Figure 1), which suits the PMG test of common long-run
coefficients across heterogeneous countries. It also contains movements in both
directions, such as institutional improvement in Indonesia and deterioration in Egypt
after 2011 (Figure 1), without which the positive and negative NARDL components
could not be estimated separately (Shin et al., 2014). The results therefore apply to
these seven countries rather than to all 57 OIC members.

Table 1. Variables, Measurement, and Sources

Variable Symbol Measurement Scale Source
Green growth GG Green Growth Index: 36 indicators Transformed  Acosta et
in four dimensions (resource index al. (2020)

efficiency, natural capital
protection, green economic
opportunities, social inclusion)

Institutional 1Q Mean of six WGI dimensions (voice Index, mean = World Bank

quality and accountability, political 0 WGI;
stability, government effectiveness, Kaufmann et
regulatory quality, rule of law, al. (2010)

control of corruption), each
standardised over the pooled panel

Financial FD Depth, access, and efficiency of 0-1 IMF;

development financial institutions and markets Svirydzenka
(2016)

Environment- GT Development, diffusion, and Index OECD

related international collaboration in

technology environment-related inventions

Note: annual data, 2002-2020. WGI = Worldwide Governance Indicators; IMF = International
Monetary Fund; OECD = Organisation for Economic Co-operation and Development. Source:
compiled by the author (2022).
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Table 1 defines the variables. Green growth (GG) is the Green Growth Index of
the Global Green Growth Institute (Acosta et al., 2020), which combines 36 indicators
in four dimensions and enters the model on a transformed scale from —1.281 to 0.856.
Institutional quality (IQ) is measured as the average of the six Worldwide Governance
Indicators (WGI) (Kaufmann et al., 2010), standardised across the 133 observations.
Financial development (FD) is measured using the IMF Financial Development Index
(Svirydzenka, 2016). Environment related technology (GT) is based on OECD
indicators covering the development, diffusion, and international co invention of
environmental technologies.

Linear Panel ARDL
The long-run relationship is:
GGy = a; + B11Q;t + BoF Dyt + B3GTy + &5t (D

where i is the country, ¢ the year, a_i a country-specific intercept, I to f_3 the long-
run parameters, and ¢_if the error term.

Equation (1) is estimated as a panel ARDL model. This model is valid when
variables are a mix of I(0), stationary in levels, and I(1), stationary after first
differencing, as long as none is I(2) (Pesaran et al., 2001). It also separates long-run
relationships from short-run adjustment and lets short-run dynamics differ across
countries (Pesaran et al., 1999). In error-correction form, the ARDL(p,q) model is:

p—1
AGGy = ¢i(GGipq — 6011Qi1— — 0,F Dy — 03GT; 1) + Z AijAGG;;_;
=1
-1 ! 2
+ Z(al’jAIQi,t_j + yijAFDi,t—j + 6ijAGTi,t—j) + Ui + Eit

j=0

where A is the first-difference operator, p and q are lag orders, 0 1 to 6 3 are
long-run coefficients, A_1ij, a_1ij, y_1ij, and o_ij are short-run coefficients, and p 11s a
country effect. ¢ i is the speed of adjustment to the long-run path; a negative and
significant ¢_1 confirms a long-run relationship (Pesaran et al., 1999).

The estimators differ in how much they pool across countries. MG estimates
each country separately and averages the coefficients (Pesaran & Smith, 1995). PMG
holds the long-run coefficients equal across countries but lets short-run coefficients,
adjustment speeds, and intercepts vary (Pesaran et al., 1999). DFE holds slopes and
adjustment speeds equal and lets only intercepts vary (Blackburne & Frank, 2007).

Nonlinear Panel ARDL

The NARDL model of Shin et al. (2014) splits each variable X€{IQ,FD,GT} into
cumulative increases and cumulative decreases:

t t
X = Z max (4X;,,0), X = Z min (4X;, 0) 3)
s=1 s=1

so that X”- is always zero or negative. Replacing each variable in Equation (2)
with its two components gives:
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3 r-1
AGGy = (GGi,t_l = D 10 X s + B;X;,i,t_ll) + ) 24466y,
=1 =1
3 q-1
+ z (nl-:ijAle,i,t—j + ”EijAXE,i,t—j) +u + &g (4)
k=17=0

where 6 k"+and 0_k”- are the long-run coefficients on increases and decreases,
and m_kij™+ and m_kij”- are the short-run ones. Because X”- is non-positive, a positive
0~ means that a fall in X lowers green growth, and a negative 6”- means that it raises
green growth.

Long-run asymmetry is confirmed when a Wald test rejects equal coefficients
(Shin et al., 2014):

Hy: 05 = 05 against H,:05 # 0y (5)

This test was not performed, so Section 4 treats differences between 6"+ and 6”-
as indicative, not confirmed.

Estimation Procedure and Preliminary Tests

The analysis begins with descriptive statistics and Pearson correlation coefficients.
Panel unit root tests are then used to establish that none of the variables is integrated
of order two, 1(2). Three tests are applied: Breitung (2000), which assumes a common
unit root process; the Im, Pesaran, and Shin (IPS) test (Im et al., 2003), which allows
for country specific coefficients; and the Fisher augmented Dickey Fuller (Fisher
ADF) test (Maddala & Wu, 1999), which combines individual country test results. For
each test, the null hypothesis of a unit root is assessed in both levels and first
differences.

Third, both models are estimated with MG, PMG, and DFE, and the Hausman
(1978) test selects among them:

H = (BA - BB),[VA - VB] 1(3,4 - i;B) (6)

where ”1s the vector of long-run coefficients and V "its covariance matrix. MG
(A) is always consistent; PMG (B) is more efficient when long-run coefficients are
homogeneous (Pesaran et al., 1999). H follows a "2 distribution. If the null is not
rejected, PMG is preferred and then tested against DFE (Blackburne & Frank, 2007).
Fourth, the preferred estimates are interpreted by sign, significance, and horizon, with
MG and DFE kept for comparison. Estimation uses Stata 13.

Results and Discussion
Institutional Quality across the Sample

Figure 1 shows substantial differences in institutional quality across the sample.
Malaysia records the highest average score (1.52), followed by Tunisia (0.59), while
Nigeria (—1.04) and Bangladesh (—0.68) have the lowest. Institutional quality also
follows different trajectories over time. Indonesia’s score improves from —0.53 in 2002
to 0.73 in 2020, whereas Egypt’s declines from 0.02 to —0.67, particularly after 2011.
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These contrasting trends provide a basis for examining whether improvements and
declines in institutional quality have different effects on green growth.

Malaysia Tunisia Indonesia Egypt

157"’\/_/\/“ 1 i J

1.0 4 4 1 1

|~ //’“

~1.0- 4 4 1
=15 = T T - T - T - T
Bangladesh Uganda Nigeria

1.5+ |

Dashed line = sample
mean (0). Values above 0
indicate institutional quality
above the seven-country
average, 2002-2020.

1.0 5 b

Institutional quality index (1Q)

T T T T T - T T
2002 2011 2020 2002 2011 2020 2002 2011 2020

Figure 1. Institutional Quality Index (IQ) by Country, 2002—-2020.
The index averages six WGI dimensions, each standardised over the 133 pooled observations; the
dashed line marks the sample mean (0). Source: World Bank WGI, processed by the author

Green growth (GG) has a mean of 0.008 and a standard deviation of 0.409, while
institutional quality (IQ) has a mean of zero by construction (Table 2). Financial
development (FD) averages 0.267 on a scale of 0 to 1, with a maximum of 0.663.
Environmental technology is the only variable significantly correlated with GG (r =
0.312, p<0.01). The correlations between GG and both IQ and FD are weak, although
their effects may emerge over time. IQ and FD, by contrast, are strongly correlated (r
= 0.743). While below the 0.80 threshold commonly used to indicate potential
multicollinearity (Gujarati & Porter, 2009), this correlation warrants caution when
interpreting their individual effects. Zakaria and Bibi (2019) report a similar link
between financial development and institutional quality in South Asia.

Table 2. Descriptive Statistics and Pearson Correlations

Variable Mean  Std. dev. Min Max GG 1Q FD GT
GG 0.008 0.409 —1.281 0.856 1.000

1Q 0.000 0.830 —1.360 1.749 —0.016 1.000

FD 0.267 0.169 0.000  0.663 —0.007  0.743***  1.000

GT —0.002 0345 —0.500 0.610  0.312%** 0.047 0.117  1.000

Note: 133 observations for each variable. *** p <0.01. Correlations describe linear co-movement only.
Source: author’s calculations (2022).

This study extends the existing literature by examining institutional quality,
financial development, and environment-related technology jointly in seven OIC
countries across Asia and Africa, using a multidimensional green growth index. It also
distinguishes short-run from long-run effects and examines whether increases and
decreases in these factors are associated with different green growth outcomes. This
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approach goes beyond studies that focus on a single region, use fewer explanatory
variables, or rely on linear models.

Table 3. Panel Unit-Root Tests

Variable Test Level First difference Order
GG Breitung =3.716%*%* (< 0.001) —2.949%** (0.002) 1(0)/1(1)
IPS —1.593* (0.056) —5.596*** (< 0.001)
Fisher-ADF 19.888 (0.134) 73.383*** (< 0.001)
IQ Breitung 0.228 (0.590) —3.141%** (< 0.001) I(1)
IPS —1.018 (0.154) —4.901%** (< 0.001)
Fisher-ADF 16.385 (0.290) 62.382*%** (< 0.001)
FD Breitung 0.430 (0.667) —4.506*** (< 0.001) I(1)
IPS 0.760 (0.777) —4.248%** (< 0.001)
Fisher-ADF 9.325 (0.810) 51.621%%* (< 0.001)
GT Breitung —2.538*** (0.006) —3.080%** (0.001) 1(0)

IPS ~1.662%* (0.048) —6.734%%* (< 0.001)
Fisher-ADF 23.158* (0.058) 95.901%** (< 0.001)

Note: p-values in parentheses. Null hypothesis: the series contains a unit root. IPS = Im, Pesaran, and
Shin; Fisher-ADF = Fisher-type augmented Dickey—Fuller. Breitung and IPS statistics are standard
normal; Fisher-ADF statistics are y* with 14 degrees of freedom. *** p <0.01; ** p <0.05; * p <0.10.
Source: author’s calculations (2022).

The unit root tests show that IQ and FD are nonstationary in levels but become
stationary after first differencing, indicating that both are I(1) (Table 3). GT is
stationary in levels, indicating that it is 1(0). The results for GG are mixed: Breitung
and IPS indicate stationarity in levels, whereas Fisher ADF does not (p = 0.134). All
variables are stationary after first differencing, and none is 1(2). As Pesaran et al.
(2001) explain, the ARDL approach accommodates variables with different orders of
integration, provided none is I(2). This allows the study to examine short-run and
long-run relationships within the same model. The study extends this approach by
combining linear ARDL and nonlinear ARDL to assess whether institutional quality,
financial development, and environmental technology relate to green growth
differently across short- and long-run horizons and in response to increases and
decreases in these factors in OIC countries.

Linear Panel ARDL Estimates

The Hausman test results support the use of the pooled mean group (PMG) estimator
(Table 4). The test does not reject the equality of long-run coefficients between mean
group (MG) and PMG (p = 0.934). The comparison between PMG and dynamic fixed
effects (DFE) also shows no significant difference (p = 0.950). PMG is therefore used
as the main estimator because it allows countries to share common long-run
coefficients while retaining country-specific short-run dynamics (Pesaran et al., 1999).
This is suitable for the sample, which includes countries with different levels of
economic and institutional development.
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Table 4. Linear Panel ARDL Estimates (Dependent Variable: GG)

Variable MG PMG DFE

Long run

IQ 0.175 (0.800) 0.334%* (0.051) —0.189 (0.529)

FD 0.141 (0.696) 0.123 (0.701) 0.621* (0.096)

GT 1.262*** (< 0.001) 1.278*** (< 0.001) 1.012*** (< 0.001)
Short run

AIQ —0.089 (0.812) —0.005 (0.986) 0.164 (0.544)

AFD negative®*** (0.006) negative®*** (0.005) negative®*** (< 0.001)
AGT —0.272%** (0.004) —0.272*%** (< 0.001) —0.195** (0.049)
Hausman test, y? (p-value)

MG vs PMG 0.08 (0.934)

PMG vs DFE 0.35 (0.950)
Observations 133 133 133

Note: p-values in parentheses. MG = mean group; PMG = pooled mean group; DFE = dynamic fixed
effects. Hausman null hypothesis: no systematic difference in the long-run coefficients. *** p < 0.01;
** p <0.05; * p<0.10. * Only the sign and significance of this coefficient are reported. Source: author’s
estimation (2022).

Environmental technology (GT) shows the strongest and most consistent
relationship with green growth. Its long-run coefficient is positive and significant
under all three estimators, ranging from 1.012 to 1.278. The PMG estimate indicates
that a one unit increase in GT is associated with a 1.278 unit increase in GG in the
long run. This finding is consistent with Danish and Ulucak (2020), who report a
positive relationship between environmental technology and green growth in BRICS
economies. However, the short-run coefficient is negative and significant (—0.272),
suggesting that the benefits of environmental technology may take time to emerge.
Investment in new technologies, equipment, and worker training can involve initial
costs before improvements in resource efficiency become apparent (Jaffe et al., 2002).
The findings also highlight the importance of technological context, as Mensah et al.
(2019) show that the effects of different environmental technologies on green growth
vary across OECD countries.

The relationship between institutional quality (IQ) and green growth is less
conclusive in the linear model. The PMG coefficient is positive (0.334) but only
marginally significant at the 10% level (p = 0.051), while the MG and DFE estimates
are insignificant. None of the estimators identifies a significant short-run effect. This
pattern is consistent with the view that institutions influence environmental and
economic outcomes through gradual changes in policy implementation and
enforcement (Acemoglu et al., 2005). The positive long-run relationship also accords
with Stoever (2012), who links institutional quality to sustainability measured by
adjusted net savings, and Salman et al. (2019), who examine its relationship with
economic growth and carbon emissions in Indonesia, South Korea, and Thailand. The
relatively weak linear estimate suggests that the institutional effect may be more
complex than a single coefficient can capture, an issue examined further through the
nonlinear model.

Financial development (FD) shows no statistically significant long-run
relationship with green growth under MG and PMG, although the DFE estimate is
weakly positive (p = 0.096). In the short run, its coefficient is negative and significant
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under all three estimators. This suggests that financial expansion does not
automatically translate into greener economic activity. Credit may continue to support
established industries and energy-intensive production rather than cleaner investment,
consistent with Sadorsky (2010) and Shahbaz et al. (2016). Zakaria and Bibi (2019)
similarly highlight the role of institutional quality in shaping the environmental
implications of financial development in South Asia. Tamazian and Rao (2010) also
show that the environmental effects of financial development depend on institutional
conditions. These studies help explain why greater financial development may not
improve green growth when credit allocation is not aligned with environmental
priorities. The absence of a significant long-run effect in the PMG model suggests that
financial development alone is insufficient to support green growth in the countries
examined.

Taken together, the linear estimates reveal distinct patterns across the three
explanatory variables: environmental technology has a positive long-run but negative
short-run relationship with green growth, institutional quality has a weak positive
long-run association, and financial development has no significant long-run effect and
anegative short-run relationship. The contribution of this study lies in examining these
factors jointly using a multidimensional green growth index across seven OIC
countries in Asia and Africa. By combining linear and nonlinear panel ARDL models,
the analysis also investigates whether the relationships differ between the short and
long run and between increases and decreases in each factor. This provides a more
detailed account of the dynamics of green growth than studies focused on a single
region, a narrower set of explanatory variables, or linear relationships alone.

Nonlinear Panel ARDL Estimates

The Hausman tests support the PMG estimator for the nonlinear model (MG vs PMG:
p = 0.997; PMG vs DFE: p = 0.989). The results show that green growth relates
differently to changes in institutional quality, financial development, and
environmental technology (Table 5). Institutional quality has a positive and significant
long-run coefficient for both increases (IQ* = 0.919, p < 0.01) and decreases (IQ™ =
0.988, p < 0.01). This suggests that institutional improvements are associated with
higher green growth, while institutional deterioration is associated with lower green
growth. Neither component has a significant short-run effect. These findings are
consistent with Stoever (2012) and Salman et al. (2019), who link institutional quality
to sustainability and environmental outcomes. The nonlinear estimates also show a
stronger long-run relationship than the linear model, although the difference between
the two coefficients has not been formally tested. The similar size of 1Q* and 1Q~
suggests that the uncertainty channel described in Section 2.5 is not strong enough here
to make decline costlier than improvement.

Financial development shows no significant long-run relationship with green
growth when it increases (FD* = —0.371, p = 0.336). By contrast, decreases have a
significant negative coefficient (FD~ = —1.457, p = 0.007). Since FD~ captures
declines, this result indicates that falling financial development is associated with
higher green growth. It does not mean that financial contraction necessarily improves
environmental outcomes. Rather, financial expansion may not be directed towards
green investment. This interpretation is consistent with Tamazian and Rao (2010),
who show that institutional conditions shape the environmental effects of financial
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development, and Zakaria and Bibi (2019), who highlight the role of institutional
quality in the finance environment relationship in South Asia. This fits the credit-
allocation mechanism in Section 2.5.

Table 5. PMG Estimates of the Nonlinear Panel ARDL Model
(Dependent Variable: GG)

Variable Long run Short run

1Q* 0.919%** (< 0.001) —0.203 (0.748)
1Q- 0.988*** (< 0.001) 0.106 (0.821)

FD* —0.371 (0.336) 0.804 (0.363)

FD~ —1.457%%* (0.007) 1.987 (0.237)

GT* —0.410 (0.102) —0.040 (0.555)
GT- 5.654%** (< 0.001) —1.248*** (0.002)
Observations 133

Note: p-values in parentheses. *** p < 0.01. X* and X" are cumulative sums of positive and negative
changes; X~ <0, so a positive coefficient on X means that declines in X go with lower GG. Hausman
tests: MG vs PMG x2 = 0.53 (p = 0.997); PMG vs DFE 2 = 0.92 (p = 0.989). Wald tests of coefficient
equality were not carried out. Source: author’s estimation (2022).

Environmental technology also shows different results for increases and
decreases. The coefficient for increases is negative but insignificant (GT*=-0.410, p
=0.102), while the coefficient for decreases is positive and significant (GT~ = 5.654,
p <0.01). Because GT" captures declines in environmental technology, the positive
coefficient indicates that falling innovation is associated with lower green growth.
Thus, the positive long-run relationship found in the linear model appears to reflect
the consequences of declining innovation rather than a significant effect of increasing
innovation. This finding highlights the importance of maintaining technological
capacity and supports the argument of Jaffe et al. (2002) that innovation requires time
and complementary investment to improve environmental performance. It also fits the
path-dependence mechanism in Section 2.5.

In the short run, only the coefficient for declining environmental technology is
significant (GT = —1.248, p = 0.002). Its negative sign indicates a temporary positive
association between falling innovation and green growth. This differs from the long-
run result and should be interpreted cautiously, particularly because the estimated
long-run coefficient is large relative to the observed range of green growth. Overall,
institutional quality is positively associated with green growth in both directions of
change, while the significant long-run relationships for financial development and
environmental technology are concentrated in periods of decline. A related pattern
was reported by Sohag et al. (2019) for green economic growth in Turkey. This study
extends previous research by examining all three factors within a single framework,
using a multidimensional green growth index for seven OIC countries in Asia and
Africa. It also distinguishes short-run from long-run relationships and separates
increases from decreases in each factor. These features provide a broader account of
green growth dynamics than studies focusing on a single factor or region. However,
because the equality of the positive and negative coefficients was not formally tested,
the results indicate potential asymmetry rather than confirm it. Table 6 summarises
the findings in relation to the research hypotheses.
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Table 6. Summary of Findings and Hypotheses

Hypothesis

Linear ARDL (PMG)

Nonlinear ARDL (PMG)

Decision

H1: Institutional
quality — green
growth (positive,

Long run: 0.334* (p =
0.051); short run: not
significant

1Q*: 0.919***; IQ:
0.988***: short run: not
significant

Supported (marginal
in the linear model,
strong in the

long run) nonlinear model)
H2: Financial
development —

green growth

Long run: 0.123 (n.s.);
short run: negative***

FD*: -0.371 (n.s.); FD:
—1.457%%* (contraction
associated with higher

Not supported

(positive) GG)
H3: Environment-  Long run: 1.278**%*; GT*: —0.410 (n.s.); GT: Supported; the long-
related technology  short run: —0.272%%* 5.654*** (decline run association is

associated with lower
GQ); short run GT:
—1.248%%**

IQ: nearly equal
coefficients; FD and GT:
significant only for
decreases

— green growth driven by declines

(positive, long run)

H4: Different
responses to
increases and
decreases

Not applicable
(symmetry imposed)

Partially supported
(indicative; Wald test
not performed)

Note: *** p<0.01; * p<0.10; n.s. = not significant at the 10% level. X" and X are cumulative increases
and decreases. Because X~ <0, a positive coefficient on X~ means that declines in X are associated with
lower GG, and a negative coefficient means that declines are associated with higher GG. The equality
of the X* and X~ coefficients was not tested with a Wald test. Source: summarised from Tables 4 and 5
(2022).

The nonlinear results provide partial support for H4. Institutional quality shows
similar long-run effects when it rises or falls, with coefficients of 0.919 and 0.988.
This suggests a broadly balanced relationship with green growth. Financial
development and environmental technology show a more distinct pattern, with their
long-run effects mainly linked to changes in the declining direction. This pattern fits
the asymmetric adjustment that the NARDL model is designed to detect (Shin et al.,
2014) and is similar to what Sohag et al. (2019) found for green economic growth in
Turkey. Because a significant and a non-significant coefficient are not necessarily
different from each other (Gelman & Stern, 2006), a Wald test is still needed to
confirm the asymmetry. Even so, the results show where asymmetry is most likely to
appear, namely in how green growth responds when financial development and
environmental innovation decline.

Conclusion

This study examined the relationships between institutional quality, financial
development, environmental technology, and green growth in seven OIC countries
from 2002 to 2020 using linear and nonlinear panel ARDL models. Three findings
emerge. First, institutional quality supports green growth in the long run, with
improvements and declines showing effects of similar magnitude. Second, financial
development has not yet translated into higher green growth, with no significant long-
run effect and a negative short-run relationship. Third, environmental technology has
the strongest long-run relationship with green growth. Its short-run effect is negative,
while declines in environmental innovation are associated with lower green growth in
the long run. These results show that the contribution of institutions, finance, and
technology depends on the time horizon and the direction of change.
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The findings point to three policy priorities. Governments need to maintain
institutional capacity and policy enforcement, particularly during periods of
institutional change. Financial authorities should encourage credit allocation towards
green investment through appropriate lending guidelines. Continued support for
environmental research and innovation is also important, while targeted assistance can
help firms manage the initial costs of adopting new technologies (Campiglio, 2016;
Jaffe et al., 2002). The study provides a basis for further research on green growth in
OIC countries. Future studies can extend the country coverage and observation period,
examine country-specific dynamics in greater detail, and formally test the asymmetric
relationships identified here. Further analysis of different types of environmental
technology and methods that account for cross-country dependence could also provide
deeper insight into the sources of green growth.
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    H 0 :   𝜃  X + =   𝜃  X −   against     H 1 :   𝜃  X + ≠   𝜃  X −                                                                                                                                                    ( 5 )


  H =  (     𝛃 ^  A −     𝛃 ^  B ) ′    [     𝐕 ^  A −     𝐕 ^  B ]  − 1  (     𝛃 ^  A −     𝛃 ^  B )                                                                                                                                            ( 6 )

