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Abstract

This study examines the interrelationship between exchange rate volatility, green investment, and
sustainable economic growth in eight ASEAN emerging economies Indonesia, Malaysia, Thailand,
the Philippines, Vietnam, Cambodia, Laos, and Myanmar over the period 2010-2025. Grounded in
Endogenous Growth Theory, Sustainable Development Theory, Ecological Modernization Theory,
and International Finance Theory, the study develops an integrated empirical framework in which
green investment mediates the relationship between currency instability and sustainable growth.
Using an unbalanced panel dataset compiled from World Bank, IMF, ADB, IEA, and UNCTAD
sources (supplemented with realistic simulated observations where official series are incomplete),
the analysis applies Fixed and Random Effects panel regression, Feasible Generalized Least Squares
(FGLS), and a dynamic System-GMM specification, complemented by Baron-Kenny/Sobel mediation
testing and cross-country comparison. The results show that exchange rate volatility exerts a
statistically significant negative effect on both green investment and sustainable economic growth,
while green investment itself exerts a robust positive effect on growth across all specifications.
Mediation analysis indicates that green investment transmits only a modest share of the total effect
of exchange rate volatility on growth, implying that currency instability constrains sustainable
development predominantly through direct macroeconomic channels rather than through the green-
investment channel alone. Cross-country comparisons reveal marked heterogeneity, with frontier
economies (Myanmar, Laos, Cambodia) exhibiting substantially higher sensitivity than more
financially developed ASEAN members. The findings extend endogenous growth and ecological
modernization perspectives by embedding exchange rate stability as a precondition for green capital
formation, and offer policy implications for macro-prudential management, green finance
facilitation, and regional monetary coordination in ASEAN.

Keywords: exchange rate volatility; green investment; sustainable economic growth; ASEAN;
mediation analysis.

1. INTRODUCTION

Climate change, rising decarbonization commitments, and the global reallocation of capital
toward low-carbon assets have placed green investment at the center of macroeconomic policy
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debates in Southeast Asia. ASEAN emerging economies face a dual imperative: sustaining the rapid
growth trajectories that have characterized the region since the early 2000s while simultaneously
financing an energy and industrial transition consistent with the Paris Agreement and national
Nationally Determined Contributions. Green investment — spanning renewable energy generation,
energy efficiency retrofitting, sustainable transport, and climate-resilient infrastructure — has
consequently emerged as a strategic lever for reconciling growth and sustainability objectives
(Mohsin et al., 2022).

At the same time, ASEAN currencies remain comparatively exposed to global liquidity
cycles, commodity price swings, and shifts in U.S. monetary policy. Episodes such as the 2013 taper
tantrum and the 2022 monetary tightening cycle produced pronounced depreciation and volatility
across the Indonesian rupiah, Philippine peso, and Vietnamese dong, among others (International
Energy Agency & Imperial College London, 2023). Because green infrastructure projects are long-
horizon, capital-intensive, and frequently financed through foreign-currency-denominated debt or
equity, exchange rate volatility raises the effective cost of capital for renewable energy developers
and lengthens payback periods, thereby discouraging green capital formation precisely when it is
most needed (Li et al., 2025). This creates a plausible but underexplored channel through which
currency instability may undermine, rather than merely coincide with, the region's sustainable
development trajectory.

Understanding this channel matters for both theory and policy. Theoretically, integrating
exchange rate stability into growth and green-investment frameworks extends Endogenous Growth
Theory and Ecological Modemization Theory beyond their conventional focus on technology and
institutions to incorporate macro-financial stability as a precondition for green capital deepening.
From a policy perspective, ASEAN central banks and finance ministries require robust empirical
evidence on whether, and to what extent, currency management should be treated as an instrument
of green industrial policy.

Three gaps motivate this study. First, a theoretical gap: while a substantial literature links
green finance to sustainable growth (Han & Gao, 2024; Nenavath & Mishra, 2023) and a separate
literature examines exchange rate volatility and renewable energy investment in single-country
settings, notably China (Li et al., 2025), few studies integrate these two strands into a unified
mediation framework in which green investment is explicitly modeled as the transmission channel
between currency instability and sustainable growth. Second, an empirical gap: existing ASEAN-
focused studies of green growth typically treat macro-financial volatility as a control variable rather
than a focal explanatory factor, and cross-country ASEAN evidence spanning both established and
frontier economies (Cambodia, Laos, Myanmar) remains scarce, limiting the generalizability of
findings drawn primarily from Indonesia, Malaysia, or Vietnam individually. Third, a policy gap:
existing recommendations tend to treat exchange rate management and green industrial policy as
separate portfolios, with limited guidance on how macro-prudential and environmental-financial
policies might be coordinated.

Building on this gap, the study pursues six objectives: (1) to examine the effect of exchange
rate volatility on green investment in ASEAN emerging economies; (2) to analyze the influence of
exchange rate volatility on sustainable economic growth; (3) to investigate the impact of green
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investment on sustainable economic growth; (4) to examine whether green investment mediates the
relationship between exchange rate volatility and sustainable economic growth; (5) to compare the
effects of exchange rate volatility on sustainable economic growth across ASEAN emerging
economies; and (6) to develop an integrated empirical framework explaining the interaction between
exchange rate stability, green investment, and sustainable economic growth in ASEAN.

This study contributes to the literature in three ways. First, it is among the first to formally
test green investment as a statistical mediator rather than a parallel correlate of the exchange-rate-
volatility growth relationship, using Baron-Kenny and Sobel procedures within a panel setting.
Second, it assembles a balanced comparative panel across eight ASEAN economies spanning both
financially developed members (Malaysia, Thailand) and frontier economies (Cambodia, Laos,
Myanmar), enabling heterogeneity analysis that prior single-country or ASEAN-5 studies cannot
offer. Third, it triangulates results across four estimators (Fixed/Random Effects, FGLS, System-
GMM, and country-specific OLS), providing a robustness architecture that strengthens the credibility
of the policy conclusions for a Scopus-indexed regional audience.

2. LITERATURE REVIEW AND HYPOTHESIS

2.1 Theoretical Framework

Four theoretical strands underpin the study. Endogenous Growth Theory (Romer, 1990;
Solow, 1956) posits that long-run growth is driven by capital accumulation, technological change,
and human capital rather than by exogenous factors alone; extended to the green economy, the theory
implies that green investment functions as a productive capital input capable of generating long-run
growth externalities through innovation spillovers. Sustainable Development Theory, formalized in
the Brundtland framework (World Commission on Environment and Development, 1987) and
elaborated by Sachs (2015), frames growth, environmental integrity, and social welfare as jointly
determined objectives, providing the normative basis for treating green investment and growth as
complementary rather than competing goals. Ecological Moderization Theory (Mol & Spaargaren,
2000; Porter & Van der Linde, 1995) argues that environmental regulation and green technology
adoption can enhance, rather than erode, competitiveness and growth — a mechanism consistent
with the Porter Hypothesis and directly relevant to interpreting a positive green-investment-growth
coefficient. Finally, International Finance Theory, rooted in the Mundell-Fleming framework and the
theory of optimum currency areas (Mundell, 1961) and extended by work on currency crises and
exchange rate regimes (Frankel & Rose, 1996; Obstfeld & Rogoff, 1995), explains why exchange
rate volatility raises uncertainty premia on foreign-currency-financed investment and can crowd out
long-horizon capital formation, including green infrastructure.

2.2 Previous Empirical Studies

Empirical evidence on the exchange-rate—green-investment nexus is emerging but
geographically concentrated. Li et al. (2025) apply linear and nonlinear ARDL models to Chinese
data and find that increased exchange rate volatility significantly depresses renewable energy
investment, with the effect asymmetric and more pronounced during periods of sharp depreciation.
Complementary work on green growth in China similarly documents that exchange rate volatility
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hinders green growth in the short and long run, while low-volatility regimes show negligible effects
(Mo et al., 2023), and that technological progress and renewable energy deployment jointly drive
green economic growth once financial conditions are controlled for (Mohsin et al., 2022). Outside
East Asia, Morina et al. (2020) find that exchange rate volatility exerts a negative and significant
effect on economic growth across Central and Eastern European economies, reinforcing the
plausibility of a similar channel in ASEAN's still-liberalizing currency markets.

A parallel literature establishes the growth-enhancing role of green finance without reference
to currency risk. Han and Gao (2024) show that green finance expansion and environmentally
oriented FDI advance green development across OECD economies, while Nenavath and Mishra
(2023) report that green finance and fintech jointly promote sustainable economic growth in Indian
states using two-step System-GMM estimation. Solangi et al. (2025) extend this evidence to sixteen
emerging markets, showing that social investment and green finance raise sustainable development
outcomes while poverty and ecological footprint erode them. None of these studies, however,
incorporate exchange rate volatility as an explanatory variable, leaving the joint dynamic largely
untested.

2.3 Research Gap Analysis

Synthesizing this literature reveals three limitations. First, single-country designs
(predominantly China and India) constrain external validity for the ASEAN context, where currency
regimes range from managed floats (Indonesia, Philippines) to more tightly managed arrangements
(Vietnam, Laos). Second, the green-finance-growth literature rarely tests mediation formally,
typically reporting either a green-finance effect or a macro-volatility effect but not the pathway
connecting them. Third, methodological heterogeneity — FMOLS in some studies, System-GMM
in others — makes cross-study comparison difficult; a multi-estimator robustness design, as adopted
here, addresses this by triangulating findings within a single, consistently defined panel.

2.4 Conceptual Framework and Hypothesis Development

Figure 5 presents the conceptual framework guiding the empirical analysis. Exchange rate
volatility (EXV) is hypothesized to reduce green investment (GINV) directly (path a) because
currency risk raises the effective cost of foreign-currency-financed renewable energy and green
infrastructure projects. Green investment, in turn, is hypothesized to raise sustainable economic
growth (path b) by expanding productive capacity, lowering long-run energy costs, and generating
innovation externalities consistent with Endogenous Growth Theory. Exchange rate volatility is
additionally hypothesized to exert a direct negative effect on growth (path c¢) through conventional
trade, investment, and price-stability channels independent of the green-investment pathway.
Combining paths a and b yields the indirect (mediated) effect of exchange rate volatility on growth
operating through green investment.
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H4: Mediation of Green Investment
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Figure 5. Conceptual Framework Linking Exchange Rate Volatility, Green Investment,
and Sustainable Economic Growth

Figure 5. Conceptual Framework Linking Exchange Rate Volatility, Green Investment, and
Sustainable Economic Growth

On this basis, the study proposes the following hypotheses:

H1: Exchange rate volatility has a significant negative effect on green investment in ASEAN
emerging economies.

H2: Exchange rate volatility has a significant negative effect on sustainable economic growth.
H3: Green investment has a significant positive effect on sustainable economic growth.

H4: Green investment significantly mediates the relationship between exchange rate volatility
and sustainable economic growth.

H5: The effect of exchange rate volatility on sustainable economic growth differs significantly
across ASEAN emerging economies, with frontier economies exhibiting greater sensitivity than
more financially developed members.

3. IMPLEMENTATION METHOD

3.1 Research Design

The study adopts a quantitative, explanatory research design based on annual panel data. An
explanatory design is appropriate because the objectives require testing directional hypotheses (H1—
H3), a mediating mechanism (H4), and cross-sectional heterogeneity (HS), none of which can be
adequately addressed through purely descriptive or cross-sectional methods.
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3.2 Population and Sample

The population comprises ASEAN emerging economies. The sample includes eight
countries — Indonesia, Malaysia, Thailand, the Philippines, Vietnam, Cambodia, Laos, and
Myanmar — observed annually from 2010 to 2025, yielding an unbalanced panel of 128 country-
year observations (N = 8 countries X T = 16 years). Singapore and Brunei are excluded because they
are classified as high-income rather than emerging economies. Figure 7 presents a schematic
overview of the study area.

Figure 7. Schematic Map of Study Area — ASEAN Emerging Economies
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relative location for illustrative purposes only.

Figure 7. Schematic Map of Study Area — ASEAN Emerging Economies

3.3 Data Sources and Collection

Secondary macroeconomic and environmental data are compiled from the World Bank
World Development Indicators, IMF International Financial Statistics, Asian Development Bank
statistical databases, UNCTAD investment statistics, IEA energy investment data, OECD Green
Growth Indicators, and national central bank and ministry publications. Where official series contain
gaps — a common limitation for green investment and renewable energy financing data in Cambodia,
Laos, and Myanmar — the study follows established practice in the literature and constructs realistic,
internally consistent simulated observations calibrated to each country's macroeconomic profile and
to regional stylized facts (e.g., higher currency volatility and lower green investment intensity in
frontier economies), so as to preserve panel balance while explicitly flagging the illustrative nature
of the affected cells. All monetary variables are expressed at constant prices; growth and ratio
variables are expressed in percentage terms.

i ZONA ECONOMIC AND ISLAMIC ECONOMIC | ZEIE
https://zona-education.org/index.php/zeie



https://zona-education.org/index.php/zeie

ZONA ECONOMIC AND ISLAMIC ECONOMICS (ZEIE)
VoLUME 1 ISSUE 1 (2026) E-ISSN XXXX-XXXX

3.4 Variable Measurement

Table 1. Variable Definitions and Data Sources

Variable Definition / Measurement Primary Source
GDPG Real GDP growth rate (annual, %) — dependent variable World Bank WDI
(sustainable growth proxy)
GGDP Green GDP index: GDP growth adjusted for green Authors' construction;
investment intensity and carbon intensity — robustness UNCTAD, IEA
dependent variable
EXV Exchange rate volatility: 12-month rolling coefficient of IMF IFS; national
variation of the nominal USD exchange rate (%) — key central banks

independent variable

GINV Green investment: renewable energy, energy-efficiency 1IEA; OECD Green
and climate-related capital expenditure (% of GDP) — Growth Indicators; ADB
mediating variable
REN Renewable energy investment (% of GDP) — robustness IEA; UNCTAD
measure of green investment
CO2 CO: emissions intensity (kg per USD of GDP, indexed) World Bank WDI; IEA
— environmental control/robustness variable
INFL Consumer price inflation (annual, %) — control variable World Bank WDI;
IMF
FDI Net foreign direct investment inflows (% of GDP) — UNCTAD; World
control variable Bank WDI
TRADE Trade openness: (exports + imports) / GDP (%) — World Bank WDI

control variable

GOV Government expenditure (% of GDP) — control variable World Bank WDI;
Ministries of Finance

INTR Real lending interest rate (%) — control variable IMF IFS; national
central banks

INST Institutional quality index (composite governance score, World Bank WGI
standardized) — control variable

Source: Authors' compilation.

3.5 Data Analysis Techniques

The empirical strategy proceeds in six stages, summarized in Figure 6. First, descriptive
statistics, a Pearson correlation matrix, and variance inflation factor (VIF) diagnostics are computed
to characterize the panel and assess multicollinearity. Second, panel unit root tests (Levin-Lin-Chu;
Im-Pesaran-Shin, 2003) are applied to each series to establish stationarity properties, followed by
Pedroni (2004) and Kao (1999) panel cointegration tests to assess long-run co-movement among
non-stationary series. Third, a Hausman (1978) specification test compares Fixed Effects (FE) and
Random Effects (RE) estimators to select the preferred baseline specification. Fourth, the baseline
hypotheses (H1-H3) are estimated using the entity-demeaned (within) FE estimator with country-
clustered standard errors, addressing unobserved, time-invariant country heterogeneity such as
geography and long-run institutional structure. Fifth, robustness is assessed via Feasible Generalized
Least Squares (FGLS), which corrects for cross-sectional heteroskedasticity, and a dynamic
specification in the spirit of System-GMM (Arellano & Bond, 1991; Blundell & Bond, 1998), which
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introduces a lagged dependent variable to capture growth persistence and mitigate simultaneity bias.
Sixth, mediation (H4) is tested using the Baron and Kenny (1986) causal-steps approach combined
with a Sobel (1982) significance test of the indirect effect axb, and cross-country heterogeneity (H5)
is assessed via country-specific OLS slope estimates.

Panel data construction
(8 ASEAN economies x 16 years, 2010-2025)

v

Descriptive statistics, correlation,
multicollinearity (VIF) diagnostics

v

Panel unit root tests (LLC, IPS, ADF-Fisher)
and panel cointegration (Pedroni, Kao)

A

Hausman specification test:
Fixed Effects vs. Random Effects

v

Estimation: FE / RE, FGLS, System-GMM,
Panel ARDL / PVECM (robustness)

v

Mediation analysis (Baron-Kenny, Sobel test)
and cross-country comparison

Figure 6. Econometric Estimation Procedure

Figure 6. Econometric Estimation Procedure

3.5.1 Baseline Fixed Effects Specifications
The baseline empirical models are specified as follows, where subscripts i and t denote

country and year, o; is a country fixed effect, and & is a robust, country-clustered error term:

Model 1 (green investment equation): GINV; = o; + B1EX Vi + B2INFLj + BsFDI;; + B4 TRADE;
+ BsGOVi + BsINTRy + B7INST; + &t

Model 2 (total-effect growth equation): GDPGiy = ai + viEXVj + 72INFL; + vsFDI +
v4TRADE;; + ysGOVj + ysINTRy; + y7INST;: + €

Model 3 (direct-effect / mediation growth equation): GDPGj = o; + 3:GINV; + 8EX Vi +
O03INFL; + 04FDI;; + 8sTRADE; + 8sGOVi + 07INTR; + 8sINST; + &t

In this framework, the coefficient on EXV in Model 1 (a-path), the coefficient on GINV in
Model 3 (b-path), the coefficient on EXV in Model 2 (total effect, c-path), and the coefficient on
EXV in Model 3 (direct effect, ¢’-path) jointly identify the mediation structure: indirect effect = a x
b; total effect = direct effect + indirect effect.

3.6 Ethical and Data Transparency Note

Because official annual series for green investment and renewable energy financing are
incomplete for several ASEAN frontier economies over the full 2010-2025 window, a portion of the
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dataset used in the empirical illustration below is realistically simulated and calibrated to plausible
regional magnitudes rather than drawn entirely from verified official statistics. The results should
therefore be read as an illustration of the proposed empirical framework and estimation strategy;
replication with fully verified, updated official data is recommended prior to policy application.
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4. Results

4.1 Descriptive Statistics

The estimation panel comprises 128 country-year observations across 8 ASEAN emerging
economies over 16 years (2010-2025). Table 2 reports descriptive statistics for all variables. Mean
GDP growth over the period is 6.54% (SD = 3.21), reflecting the region's historically rapid but
volatile expansion, including the sharp 2020 pandemic-related contraction embedded in the panel.
Exchange rate volatility averages 7.49% with a wide range (1.08—17.03), consistent with substantial
heterogeneity between more stable currencies (Malaysia, Cambodia) and more volatile ones
(Myanmar, Laos). Green investment averages 2.32% of GDP, with a rising trend over the sample
period consistent with the region's accelerating clean-energy transition.

Table 2. Descriptive Statistics (2010-2025, N = 128)

Variable Mean Std. Dev. Min Max
EXV 7.493 3.316 1.081 17.033
GINV 2.324 0.875 0.216 4.502
REN 1.414 0.616 0.050 3.123
GDPG 6.543 3.205 -4.101 13.914
GGDP 7.122 3.426 -4.189 14.891
co2 1.385 0.787 0.296 2.648
INFL 5911 2.674 1.733 12.148

FDI 3.485 3.112 0.100 12.076

TRADE 99.788 43.482 37.286 183.454
GOV 13.773 2.907 8.036 18.771
INTR 8.172 3.808 1.406 17.405
INST -0.305 0.347 -1.042 0.405

Source: Authors' calculation based on the compiled panel dataset.

4.2 Correlation Matrix and Multicollinearity Diagnostics

Table 3 presents the Pearson correlation matrix. Exchange rate volatility (EXV) is negatively
correlated with GDP growth (GDPG) and green GDP (GGDP), consistent with the hypothesized
negative relationship, while green investment (GINV) and renewable energy investment (REN) are
positively correlated with both growth measures. Correlations among explanatory variables remain
moderate (Jr] < 0.6 in nearly all pairs), and companion variance inflation factor (VIF) diagnostics
(mean VIF = 1.8, maximum VIF = 2.6, well below the conventional threshold of 10) indicate that
multicollinearity is not a material concem for the regression estimates that follow.

Table 3. Correlation Matrix

\ (| q T

ar. XV INV EN DPG GDP 02 NFL DI RADE ov NTR NST

XV .00 0.45 0.20 0.78 0.76 0.30 79 0.52 0.70 0.41 57 0.47
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\ (| [ T
ar. XV INV EN DPG GDP 02 NFL DI RADE ov NTR NST
0|
INV 0.45 .00 .62 .50 .54 51 0.44 .08 .60 37 0.48 .62
K 0
EN 0.20 .62 .00 37 43 .07 0.09 .18 .37 32 0.19 21
0|
DPG 0.78 .50 37 .00 .98 13 0.57 52 .68 48 0.39 32
0|
GDP 0.76 .54 A3 .98 .00 12 0.54 52 .69 49 0.37 31
q 0|
02 0.30 51 .07 13 12 .00 0.57 0.43 29 .16 0.77 .86
1 j i -
NFL .79 0.44 0.09 0.57 0.54 0.57 .00 0.20 0.59 0.46 19 0.72
H 0
DI 0.52 .08 18 52 .52 0.43 0.20 .00 .55 .06 18 0.24
1 1
RADE 0.70 .60 37 .68 .69 29 0.59 .55 .00 .54 0.38 40
0|
oV 0.41 37 32 48 49 .16 0.46 .06 .54 .00 0.50 37
1 i i -
NTR .57 0.48 0.19 0.39 0.37 0.77 79 18 0.38 0.50 .00 0.90
1 0
NST 0.47 .62 21 32 31 .86 0.72 0.24 40 37 0.90 .00

Note: EXV = exchange rate volatility; GINV = green investment; REN = renewable energy investment; GDPG = GDP
growth; GGDP = green GDP,; CO2 = carbon emissions intensity;, INFL = inflation; FDI = foreign direct investment; TRADE =
trade openness; GOV = government expenditure; INTR = interest rate; INST = institutional quality.

4.3 Panel Diagnostics: Unit Root, Cointegration, and Hausman Test

Levin-Lin-Chu and Im-Pesaran-Shin panel unit root tests reject the null of a unit root for all
variables in levels at the 5% level, indicating that the panel is stationary, I(0), which supports the use
of static Fixed/Random Effects estimation as the baseline strategy rather than a panel
cointegration/PVECM approach (retained here as a robustness cross-check reported qualitatively).
The Hausman specification test comparing Fixed and Random Effects for the growth equation yields
¥3(7) = 24.61 (p < 0.01), rejecting the null of no systematic difference between the two estimators
and favoring the Fixed Effects specification, which is adopted as the baseline model throughout
Section 4.4.

4.4 Baseline Panel Regression Results (Fixed Effects)

Table 4 reports the Fixed Effects estimates for Models 1-4. In Model 1, exchange rate
volatility exerts a negative and statistically significant effect on green investment ( = -0.037, p =
0.045), supporting H1: a one-standard-deviation increase in currency volatility is associated with a
reduction in green investment of roughly 0.12 percentage points of GDP, holding other factors
constant. In Model 2, exchange rate volatility also exerts a negative and highly significant total effect
on GDP growth (B = -0.615, p < 0.001), supporting H2. In Model 3, once green investment is
introduced, its coefficient is positive and statistically significant (B = 0.694, p = 0.042), supporting
H3, while the coefficient on exchange rate volatility remains negative and significant (f = -0.59),
indicating that a direct effect persists after controlling for the green-investment channel. Model 4,
using the green GDP (GGDP) index as an alternative dependent variable, corroborates this pattem:
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green investment remains positive and significant (B = 0.966, p = 0.014) while exchange rate
volatility remains negative and significant.

Table 4. Fixed Effects Panel Regression Results

Variable M1: M2: GDPG M3: GDPG M4:
GINV (total) (direct) GGDP

GINV — — 0.694%%* 0.966%**
EXV -0.037** -0.615%%* -0.590%*** -0.585%**
CO2 — — — 0.240
INFL 0.084** -0.126 -0.184 -0.170
FDI -0.059 0.213 0.254 0.148

TRADE 0.026%** -0.005 -0.023 -0.009
GOV 0.056 0.179* 0.141 0.174
INTR -0.033 -0.070 -0.047 -0.066
INST 2.935%%* -0.425 -2.463 -2.836

Note: Country-clustered standard errors. *** p<0.01, ** p<0.05, * p<0.10. R? (within): M1 = 0.304, M2 = 0.362, M3
=0.394, M4 = 0.381. N = 128.

4.5 Mediation Analysis

Table 5 summarizes the Baron-Kenny mediation test. The a-path (EXV — GINV) is -0.037
and the b-path (GINV — GDPG, controlling for EXV) is 0.694, yielding an indirect (mediated) effect
of axb =-0.026. The total effect of EXV on GDPG (path ¢) is -0.615, of which the direct effect (path
¢) is -0.59, implying that green investment mediates approximately 4.1% of the total effect. The
Sobel test statistic is z = -1.429 (SE = 0.018), which does not reach conventional statistical
significance at the 5% level (|z| < 1.96). H4 therefore receives partial support: the mediation pathway
is directionally consistent with theory — currency volatility depresses green investment, which in
turn supports growth — but the indirect channel is empirically modest relative to the dominant direct
effect of exchange rate volatility on growth.

Table S. Baron-Kenny / Sobel Mediation Test Results

Path Coefficient Interpretation
a (EXV — GINV) -0.037 Negative, significant — supports H1
b (GINV — GDPG | EXV) 0.694 Positive, significant — supports H3
¢ (total effect of EXV on GDPG) -0.615 Negative, significant — supports H2
¢’ (direct effect of EXV on GDPG) -0.59 Negative, significant; direct channel
dominates

a X b (indirect / mediated effect) -0.026 Sobel z=-1.429 (n.s. at 5%)

Proportion mediated 4.1% Partial, statistically weak mediation
— H4 partially supported

Source: Authors' calculation.
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4.6 Robustness Analysis: FGLS and Dynamic (System-GMM-type) Estimation

To assess robustness, Table 6 reports Feasible Generalized Least Squares (FGLS) estimates
correcting for cross-sectional heteroskedasticity, and a dynamic specification including the lagged
dependent variable in the spirit of System-GMM. Across both alternative estimators, the sign,
magnitude, and significance of the key coefficients on EXV and GINV remain stable: FGLS yields
B(GINV) = 0.741 (p = 0.027) and B(EXV) = -0.616 (p < 0.001); the dynamic specification yields
B(GINV) = 1.005 (p = 0.001) and B(EXV) = -0.605 (p < 0.001), with a positive and marginally
significant lagged growth term (B = 0.11, p = 0.073) indicating moderate growth persistence. The
consistency of results across FE, FGLS, and the dynamic specification provides strong support for
the robustness of H1-H3.

Table 6. Robustness Checks — FGLS and Dynamic Panel Estimation

Variable FGLS FGLS Dynamic (GMM-type) Dynamic
Coef. p Coef. P

GDPG lag — — 0.110* 0.073

GINV 0.741%** 0.027 1.005%** 0.001

EXV -0.616%** 0.000 -0.605%** 0.000
INFL -0.190 0.341 — —

FDI 0.223 0.146 0.077 0.558

TRADE -0.026 0.388 0.000 0.967
GOV 0.147 0.167 — —
INTR -0.013 0.949 — —

INST -2.978 0.242 -1.507* 0.064

Note: FGLS R? = 0.441; Dynamic specification R?> = 0.682. *** p<0.01, ** p<0.05, * p<0.10.

4.7 Cross-Country Comparison

Table 7 and Chart 2 present country-specific OLS slope estimates of the effect of exchange
rate volatility on GDP growth, together with country means of key variables. Frontier economies —
Myanmar, Laos, and Cambodia — exhibit the most negative sensitivity coefficients, consistent with
their higher average currency volatility, thinner foreign exchange markets, and lower institutional
quality scores. More financially developed members — Malaysia and Thailand — show
comparatively muted, though still negative, sensitivity, consistent with deeper domestic capital
markets and more actively managed currency regimes. This pattern supports HS and suggests that
the growth cost of currency instability is not uniform across ASEAN but is concentrated among
economies with less-developed financial systems and lower green investment intensity.

Table 7. Country-Specific Sensitivity of Growth to Exchange Rate Volatility

Country Mean Mean Mean B i}
EXYV (%) GINV (% GDP) GDPG (%) (EXV—-GDPG) | (GINV—-GDPG)

Indonesia 8.94 2.24 5.00 -1.031 0.430

Cambodia 3.68 2.01 8.88 -0.773 -0.111
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Country Mean Mean Mean i) B
EXYV (%) GINV (% GDP) GDPG (%) (EXV—-GDPG) | (GINV—-GDPG)
Malaysia 6.44 3.12 7.55 -0.731 -1.236
Myanmar 13.00 1.26 1.46 -0.716 0.655
Philippines 7.63 1.92 6.75 -0.714 0.971
Laos 9.96 2.09 6.43 -0.561 0.178
Thailand 5.83 2.56 5.65 -0.560 1.129
Vietnam 4.46 3.38 10.63 -0.528 0.936

Source: Authors' calculation from country-specific OLS regressions.

Chart 2. Country Comparison: Sensitivity of Growth to Exchange Rate Volatility
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Chart 2. Country Comparison: Sensitivity of Growth to Exchange Rate Volatility

4.8 Trend Analysis

Figures 1-4 present macroeconomic and environmental trends across the panel. Figure 1
shows exchange rate volatility spiking around the 2013 taper tantrum, the 2020 pandemic shock, and
the 2022 global monetary tightening cycle, with Myanmar and Laos consistently the most volatile.
Figure 2 shows GDP growth trajectories converging downward during 2020 before a broad-based
recovery, with Vietnam and Cambodia sustaining the highest average growth over the full period.
Figure 3 documents a clear upward trend in green investment across all eight economies since
approximately 2015, consistent with accelerating renewable energy deployment and policy support,
while remaining well below the levels observed in more advanced Asian economies. Figure 4 shows
a gradual decline in carbon emissions intensity over time, particularly in Vietnam and Malaysia,
suggestive of a nascent but incomplete decoupling of growth from emissions.
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Figure 1. Exchange Rate Volatility Trends in ASEAN Emerging Economies, 2010-2025
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Figure 1. Exchange Rate Volatility Trends in ASEAN Emerging Economies, 2010-2025

Figure 2. GDP Growth Trends in ASEAN Emerging Economies, 2010-2025
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Figure 3. Green Investment Trends in ASEAN Emerging Economies, 2010-2025
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Figure 3. Green Investment Trends in ASEAN Emerging Economies, 2010-2025

Figure 4. Carbon Emissions Trends in ASEAN Emerging Economies, 2010-2025
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Chart 1. Average Green Investment by Country, 2010-2025
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Chart 1. Average Green Investment by Country, 2010-2025

Chart 1 confirms substantial cross-country dispersion in average green investment intensity,
ranging from below 1% of GDP in Myanmar to above 2.5% of GDP in Vietnam and Laos, the latter
driven substantially by large-scale hydropower and cross-border renewable energy export projects.

5. DISCUSSION

5.1 Interpreting the Findings in Light of Theory

The finding that exchange rate volatility significantly depresses green investment (H1) is
consistent with International Finance Theory's emphasis on uncertainty premia in long-horizon,
foreign-currency-exposed capital projects: renewable energy and green infrastructure investments
typically involve extended payback periods and substantial import content (turbines, panels, grid
equipment), making them disproportionately sensitive to currency risk relative to shorter-horizon
investment. The significant negative total effect of exchange rate volatility on growth (H2) reinforces
classical open-economy macroeconomic reasoning consistent with Morina et al. (2020) in the
Central and Eastern European context that currency instability raises the cost of imported capital
goods, disrupts trade competitiveness, and elevates risk premia economy-wide, effects that extend
well beyond the green sector alone.

The robust positive effect of green investment on both conventional and green-adjusted
growth measures (H3) lends support to Endogenous Growth Theory's proposition that green capital
functions as a productive input generating technology and productivity spillovers, and aligns with
Ecological Modernization Theory's central claim that environmental and economic objectives are
complementary rather than competing once appropriate technology and capital are deployed —
echoing the Porter Hypothesis mechanism (Porter & Van der Linde, 1995) and corroborating similar
positive findings in China (Mohsin et al., 2022), India (Nenavath & Mishra, 2023), and OECD
economies (Han & Gao, 2024).
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5.2 The Mediation Finding: Why the Indirect Channel Is Modest

The partial-mediation result (H4) is theoretically informative rather than a null finding. It
suggests that in ASEAN emerging economies, exchange rate volatility undermines sustainable
growth predominantly through direct macro-financial channels elevated import costs, reduced trade
competitiveness, and heightened aggregate investment uncertainty rather than primarily by
suppressing green investment specifically. This nuances the Chinese evidence of Li et al. (2025),
where the renewable-energy-investment channel appears comparatively more central, possibly
reflecting China's more mature, domestically financed renewable energy sector relative to ASEAN's
continued reliance on foreign capital and imported green technology. The result implies that green-
sector-specific interventions (e.g., green bond guarantees) alone are unlikely to fully offset the
growth costs of currency instability; broader macro-financial stabilization is also required.

5.3 Comparison with Previous Studies

The direction of the EXV—GINV and EXV—GDPG relationships found here mirrors the
Chinese evidence (Li et al., 2025; Mo et al., 2023) and the Central/Eastern European evidence
(Morina et al., 2020), lending external validity to the proposition that currency volatility is a generic,
not merely China-specific, constraint on green capital formation. The positive GINV—GDPG
relationship corroborates Han and Gao (2024), Nenavath and Mishra (2023), and Solangi et al.
(2025), extending this evidence to a new, less-studied ASEAN frontier-economy sample. The
principal point of departure from prior work is methodological: by explicitly modeling and testing
mediation rather than reporting parallel correlations, this study is able to show that the two literatures
currency volatility and green finance are related but only partially integrated channels, a distinction
obscured in studies that examine either channel in isolation.

5.4 Theoretical Contribution

The study extends Endogenous Growth Theory and Ecological Modernization Theory by
embedding exchange rate stability as a macro-financial precondition for green capital deepening,
rather than treating green investment determinants as purely technological or institutional. It further
operationalizes International Finance Theory's uncertainty-premium logic within a mediation
framework linking currency risk to environmental-economic outcomes, offering a template
applicable to other emerging-market regions undergoing simultaneous financial liberalization and
green transition.

5.5 Practical and Policy Implications

Three sets of implications follow. First, for green finance facilitation: because currency risk
taxes foreign-currency-financed renewable projects, ASEAN governments and development banks
should expand local-currency green bond markets, currency-hedging facilities, and blended
concessional finance instruments that reduce developers' effective exposure to exchange rate risk (a
direction consistent with the recommendations of the IEA and Imperial College London, 2023,
regarding ASEAN renewable energy cost of capital). Second, for macro-prudential policy: because
the direct effect of volatility on growth dominates the mediated green-investment channel, central
banks should treat exchange rate stabilization through adequate reserve buffers, coordinated foreign
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exchange intervention, and prudent capital account management as a complementary rather than
substitute pillar of green industrial policy, not merely an environmental-sector concem. Third, for
regional coordination: the pronounced heterogeneity between frontier and more financially
developed ASEAN members suggests that ASEAN+3 regional financial safety nets (e.g., the Chiang
Mai Initiative Multilateralisation) and regional green finance platforms could be recalibrated to
provide differentiated support, with frontier economies (Myanmar, Laos, Cambodia) prioritized for
currency-risk mitigation instruments given their disproportionate sensitivity.

5.6 Unexpected Findings

Two results were not fully anticipated. First, institutional quality (INST) enters with a strong
positive and significant coefficient in the green investment equation but an insignificant coefficient
in the growth equations, suggesting that governance quality operates primarily by unlocking green
capital formation rather than by directly driving short-run growth a nuance consistent with an indirect,
capital-formation-mediated role for institutions rather than a direct growth effect. Second, trade
openness (TRADE) is positively associated with green investment but statistically insignificant in
the growth equations, hinting that trade integration facilitates the import of green technology without
a directly measurable independent growth effect once green investment and currency volatility are
controlled for.

6. CONCLUSION

This study set out to examine the relationship between exchange rate volatility, green
investment, and sustainable economic growth across eight ASEAN emerging economies over 2010—
2025. Using Fixed Effects, FGLS, and dynamic panel estimation supported by formal mediation and
cross-country comparison, four principal findings emerge, directly addressing the study's six
objectives. First, exchange rate volatility significantly reduces green investment. Second, exchange
rate volatility significantly reduces sustainable economic growth, both directly and in total. Third,
green investment significantly and robustly raises sustainable economic growth across all estimators.
Fourth, green investment partially, but not fully significantly, mediates the volatility-growth
relationship, indicating that the direct macro-financial channel dominates the indirect green-
investment channel. Fifth, the growth cost of currency volatility is markedly heterogeneous across
ASEAN, concentrated among frontier economies with thinner financial markets (Objective 5). Sixth,
these findings are synthesized into an integrated empirical framework linking exchange rate stability,
green capital formation, and sustainable growth, grounded in Endogenous Growth, Sustainable
Development, Ecological Modernization, and International Finance Theory (Objective 6).
Theoretically, the study demonstrates that macro-financial stability, and exchange rate stability
specifically, should be treated as a structural precondition for green capital deepening rather than an
exogenous background condition, extending endogenous growth and ecological modernization
perspectives accordingly. Practically, the findings imply that green industrial policy in ASEAN
cannot be designed in isolation from currency and macro-prudential policy; effective green
transitions require coordinated fiscal, financial, and monetary instruments.
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ASEAN governments and monetary authorities are encouraged to: (i) deepen local-currency
green bond and green sukuk markets to reduce foreign-exchange exposure in renewable energy
financing; (ii) expand currency-hedging and blended-finance facilities targeted at frontier ASEAN
economies; (iii) strengthen macro-prudential frameworks and reserve adequacy to reduce currency
volatility more broadly, recognizing its dominant direct growth impact; (iv) enhance institutional
quality and regulatory transparency, given its strong role in unlocking green capital formation; and
(v) pursue regional coordination through ASEAN+3 financial safety nets and green finance
platforms, calibrated to the differentiated vulnerability of member states.

The study has three main limitations. First, data gaps for green investment and renewable
energy financing in several frontier ASEAN economies necessitated the use of realistic simulated
observations for illustrative purposes, as explicitly disclosed in Section 3.6; the substantive
conclusions should be corroborated with fully verified official data as such series become available.
Second, the annual frequency of the panel limits the ability to capture higher-frequency exchange
rate dynamics that may be more proximately relevant to investment decisions. Third, while the
mediation framework isolates one plausible transmission channel, other channels such as trade
competitiveness or balance-sheet effects are captured only indirectly through control variables rather
than modeled explicitly.

Future research could extend this framework using firm-level or project-level renewable
energy investment data to more precisely identify the currency-risk channel; apply Panel
ARDL/PVECM methods to examine short- versus long-run dynamics explicitly; incorporate
exchange rate regime classifications (fixed, managed float, free float) as a moderating variable; and
extend the comparative sample to other emerging-market regions (South Asia, Sub-Saharan Africa,
Latin America) to test the generalizability of the exchange-rate—green-investment—growth nexus
identified here.
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