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A B S T R A C T

Southeast Asian economies are richly endowed with natural resources, yet the link between resource abundance 
and financial development remains complex and contested. This study explores the heterogeneous impact of 
different types of natural resource rents on financial development across five Southeast Asian countries, 
Indonesia, Malaysia, the Philippines, Thailand, and Vietnam, over the period 1995 to 2021. Using a multi- 
method empirical strategy that integrates Stochastic Frontier Analysis (SFA), threshold regression, and 
quantile-based techniques, the analysis captures nonlinearities, distributional shifts, and institutional moderating 
effects within the resource-finance nexus. The results reveal that forest rents exert a positive and statistically 
significant effect on financial development, particularly at the median quantile and in economies with higher 
renewable energy adoption. In contrast, mineral and natural gas rents are negatively associated with credit 
expansion, especially in countries with weaker financial systems, suggesting the presence of a financial resource 
curse. Institutional quality and renewable energy consumption play crucial moderating roles by attenuating the 
adverse effects of rent dependency while enhancing financial sector efficiency. Efficiency estimates highlight 
Indonesia and the Philippines as regional frontrunners in transforming resource wealth into productive credit 
allocation. The study recommends integrating forest rents into green finance frameworks, strengthening 
governance mechanisms, and designing resource-sensitive financial deepening strategies. Overall, the findings 
offer timely insights to inform policy frameworks aligned with Sustainable Development Goals 8 and 9.

1. Introduction

Over the past several decades, policymakers and scholars have 
grappled with a persistent paradox confronting resource-rich econo
mies: how to leverage natural resource wealth for sustained economic 
growth while safeguarding environmental and financial sustainability. 
This challenge is central to what is often termed the “resource curse”, 
wherein the abundance of natural resources such as oil, minerals, and 
timber paradoxically correlate with economic volatility, institutional 
degradation, and underperformance in long-term development metrics 
[1,2]. Despite their potential to catalyze growth, natural resources 
frequently engender fiscal instability, corruption, and rent-seeking 

behaviors, which hinder broader financial development [3].1

Addressing this paradox requires an economic restructuring away 
from overdependence on resource rents toward diversified and sus
tainable economic models. Such models hinge on innovation, inclusive 
governance, and resilient institutions capable of channeling natural 
resource rents into long-term financial development and environmental 
stewardship [4]. Consequently, financial systems become both benefi
ciaries and enablers of sustainable development, facilitating credit 
allocation, resource mobilization, and productive investment.

Extensive literature has explored the economic implications of nat
ural resource abundance, focusing primarily on its impact on growth and 
governance [5–7]. However, a growing body of research has shifted the 
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analytical lens toward the implications for financial development, a 
crucial intermediary in the development process [8]. The financial 
resource curse (FRC) hypothesis posits that resource-dependent econo
mies often experience sluggish financial sector growth due to institu
tional inefficiencies, policy inertia, and volatility in resource rents [9,
10].

The FRC hypothesis further suggests that natural resource rents may 
distort financial systems through crowding out productive investment, 
dampening credit intermediation, and promoting unproductive lending 
patterns [11]. While natural resource revenues increase liquidity, the 
absence of robust legal frameworks and governance mechanisms often 
prevents this capital from being efficiently deployed in the financial 
sector. In many resource-rich economies, weak integration of financial 
services with the real economy impairs inclusive development [12]. 
Conversely, when aligned with sound governance and institutional 
quality, natural resource rents can serve as catalysts for financial sector 
development [13].

Moreover, many studies overlook the heterogeneity in resource rent 
types and their conversion efficiency across countries [14]. Traditional 
empirical models tend to aggregate natural resource rents without 
evaluating the distinct effects of mineral, forest, or oil rents, or ac
counting for conversion inefficiencies in resource utilization [15]. This 
is a significant oversight, as the manner in which resource rents are 
transformed into financial capital is central to understanding both the 
opportunities and limitations of resource-driven development [16].

In light of these gaps, this study explores the heterogeneous impact of 
different types of natural resource rents (such as mineral, forest, and 
natural gas rents) on financial development across five Southeast Asian 
countries—Indonesia, Malaysia, the Philippines, Thailand, and Vietnam. 
Going beyond the conventional use of credit-to-GDP ratios, we incor
porate institutional quality and renewable energy adoption as critical 
moderators that condition this resource–finance linkage. Drawing 
inspiration from foundational work on the resource curse [17], financial 
development [18], and rent–institutions interactions [19], our study 
integrates threshold regression, quantile analysis, and stochastic frontier 
methods to better account for heterogeneity and inefficiency in rent 
conversion. Specifically, we seek to answer: (1) How do different natural 
resource rents affect financial development across varying quantiles of 
credit-to-GDP? (2) To what extent do institutional quality and renew
able energy transition moderate these effects? (3) Which Southeast 
Asian countries exhibit greater efficiency in transforming resource rents 
into credit expansion? These questions allow us to probe the financial 
resource curse hypothesis in a more differentiated and policy-relevant 
way. Hence, the research hypothesis on FRC is that natural resources 
do not promote financial development.

The focus on Southeast Asia’s emerging economies, particularly 
ASEAN member states offers a compelling empirical setting for this 
investigation. ASEAN, comprising ten resource-rich nations, accounts 
for substantial global production of crude rubber, tin, petroleum, and 
natural gas. Despite robust macroeconomic performance and a collec
tive GDP exceeding USD 2.6 trillion [4], many ASEAN countries 
continue to face difficulties integrating resource wealth with sustainable 
financial sector growth [1,2]. This makes the region a pertinent case for 
assessing the FRC hypothesis in resource-rich yet financially heteroge
neous contexts, especially given sparse literature on the subject focusing 
on ASEAN countries.

The methodological innovation of this study lies in its combined use 
of Stochastic Frontier Analysis (SFA), threshold regression, and quantile 
regression approaches. These techniques enable the analysis to capture 
inefficiencies in resource conversion, model non-linearities, and assess 
conditional effects based on governance and environmental factors [20,
21]. While Ordinary Least Squares (OLS) models assume homogeneity in 
responses and are sensitive to distributional assumptions, the proposed 
multi-method framework offers a more robust estimation strategy [22]. 
Further, the use of explainable tools such as plots allows for the inter
pretation of individual-level contributions to model predictions [23], 

thereby enhancing the practical relevance of the findings for 
policymakers.

The contribution of this study is threefold. First, it extends the 
literature by incorporating previously underexplored resource rent types 
into financial development models. Second, it highlights the moderating 
role of governance and green transition in shaping the efficiency of rent- 
to-finance conversion. It is important to clarify that moderating vari
ables are policy variables in interactive regressions because they artic
ulate what levels of the moderating or policy variables are needed to 
influence how the channels or mechanisms affect the outcome variables 
[24,25]. Hence, employing renewable energy adoption as a policy var
iable has direct policy relevance on renewable energy deployment. 
Third, it introduces methodological rigor through advanced economet
ric and machine learning techniques to provide more nuanced insights 
into the FRC hypothesis.

This research addresses critical gaps in understanding the financial 
development implications of natural resource dependency, with a focus 
on the ASEAN bloc. By identifying the conditions under which resource 
rents contribute positively to financial development, the findings aim to 
guide policymakers in resource-rich economies toward more effective, 
inclusive, and environmentally aligned economic strategies.

The remainder of this paper is organized as follows. Section 2 re
views the literature on the relationship between natural resource rents 
and financial development. Section 3 details the methodology and 
model specification. Section 4 presents the empirical findings and dis
cusses their implications. Section 5 concludes with key recommenda
tions for policy and future research.

2. Literature review

2.1. Theoretical foundations

The paradoxical relationship between natural resource abundance 
and long-term economic development has given rise to what is widely 
known in development economics as the “resource curse” or the 
“paradox of plenty.” Conventional economic theory posits that countries 
endowed with abundant natural resources possess a form of natural 
capital that can be strategically transformed into other forms of pro
ductive capital, such as infrastructure, education, and technological 
advancement. The expected outcome, based on neoclassical growth 
theory, is enhanced welfare through increased consumption and in
vestment [26]. However, decades of empirical research have docu
mented a contrary pattern: resource-rich countries often exhibit slower 
economic growth, weaker institutions, higher inequality, and greater 
macroeconomic volatility than their resource-poor counterparts 
[27–29].

2.1.1. Theories of the resource curse
Several theoretical frameworks have been developed to explain this 

paradox. The earliest explanation stems from the “Dutch Disease” hy
pothesis. This theory describes how a boom in natural resource exports 
can lead to an appreciation of the real exchange rate, thereby under
mining the competitiveness of the non-resource tradable sectors such as 
manufacturing and agriculture. This structural shift can induce dein
dustrialization and increased dependence on volatile resource revenues, 
rendering the broader economy vulnerable when commodity prices fall 
[28,29].

Another significant theoretical strand emphasizes macroeconomic 
volatility. Natural resources, particularly oil and minerals, are subject to 
substantial price fluctuations in global markets. This revenue instability 
complicates fiscal planning, induces procyclical spending behaviors, and 
exacerbates debt cycles [28]. Such volatility can hinder both short- and 
long-term investment in human capital and public infrastructure, 
impeding sustainable development.

Beyond macroeconomic explanations, a more institutionally groun
ded perspective has emerged. The institutional quality hypothesis posits 
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that the presence or absence of effective governance mediates the rela
tionship between resource wealth and development outcomes. In weak 
institutional environments, resource windfalls can fuel rent-seeking, 
corruption, elite capture, and conflict over control of rents [12,30]. 
Conversely, in countries with robust institutions, characterized by 
transparency, rule of law, and democratic accountability, natural re
sources can be leveraged for inclusive growth. Case studies of Botswana, 
Chile, and Norway exemplify how institutional strength can mitigate or 
even reverse the resource curse, transforming resource wealth into a 
foundation for economic resilience and diversification [29,31].

A growing body of literature has also questioned the statistical 
robustness of the resource curse hypothesis itself. Scholars such as [32,
33] argue that earlier studies suffered from endogeneity and omitted 
variable biases, particularly by failing to account for the role of in
stitutions as both cause and consequence of natural resource manage
ment. As a result, more recent models integrate political economy and 
historical-institutionalist perspectives to capture the dynamic in
teractions between natural resources, state capacity, and development 
trajectories [34,35]. Thus, theoretical critiques of the resource curse 
have evolved into a more constructive inquiry: under what conditions 
can natural resources be a catalyst for development? Recent scholarship 
underscores the need to examine the complex interdependencies be
tween resource wealth, institutional quality, financial systems, and 
structural transformation [36]. Rather than framing the issue in binary 
terms, curse versus blessing, the focus has shifted toward identifying the 
institutional and policy configurations that enable countries to escape 
the trap of rentierism2 and to pursue inclusive and diversified devel
opment paths [38,39]. This study draws from these theoretical insights 
to investigate how resource rents shape macroeconomic trajectories, 
particularly through the lens of financial sector responsiveness and 
institutional governance.

2.1.2. Financial sector development and sensitivity to resource flows
A less explored but increasingly important dimension of the resource 

curse relates to the development and behavior of the financial sector in 
resource-rich economies. Theoretically, the financial sector plays a 
pivotal role in capital allocation, risk management, and long-run eco
nomic growth. However, natural resource windfalls can distort financial 
intermediation through several mechanisms [40]. First, large and vol
atile resource revenues may induce governments to engage in off-budget 
spending or overreliance on sovereign wealth funds, thereby bypassing 
domestic capital markets and reducing the demand for financial sector 
development [41]. Second, resource abundance often reduces the in
centives for governments to establish efficient tax systems and fiscal 
institutions, which are crucial for fostering broader financial inclusion 
and stability [42]. This “fiscal laziness” weakens the social contract and 
may erode the foundations of modern financial institutions [43].

Further, the financial sector in resource-rich countries may become 
overly exposed to commodity price cycles, leading to procyclicality in 
credit flows, asset prices, and exchange rate movements.3 In the pres
ence of underdeveloped regulatory frameworks, such cycles can 
contribute to financial fragility and crisis-proneness [44]. Nevertheless, 
some studies suggest that resource rents can positively affect financial 
development when properly harnessed [45]. Resource revenues can 
provide governments with the fiscal space to invest in financial infra
structure, expand access to credit, and support financial deepening. The 
experience of countries like Malaysia and Chile illustrates how 
resource-based wealth can be leveraged to foster robust banking systems 

and capital markets when accompanied by sound macroeconomic and 
institutional governance [46,47].

Thus, the relationship between natural resources and financial sector 
development is not deterministic but conditional, shaped by political, 
institutional, and macroeconomic variables. Integrating financial 
development into the broader discussion of the resource curse allows for 
a more nuanced understanding of how resource rents interact with state 
structures, investment patterns, and long-run growth dynamics.

2.1.3. Threshold effects and conditional resource-finance linkages
While the bulk of resource curse theories posit linear effects of rents 

on growth or institutional degradation, recent advancements underscore 
that such relationships are often nonlinear and conditional. The 
Threshold Hypothesis, originally formalized by Ref. [48], suggests that 
the influence of an explanatory variable (such as natural resource rents) 
on an outcome (like financial development) may depend on whether a 
third variable—like institutional quality—crosses a critical value. This 
approach aligns with theories of “institutional tipping points,” wherein 
governance systems must surpass a certain threshold to effectively 
absorb resource shocks and channel rents into productive financial ac
tivity [19].

In the context of Southeast Asia, the role of renewable energy 
adoption and institutional capacity becomes especially pertinent. These 
dimensions not only mitigate environmental degradation but also serve 
as threshold-enablers that enhance rent transformation efficiency. This 
paper, to the best of knowledge, is among the first to formally test these 
threshold effects in a financial development setting, thus extending the 
theoretical frontier from “resource curse or blessing” to “resource 
conditionality under threshold regimes.” Moreover, integrating 
threshold logic into financial sector analysis allows us to identify 
whether policy efforts should target financial systems broadly or prior
itize context-specific enablers like regulatory stringency or green tran
sition readiness.

2.2. Empirical review

2.2.1. Resource rents, institutional quality, and the green transition
The relationship between natural resource rents, financial develop

ment, institutional quality, and the green transition has gained signifi
cant empirical attention in recent decades. As the world increasingly 
turns towards renewable energy and environmentally sustainable 
models of development, understanding how traditional forms of wealth, 
especially from extractive sectors, interact with finance and governance 
becomes imperative. This empirical review synthesizes existing evi
dence on three major themes: (1) resource rents and financial devel
opment, (2) the mediating role of institutional quality, and (3) the 
evolving role of green transition and renewable energy in shaping the 
value of resource wealth.

2.2.1.1. Resource rents and financial sector development. The link be
tween natural resource rents and financial development has yielded 
mixed findings in empirical literature [49]. While resource endowments 
can potentially catalyze investment and economic growth, numerous 
studies suggest that without effective financial intermediation, these 
windfalls may generate rent-seeking behavior and macroeconomic 
instability [50]. Notably, the focus of much of this literature has been on 
oil and gas rents [52], with forest and mineral rents receiving limited 
empirical scrutiny.

[12] examine the moderating effects of governance and infrastruc
ture on the relationship between natural resource rents and economic 
growth, based on a sample of 110 countries from 2000 to 2018. The 
empirical basis consists of panel smooth transition regressions (PSTR). 
The relationship between economic growth and natural resources is not 
straightforward; its underlying non-linearity depends on the current 
levels of infrastructure and governance. In countries where governance 

2 Rentierism is an economic system where a significant portion of income is 
derived from ownership of assets, rather than from productive activity like 
creating goods or services [37].

3 Procyclicality is the tendency of economic or financial variables to move in 
the same direction as the business cycle, amplifying economic fluctuations 
rather than moderating them [91].
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and infrastructure development are at extremely low levels, evidence of 
a “natural resource curse” is evident. The positive impact of natural 
resources on economic growth necessitates governance thresholds. The 
nations listed below the set thresholds are primarily from Africa.

[53] show that resource windfalls could bolster banking sector 
development and stock market performance, but only in environments 
characterized by sound institutional governance and contract enforce
ment. In countries lacking robust institutions, resource rents were more 
likely to entrench the financial resource curse, marked by inefficiencies, 
under-regulated financial growth, and corruption. This highlights the 
need to distinguish between types of rents: while oil and gas dominate, 
the underexplored forest and mineral rents may yield unique financial 
patterns due to their distinct governance and extraction characteristics.

Moreover, empirical analyses suggest that natural resource depen
dence can distort credit allocation. Resource booms often lead to pro- 
cyclical credit expansion, which increases systemic risk in the finan
cial sector. The lack of diversification due to over-reliance on extractive 
industries further compounds the fragility of banking systems, especially 
in developing economies [54].

Despite these insights, the literature remains sparse on how forest 
and mineral rents, especially in biodiversity-rich regions like Southeast 
Asian countries, translate into financial intermediation outcomes. Given 
the socio-environmental externalities and the potential for green finance 
integration, this remains a critical gap.

2.2.1.2. Institutional quality, governance, and financial stability. Institu
tional quality plays a vital moderating role in determining whether 
resource abundance yields positive developmental outcomes or perpet
uates the resource curse. Several empirical studies have shown that 
countries with strong governance frameworks are better positioned to 
translate resource revenues into inclusive and sustainable financial 
development [55]. [56] examined cross-country panel data and found 
that resource wealth is more likely to increase corruption in countries 
with authoritarian regimes or poor governance histories. Conversely, 
democracies or nations with strong institutional checks and balances 
showed a weaker link between resource rents and rent-seeking behav
iors. [57] provided further insight into how oil price shocks influenced 
growth in resource-dependent economies. He found that shocks had 
significant negative impacts only in countries with low governance 
quality, suggesting that institutional resilience is key to buffering mac
roeconomic volatility stemming from commodity cycles.

A panel study across African countries (1996–2018) employed 
quantile regression to analyze the effects of institutional components 
such as regulatory quality, political stability, and rule of law on financial 
development. Results indicated that institutions matter more in coun
tries that already exhibit higher levels of financial maturity. This un
derscores the compounding benefits of institutional strength, which 
reinforces financial infrastructure, credit security, and investment cli
mates [58].

The Middle East and North Africa (MENA) region provides another 
compelling case. According to empirical findings by Ref. [59], robust 
institutional structures significantly bolster banking resilience in 
resource-dependent economies. Regulatory enforcement, transparency, 
and accountability were found to mitigate the risks of credit bubbles and 
sectoral misallocation of resource wealth. [60] show that control of 
corruption, an important institutional quality indicator, moderates the 
unfavorable effects of illicit financial flows. Similarly [61,62], both 
noted that corruption imposes indirect costs on growth through its 
negative effect on public investment and human capital accumulation.

Therefore, institutional quality not only determines how resource 
rents impact growth but also critically shapes the structure, depth, and 
stability of financial systems. This offers an important policy implica
tion: reforms that enhance governance quality, judicial independence, 
and policy consistency are necessary to leverage resource wealth 
effectively.

2.2.1.3. Renewable energy, green transition, and resource rent utilization.
With global momentum towards decarbonization and sustainable 
development, a key empirical question is how the rise of renewable 
energy alters the value and impact of traditional resource rents. The 
literature on the intersection of green transition and resource economics 
is growing but remains relatively limited.

A recent study on South Africa by Ref. [63] used ARDL and quantile 
ARDL models to examine the long-run effects of renewable energy 
consumption and resource rents on environmental sustainability, 
measured by CO2 emissions and the ecological footprint. The findings 
revealed that while renewable energy consumption significantly 
enhanced environmental sustainability, resource rents exerted only a 
weak and sometimes negative impact. This suggests that transitioning to 
renewables offers better developmental and environmental returns 
compared to dependence on extractive rents.

Another study by Ref. [64] builds on the premise higher wealth 
disparity is associated with reduced carbon dioxide (CO2) emissions in 
low- and middle-income nations. The study examines the relationship 
between rising inequality and renewable energy consumption using a 
sample of 39 lower- and middle-income sub-Saharan nations. Quadratic 
Tobit regressions serve as the foundation for the empirical data. Given 
that only one of the three income inequality factors employed in the 
study shows a net positive influence, the explored assumption is only 
partially valid. Policy makers should maintain the Atkinson index below 
a threshold of 0.6180 in order to achieve equitable redistribution of 
income and, consequently, to discourage measures that favor income 
disparity for renewable energy usage.

In forest-rich economies, the opportunity exists to reframe forest 
resource rents through the lens of ecosystem services, carbon markets, 
and biodiversity credits. These mechanisms could alter the structure of 
financial incentives and create new avenues for green finance and 
environmental fiscal reforms. However, empirical studies quantifying 
these transitions remain scarce.

The link between resource rents and green finance instruments such 
as green bonds, carbon pricing, and sustainable investment indices has 
yet to be empirically established at scale. In the context of the climate 
crisis, this remains a pressing research priority.

2.3. Research gaps

Empirical literature strongly supports the proposition that resource 
rents can stimulate financial development, particularly credit growth 
[45]. However, the extent and direction of these effects are highly 
contingent on institutional quality. Effective governance, policy stabil
ity, and corruption control are indispensable for ensuring that resource 
revenues strengthen rather than destabilize financial systems. At the 
same time, renewable energy adoption appears to offer more sustainable 
and environmentally beneficial returns than traditional resource 
exploitation [65]. This shift has implications for the economic utility of 
resource rents and calls for a rethinking of their management and allo
cation, especially in forest- and mineral-rich contexts.

Despite these insights, some research gaps persist. First, the under
representation of forest and mineral rents [66]. Most studies focus on oil 
and gas. The impact of forest and mineral rents on financial develop
ment remains underexplored, particularly in the context of ecosystem 
service valuation and biodiversity financing. Further, institutional 
threshold effects have largely been unexplored [67]. More empirical 
work is needed to identify the precise institutional conditions under 
which resource rents begin to act as a blessing rather than a curse.

In addition, empirical evidence on how renewable energy transitions 
reshape the value and use of traditional resource rents is limited. This is 
especially pertinent as countries adopt net-zero targets and climate- 
aligned fiscal strategies. Research is needed to understand how green 
financial instruments interact with resource rent utilization and influ
ence long-term sustainability outcomes.

While empirical studies on the natural resource-financial 
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development nexus are abundant, we observe they are heavily concen
trated on conventional econometric frameworks such as Ordinary Least 
Squares (OLS), Fixed Effects (FE), Random Effects (RE), and Generalized 
Method of Moments (GMM) and ARDL. This methodological concen
tration presents a gap in the literature: current models often assume 
uniform relationships across countries and time, potentially obscuring 
critical heterogeneity in the resource–finance–energy nexus. These ap
proaches, although robust for certain inferential purposes, may inade
quately capture structural heterogeneity, non-linear effects, and 
efficiency differentials across economies.

Very few studies have employed Stochastic Frontier Analysis (SFA) 
to measure efficiency in resource rent utilization [22,23]. There are also 
few studies that have employed threshold regression models to detect 
institutional tipping points, or quantile regression techniques to uncover 
heterogeneous effects across different levels in the resource-finance 
nexus. Even fewer studies have considered these methods in the 
context of Southeast Asian countries. Therefore, addressing these gaps 
with multi-country data from resource-rich contexts will provide a more 
holistic understanding of how natural capital, institutional ecosystems, 
and renewable transitions converge to shape the developmental trajec
tory of resource-rich nations.

To visually probe the relationship between natural resource rents 
and financial development across countries, Fig. 1 plots domestic credit 
(lgdc) against total rent as a share of GDP. The observed nonlinear and 
country-variant patterns motivate the use of flexible modelling strate
gies, including stochastic frontiers and threshold regressions.

2.4. Data and variable construction

This study utilizes an unbalanced panel dataset comprising five 
Southeast Asian economies—Indonesia, Malaysia, the Philippines, 
Thailand, and Vietnam—spanning the period from 1995 to 2021. The 
dataset is compiled from authoritative global sources, including the 
World Bank’s World Development Indicators (WDI), and Worldwide 
Governance Indicators (WGI), among others (see Table 1). All variables 
are annual in frequency and were transformed into logarithmic form, 
where appropriate, to stabilize variance and ensure linear comparability 
in elasticities. To maintain consistency across models and facilitate 
interpretation, monetary variables are expressed in constant US dollars 
and adjusted for purchasing power parity.

The dependent variable is domestic credit to the private sector by 
banks (lgdc), a standard proxy for financial development that reflects 
the capacity of financial institutions to support private sector activity. 
The central explanatory variables are disaggregated natural resource 
rents expressed as a percentage of GDP, namely forest rent (fornt), 
mineral rent (minrnt), natural gas rent (ngrnt), and coal rent (coalrnt). 
These variables capture the sectoral composition of resource wealth and 

its potential heterogeneity in financial outcomes.
To explore the conditional impact of rent on financial development, 

two sets of moderators were introduced. The first involves governance 
quality, captured through government effectiveness (lgge) and institu
tional governance index (lggi), both sourced from the Worldwide 
Governance Indicators database. Since WGI indicators range between 
− 2.5 and + 2.5, a direct logarithmic transformation would yield unde
fined values for negative observations. To ensure variance stabilization 
and comparability with other log-scaled variables, these governance 
indices were first re-scaled to a strictly positive range using a linear shift 
before applying the natural log transformation. This approach preserves 
their relative distribution and interpretability while ensuring mathe
matical validity. The second moderator focuses on the green transition, 
measured by renewable energy consumption (ren), defined as the share 
of renewables in total final energy consumption.

Control variables include per capita income (lgppp) and total GDP 
(lggdp), both in logarithmic form, to account for income effects and 
macroeconomic scale. Foreign direct investment inflows (fdi) as a per
centage of GDP were also included in auxiliary models for robustness 
checks, though not all specifications retained them.

A detailed description of the variables, along with their definitions 
and sources, is provided in Table 1 below:

2.5. Empirical strategy

To rigorously examine the heterogeneous and nonlinear effects of 
natural resource rents on financial development across Southeast Asian 
economies, the study adopts a multi-stage empirical strategy. This pro
gression of methods (see Fig. 2) allows us to sequentially uncover pat
terns, validate econometric assumptions, and estimate nuanced 
relationships that conventional linear regressions might overlook. 
Beginning with descriptive and diagnostic assessments, the analysis 
advances toward more complex econometric models, including sto
chastic frontier analysis, threshold regressions, and quantile regressions. 
Each methodological layer is chosen deliberately to align with the 
study’s core research questions on the conditionality, distributional 
dynamics, and institutional moderators within the resource–finance 
nexus.

2.5.1. Descriptive and diagnostic analysis
The first step in the empirical process involves examining the sta

tistical properties and relationships among the variables through 
descriptive statistics and correlation matrices. This provides an initial 
understanding of the data’s central tendencies, dispersion, and distri
butional characteristics. The descriptive statistics revealed a broad 
variation across the natural rent indicators—forest rent, mineral rent, 

Fig. 1. Is there a Financial Curse? Natural Rent vs. Credit in Southeast Asia 
(1995–2021). Source: Authors’ work.

Table 1 
Description of the variables.

Variables Descriptions Sources

Lgdc Log of Domestic Credit to Private Sector by 
Banks (% of GDP)

World Bank [68]

front Forest Rent (% of GDP) World Bank [68]
Minrnt Mineral Rent (% of GDP) World Bank [68]
Ngrnt Natural Gas Rent (% of GDP) World Bank [68]
Coalrnt Coal Rent (% of GDP) World Bank [68]
Ren Renewable Energy Consumption (% of 

Total Final Energy Consumption)
World Bank [68]

Lgppp Log of GDP per capita (constant 2015 US$) World Bank [68]
Lgge Log of re-scaled Government Effectiveness 

(Index)
Worldwide Governance 
Indicators [69]

Lggdp Log of Gross Domestic Product (constant 
2015 US$)

World Bank [68]

Lggi Log of re-scaled Composite Governance 
Index

Worldwide Governance 
Indicators [69]

Fdi Foreign Direct Investment, net inflows (% 
of GDP)

World Bank [68]

Source: Authors’ work.

A. Yadav et al.                                                                                                                                                                                                                                  Renewable and Sustainable Energy Reviews 228 (2026) 116582 

5 



coal rent, and natural gas rent—highlighting substantial heterogeneity 
across countries and time. Notably, the standard deviations of mineral 
and forest rents are comparatively high, suggesting fluctuations in 
resource dependence across the sample.

The correlation matrix was then constructed to evaluate the pairwise 
associations among all variables. While most correlations were moder
ate and within acceptable thresholds, some notable associations were 
detected. For instance, renewable energy shares exhibited a negative 
correlation with mineral rent and natural gas rent, signaling potential 
structural trade-offs in the resource-energy-finance triad. However, no 
collinearity appeared strong enough to threaten regression reliability.

To further assess the possibility of multicollinearity—a common 
concern in panel regressions—Variance Inflation Factor (VIF) analysis 
was conducted. Together, these preliminary analyses establish a solid 
empirical foundation for the advanced estimation techniques employed 
in the following subsections. They ensure that the model assumptions 
are adequately satisfied and help in identifying patterns that guide the 
choice of more appropriate, nuanced estimation methods.

2.5.2. Stochastic frontier analysis (SFA)
To examine how efficiently Southeast Asian economies transform 

natural resource rents into financial development, this study applies the 
Stochastic Frontier Analysis (SFA) framework. SFA is particularly 
appropriate because it not only captures the average link between 
resource rents and financial development but also measures the effi
ciency of this transformation. Unlike standard regression models, which 
treat all unexplained variation as random, SFA separates the error term 
into two parts—one reflecting random noise and the other representing 
inefficiency.

SFA was preferred over non-parametric approaches such as Data 

Envelopment Analysis (DEA) because it accounts for random shocks and 
allows for formal statistical testing. This makes it more suitable for cross- 
country macro-panel data, where measurement errors and unobserved 
country-specific factors are common [70]. The method aligns closely 
with the study’s central objective: to determine how effectively different 
types of resource rents (forest, mineral, and natural gas) contribute to 
financial development, measured by domestic credit to the private 
sector (% of GDP). By estimating an efficiency frontier, SFA helps 
identify how far each country operates from its potential, providing 
insight into the “financial resource curse” mechanism [71].

We employ two widely accepted SFA models to ensure robustness 
and capture time-varying dynamics: 

(a) Time-Invariant Model

This specification assumes that inefficiency effects are country- 
specific and time-invariant. The model is expressed as: 

lgdcit = β0 + β1forntit + β2minrntit + β3ngrntit + β4coalrntit + β5renit

+ β6lgpppit + β7lggeit + β8lggdpit + vit − ui

(1) 

where, ln (lg dcit) denotes the natural log of domestic credit to the pri
vate sector, vit ∼ N

(
0, σ2

v
)

captures the symmetric random error, ui ∼

N+
(
0, σ2

u
)

captures non-negative inefficiency, βk are parameters to be 
estimated.

This model allows benchmarking of each country’s financial devel
opment performance against the estimated efficient frontier over the full 
period [72] (i.e., Battese & Coelli, 1995). 

Fig. 2. Methodological framework. Source: Authors’ work.
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(b) Time-Varying Inefficiency Model

To account for potential changes in efficiency over time—especially 
relevant for countries undergoing policy reforms or experiencing 
shocks—we implement the [73] (i.e., Kumbhakar et al., 2014) model, 
where inefficiency varies with time: 

lgdcit = β0 + β1forntit + β2minrntit + β3ngrntit + β4coalrntit + β5renit

+ β6lgpppit + β7lggeit + β8lggdpit + vit − uit

(2) 

where, the inefficiency term uit is time-varying, capturing fluctuations in 
efficiency across the years of observation. The model provides richer 
insights into dynamic improvements or deteriorations in financial 
development performance [73,74].

Both models are estimated using Maximum Likelihood Estimation 
(MLE), which ensures asymptotically efficient and unbiased parameter 
estimates. The MLE procedure simultaneously estimates the frontier 
function parameters and the inefficiency distribution, making it suitable 
for small to medium-sized panel datasets such as ours [75]. By 
leveraging both static and dynamic SFA models, we ensure a compre
hensive efficiency assessment, capturing both persistent and evolving 
inefficiency patterns across Southeast Asian economies.

2.5.3. Threshold regression model
To explore potential non-linearities in the relationship between 

natural resource rents and financial development, we employ a 
threshold regression framework. This method allows us to identify 
whether the effects of resource rents vary significantly across different 
regimes of rent intensity, thereby uncovering structural asymmetries in 
the resource-finance nexus. Unlike linear models that impose constant 
marginal effects, threshold regressions permit parameter shifts once a 
specified threshold variable exceeds a certain cut-off value.

In our case, the threshold is constructed based on the median value of 
total natural resource rents (sum of forest, mineral, natural gas, and coal 
rents, expressed as a percentage of GDP). This approach splits the sample 
into “low rent” and “high rent” regimes, facilitating regime-wise coef
ficient estimation. The underlying model takes the following form: 

lgdcit = β0 + β1⋅Xit + β2⋅ HighRent it + εit (3) 

where lg dcit denotes the log of domestic credit to the private sector (as a 
proxy for financial development) for country i in year t,Xit represents a 
vector of explanatory variables including disaggregated resource rents 
and control variables, and HighRent it is a dummy variable that takes 
the value 1 if total rent exceeds the median threshold, and 0 otherwise.

To further enrich the analysis, we incorporate interaction terms 
involving institutional quality (measured by the log of the Worldwide 
Governance Indicator, lggi). This specification tests whether good 
governance can mitigate the adverse effects of high resource rents on 
financial development. The extended model is expressed as: 

lgdcit = β0 + β1 ⋅ Xit + β2 ⋅ HighRent it + β3( HighRent it × lggiit) + εit (4) 

The model is estimated using Ordinary Least Squares (OLS) with 
robust standard errors to account for heteroskedasticity, ensuring the 
reliability of inference. The use of threshold modeling is inspired by the 
seminal work of [48], which formalizes regression models with regime 
shifts, and is well-suited for analyzing non-linearities in cross-country 
resource–finance relationships. Moreover, the interaction term be
tween institutional quality and rent variables aligns with frameworks 
developed by scholars exploring moderation effects in macro-financial 
linkages [76].

In addition, to examine whether renewable energy conditions the 
impact of resource rents on financial development, supplementary 
interaction specifications were estimated of the form: 

lgdc it =α+ β1 fornt it + β2 ren it + β3( fornt it × ren it)+ γZit + μi + εit

(5) 

and analogous terms for other rent types (minrnt × ren, ngrnt × ren). 
Fig. 4 illustrates the marginal effects of forest rent on financial devel
opment derived from this interaction model, evaluated at the mean and 
±1 SD of renewable energy consumption, with the predicted lgdc rising 
from approximately 1.6 to over 3.0 as forest rent increases from 0 % to 8 
% of GDP.

2.5.4. Quantile regression
To account for distributional heterogeneity in the impact of resource 

rents on financial development, we utilize quantile regression (QR). 
Traditional mean regression techniques (e.g., OLS) provide only an 
average estimate of the relationship between variables. However, such 
estimates may obscure important differences across the conditional 
distribution of the dependent variable.

Quantile regression addresses this limitation by estimating separate 
coefficients at different points (quantiles) of the financial development 
distribution. Specifically, we estimate the effects at the 25th (Q1), 50th 
(median), and 75th (Q3) percentiles of lg dcit . This allows us to assess 
whether countries with low, median, or high levels of financial devel
opment are differently affected by natural resource rents.

The QR specification is as follows: 

Qτ(lgdcit|X) = β0τ +
∑K

k=1
βkτXkit (6) 

where Qτ( ⋅) denotes the conditional quantile function at quantile τ, and 
Xkit includes the vector of explanatory variables. Estimates are obtained 
for τ = 0.25,0.50, and 0.75.

To ensure robustness, we employ bootstrapped standard errors with 
1000 replications. This mitigates the impact of outliers and provides 
more reliable inference for quantile-specific estimates. The use of 
quantile regression enhances the granularity of our analysis, revealing 
how the effects of natural resource rents are not uniform but vary 
significantly across different financial development strata.

2.5.5. Robustness and simulation
To validate the stability and robustness of the estimated coefficients, 

the study employs a Monte Carlo Simulation framework grounded in 
lagged fixed-effects dynamic panel models. This approach involves 
generating 1000 resampled models where the lag of the dependent 
variable is included to account for potential state dependence in finan
cial development. The Monte Carlo simulation with 1000 repetitions 
was conducted using a dynamic fixed-effects framework to test the 
robustness of the baseline results. The model incorporated lagged 
financial development to capture persistence and retained country- 

Fig. 3. Partial residual plot for mineral rent. Source: Authors’ work.
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specific fixed effects to control for unobserved heterogeneity. Each 
repetition drew parameter values from the empirical distribution of the 
data, allowing for both serial and cross-sectional dependence. The pro
cedure confirms that the main estimates are stable across repeated 
samples and not sensitive to dynamic feedback or data dependence.

The Monte Carlo simulation serves two primary objectives. First, it 
evaluates the distributional consistency of key coefficient estima
tes—particularly for forest and mineral rents—by analyzing the spread, 
central tendency, and bounds across simulated iterations. Second, it 
helps detect any undue sensitivity to sampling variation or model 
specification, particularly in smaller panels like the one used in this 
Southeast Asian context. As shown in the results section, the coefficients 
of interest (e.g., for forest and mineral rents) display relatively stable 
means and medians across simulations, thereby enhancing confidence in 
the underlying econometric estimates. This method of bootstrapped 
repetition mirrors practices in prior work emphasizing simulation-based 
validation in small-N panel studies [77,78].

3. Empirical Results

3.1. Presentation of results

The descriptive statistics of the study variables in Table 2 offer a 
snapshot of data behavior across the 135 observations drawn from five 
Southeast Asian economies. The dependent variable, financial devel
opment (lgdc), has a mean of 1.788 and a standard deviation of 0.269, 
reflecting moderate variation. Among independent variables, forest rent 
(fornt) and renewable energy consumption (ren) exhibit high dispersion, 
with standard deviations of 1.527 and 15.396, respectively. The distri
bution of institutional quality (lggi) is notably skewed (− 9.666) with 
extremely high kurtosis (105.075), indicating significant outliers and 
non-normality. These patterns underscore the importance of employing 
flexible and robust estimation techniques in the empirical analysis.

To further examine the marginal effect of resource variables on 
financial development, Fig. 3 presents a partial residual plot focused on 
minrnt. The graph reveals a visibly negative slope, suggesting that 
mineral rents may be inversely associated with domestic credit levels 
after controlling for other covariates. While the relationship appears 
consistent, variability across countries remains visible, supporting our 
subsequent model decisions.

Although the governance index (lggi) exhibits extreme skewness 
(− 9.666) and kurtosis (105.075), these arise from the bounded nature of 
the rescaled WGI data and not from measurement errors. Similarly, ren 
and fornt display high variability typical of heterogeneous Southeast 
Asian contexts. Robustness checks using 1–99 percentile winsorization 
and inverse-hyperbolic-sine (IHS) transformations confirmed that the 
main results remain stable, validating the resilience of the models to 
distributional irregularities.

Table 3 presents the Pearson correlation coefficients among the key 
variables used in the analysis. Notably, financial development (lgdc) 
exhibits a strong negative correlation with renewable energy con
sumption (ren) (− 0.665) and mineral rent (minrnt) (− 0.593), while 
showing positive associations with governance indicators (lgge: 0.487; 
lggi: 0.309) and forest rent (fornt: 0.393). Interestingly, total GDP 
(lggdp) is highly correlated with both lgdc (0.741) and ren (− 0.869), 
suggesting potential structural overlaps between development levels 
and resource dependencies. The moderate to high correlations among 
some independent variables warrant multicollinearity diagnostics, 
which are addressed in subsequent sections using VIF analysis.

The strong negative correlation between lgdc and ren (− 0.665) 
should be viewed as descriptive rather than causal. This inverse rela
tionship likely reflects cross-country differences in economic and 
financial maturity, as economies with less developed financial systems 
tend to have higher shares of traditional or biomass-based renewables 
within total energy use. The correlation therefore captures structural 
contrasts in development stages rather than a direct effect of renewable 
energy on finance.

Following the initial exploration of relationships among variables, 
multicollinearity diagnostics were conducted to ensure the reliability of 
regression estimates. As reported in Table 4, the Variance Inflation 
Factor (VIF) values for most explanatory variables fall well below the 
conventional threshold of 10, indicating no serious multicollinearity 
issues. While lggdp exhibits the highest VIF at 8.76, this still remains 
within acceptable bounds for macroeconomic panel data. Variables like 
ren (4.90) and lgge (4.24) also reflect moderate collinearity, yet their 
corresponding 1/VIF values—0.204 and 0.236, respectively—confirm 
that the estimates remain interpretable and statistically stable. Overall, 
these diagnostics validate the suitability of the selected variables for 
subsequent econometric modeling.

The relatively higher VIF values for lggdp (8.76) and ren (4.90) reflect 
the structural overlap between economic scale and energy composition 
rather than problematic multicollinearity, as both remain within 
acceptable diagnostic limits.

Fig. 4. Marginal effect of forest rent on financial development across 
renewable-energy levels. Source: Authors’ work.

Table 2 
Summary statistics of key variables.

Variable Lgppp ren fornt lgge lggi minrnt ngrnt coalrnt lgdc lggdp

Mean 8.784 27.209 1.378 10.908 10.817 0.359 0.962 0.345 1.788 4.021
Standard Error 0.056 1.325 0.131 0.033 0.086 0.045 0.077 0.055 0.023 0.022
Median 8.919 27.800 0.621 10.924 10.894 0.102 0.651 0.063 1.890 4.005
Standard Deviation 0.650 15.396 1.527 0.384 0.997 0.519 0.900 0.638 0.269 0.251
Kurtosis 0.515 − 0.392 6.935 − 0.500 105.075 4.134 0.160 8.897 − 1.383 − 0.960
Skewness − 0.141 0.104 2.341 − 0.551 − 9.666 2.025 1.081 2.781 − 0.351 0.074
Range 4.083 62.900 9.169 1.666 11.503 2.655 3.452 3.716 0.927 1.103
Minimum 7.090 2.000 0.165 9.861 0.000 0.000 0.000 0.000 1.259 3.392
Maximum 11.173 64.900 9.333 11.526 11.503 2.655 3.453 3.716 2.186 4.496
Sum 1185.778 3673.200 186.090 1472.522 1460.230 48.497 129.908 46.565 241.374 542.889
Count 135.000 135.000 135.000 135.000 135.000 135.000 135.000 135.000 135.000 135.000

Source: Authors’ work.
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Table 5 presents a comparative overview of coefficient estimates 
across the Battese-Coelli SFA, Kumbhakar SFA, and Threshold Regres
sion models, thereby capturing both frontier-based efficiency estima
tions and non-linear effects of rent dependence.

In the Battese-Coelli SFA model, fornt exhibits a statistically signif
icant positive association with domestic credit (lgdc), with a coefficient 
of 0.0290 (standard error = 0.0112, p < 0.05). This positive relationship 
strengthens in the Kumbhakar SFA to 0.0338 (0.0106, p < 0.01), sug
gesting that foreign rents may play a supportive role in credit provision. 
On the contrary, minrnt shows a robust and negative influence in both 
models: − 0.1414 (0.0354, p < 0.001) under Battese-Coelli and − 0.1535 
(0.0314, p < 0.001) in the Kumbhakar specification. A similar negative 
pattern is observed for ngrnt, with estimates of − 0.0620 (0.0203, p <
0.01) and − 0.0615 (0.0200, p < 0.01), respectively.

The coefficient on coalrnt is negative in both models but not statis
tically significant: − 0.0353 (0.0270) and − 0.0241 (0.0251). Renewable 
energy consumption (ren) appears insignificant across all specifications, 
while lgppp remains statistically non-influential, indicating limited 
explanatory power of income levels in isolation.

Importantly, lggdp shows a highly significant positive effect in both 
SFA frameworks — 0.7621 (0.1829, p < 0.001) in Battese-Coelli and 
0.6278 (0.1440, p < 0.001) in Kumbhakar — emphasizing the role of 
macroeconomic size in driving credit. In contrast, governance variables 
(lgge and lggi) do not exhibit statistical significance in SFA models but 
gain relevance in the Threshold Regression.

Within the Threshold model, high_rent (an indicator for above- 
median rent dependence) demonstrates a significant negative effect of 
− 0.1809 (0.0282, p < 0.01), while total_rent itself also has a negative 
and significant coefficient of − 0.0810 (0.0276, p < 0.05). Notably, the 
interaction between rent levels and institutional quality is visible in the 
positive and statistically significant coefficient of lggi: 0.0460 (0.0080, 
p < 0.01). Additionally, lgge becomes marginally significant in this 
specification with an estimate of 0.1000 (0.0690, p < 0.1), suggesting 
that public governance plays a more nuanced role when accounting for 
regime-based heterogeneity.

Besides, inefficiency parameters such as gamma and sigmaSq in both 
SFA models are statistically significant, indicating the appropriateness 
of frontier techniques for capturing unobserved heterogeneity and effi
ciency differentials. For instance, the gamma in Battese-Coelli is 0.7182 
(0.2270, p < 0.01), implying that over 70 % of the variance is due to 
inefficiency rather than noise.

The Battese–Coelli model reports a gamma (γ) of about 0.72, which 
means that most of the variation in financial development across 
countries stems from efficiency differences rather than random noise. 
This finding is consistent with the relatively high mean efficiency scores 
of around 0.90 shown in Table 8. In this study, efficiency refers to how 
effectively each country converts its natural resource rents into financial 
development, measured by domestic credit to the private sector. A 
gamma above 0.7 suggests that cross-country differences in rent-to- 

Table 3 
Pearson correlation matrix of key variables.

lgppp ren fornt lgge lggi minrnt ngrnt coalrnt fdi lgdc lggdp

lgppp 1.000 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
ren − 0.084 1.000 ​ ​ ​ ​ ​ ​ ​ ​ ​
fornt − 0.098 − 0.361 1.000 ​ ​ ​ ​ ​ ​ ​ ​
lgge 0.222 − 0.633 0.046 1.000 ​ ​ ​ ​ ​ ​ ​
lggi 0.111 − 0.413 − 0.146 0.361 1.000 ​ ​ ​ ​ ​ ​
minrnt − 0.033 0.327 − 0.268 − 0.046 0.035 1.000 ​ ​ ​ ​ ​
ngrnt − 0.118 − 0.535 0.513 0.390 0.155 − 0.036 1.000 ​ ​ ​ ​
coalrnt 0.040 0.270 − 0.131 0.150 0.073 0.496 − 0.089 1.000 ​ ​ ​
fdi − 0.150 − 0.092 0.094 − 0.168 0.011 − 0.091 0.225 − 0.360 1.000 ​ ​
lgdc 0.085 − 0.665 0.393 0.487 0.309 − 0.593 0.303 − 0.309 0.111 1.000 ​
lggdp 0.084 − 0.869 0.350 0.763 0.379 − 0.359 0.588 − 0.176 0.118 0.741 1.000

Source: Authors’ work.

Table 4 
Multicollinearity assessment (variance inflation factors).

Variable VIF 1/VIF

lgppp 1.1238 0.8898
ren 4.8957 0.2043
fornt 1.8798 0.5320
minrnt 1.8398 0.5435
ngrnt 2.2055 0.4534
coalrnt 1.8143 0.5512
fdi 1.3985 0.7150
lggdp 8.7641 0.1141
lgge 4.2435 0.2357
lggi 1.4665 0.6819

Source: Authors’ work.

Table 5 
Comparison of core estimation results across SFA and threshold regression 
models.

Variable Battese-Coelli SFA Kumbhakar SFA Threshold

(Intercept) − 1.4771 (0.6046)* − 1.3228 (0.6478)* ​
Fornt 0.0290 (0.0112)* 0.0338 (0.0106)** ​
Minrnt − 0.1414 

(0.0354)***
− 0.1535 
(0.0314)***

​

Ngrnt − 0.0620 (0.0203)** − 0.0615 (0.0200)** ​
Coalrnt − 0.0353 (0.0270) − 0.02 (0.03) ​
Ren − 0.0003 (0.0017) − 0.00 (0.00) 0.0004 (0.0061)
lgppp 0.0002 (0.02) 0.00 (0.02) ​
lgge 0.0143 (0.0815) 0.06 (0.06) 0.100 (0.0690)*
lggdp 0.7621 (0.1829)*** 0.63 (0.14)*** 0.0225 (0.0246)
sigmaSq 0.0396 (0.0130)** 0.02 (0.00)*** ​
Gamma 0.7182 (0.2270)** 0.00 (0.03) ​
high_rent ​ ​ − 0.1809 

(0.0282)**
total_rent ​ ​ − 0.0810 (0.0276)*
lggi ​ ​ 0.046 (0.008)**

*, **, *** denote significance levels at 0.05, 0.01, and 0.001, respectively.
Source: Authors’ work.

Table 6 
Quantile regression estimates at the 25th, 50th, and 75th percentiles of financial 
development.

Variables Q25 Q50 Q75

Intercept − 1.6989 (0.8760) − 2.5887 (0.6657)*** − 1.5323 (0.9461)
fornt 0.0256 (0.0135)* 0.0386 (0.0137)*** 0.0302 (0.0161)*
minrnt − 0.1231 (0.0637)* − 0.1906 (0.0561)*** − 0.1595 (0.0517)**
ngrnt − 0.0727 (0.0209)*** − 0.0408 (0.0281) − 0.0280 (0.0248)
coalrnt − 0.0390 (0.0555) − 0.0677 (0.0754) 0.0139 (0.0602)
ren 0.0013 (0.0027) 0.0023 (0.0026) 0.0011 (0.0033)
lgppp − 0.0099 (0.0131) 0.0099 (0.0187) 0.0047 (0.0204)
lgge − 0.0797 (0.1599) 0.1825 (0.1075)* 0.1862 (0.0768)**
lggdp 1.0956 (0.2733)*** 0.5750 (0.1881)*** 0.3368 (0.2370)**

*, **, *** denote significance levels at 0.05, 0.01, and 0.001, respectively.
Source: Authors’ work.
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credit conversion are systematic rather than random, confirming that 
the frontier approach is appropriate. The average efficiency score of 0.9 
indicates that, on average, Southeast Asian economies are operating 
close to the best-practice frontier, though there remains scope for 
improvement through stronger governance, better financial intermedi
ation, and diversification policies. For policymakers, an efficiency level 
of 0.90 implies that roughly ten percent of potential rent-driven 

financial development is still unrealized.
Fig. 4 displays the marginal effect of forest rent on financial devel

opment (lgdc) across three levels of renewable energy use: one standard 
deviation below the mean, at the mean, and one standard deviation 
above the mean. The predicted values of lgdc increase monotonically 
with higher forest rent at all three renewable energy levels. The slope of 
the relationship steepens slightly at higher renewable levels (+1 SD), 
with the predicted lgdc rising from approximately 1.6 to over 3.0 as 
forest rent increases from 0 % to 8 % of GDP. The associated confidence 
intervals narrow around the central range and widen at the tails, sug
gesting greater precision in mid-range predictions.

Quantile coefficient estimates (see Table 6) are reported across the 
distribution of the dependent variable (lgdc) for each explanatory vari
able, ranging from the 10th to the 90th quantile (τ = 0.1 to τ = 0.9). 
Each subplot represents one explanatory variable, where the solid black 
line denotes the estimated coefficient at each quantile, and the shaded 
grey region corresponds to the bootstrapped 95 % confidence interval. 
Red dashed lines represent conventional 5 % significance bounds (see 
Fig. 5).

Across multiple variables, such as minrnt, fornt, and lggdp, the 
quantile estimates exhibit consistent patterns of statistical significance 
across various quantiles. Notably, the confidence bands of certain vari
ables, including minrnt and fornt, remain entirely above or below the 
zero line at mid-to-upper quantiles, suggesting persistent directional 
influence over those quantile ranges. In contrast, variables such as ren 
and coalrnt show more volatility and wider intervals, with estimates 
closer to zero and largely overlapping with the null line, indicating 

Table 7 
Monte Carlo simulation results: Distribution of key coefficient estimates.

Variable Mean Median Min Max

lgdc_lag 0.697 0.7146 0.2911 0.9199
fornt 0.0006 0.0022 − 0.0867 0.1852
minrnt − 0.0113 − 0.0111 − 0.1077 0.0291

Source: Authors’ work.

Table 8 
Country- average efficiency scores.

Country Avg_Efficiency_BC Avg_Efficiency_Kumbhakar

Indonesia 0.905 0.912
Malaysia 0.899 0.799
Philippines 0.897 0.819
Thailand 0.87 0.831
Vietnam 0.826 0.863

Source: Authors’ work.

Fig. 5. Quantile Coefficient Estimates Across τ Levels (Line Plot with CI). Source: Authors’ work.
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weaker statistical precision at several quantiles.
Quantile regression estimates reveal important distributional het

erogeneity in the relationship between natural resource rents and 
financial development across the 25th, 50th, and 75th percentiles. The 
coefficient of forest rent (fornt) is positive and statistically significant 
across all three quantiles, increasing from 0.0256 (p < 0.10) at the 25th 
percentile to 0.0386 (p < 0.01) at the median, before slightly moder
ating to 0.0302 (p < 0.10) at the upper quantile. Mineral rent (minrnt) 
exhibits a consistently negative and statistically significant effect, most 
pronounced at the median (− 0.1906, p < 0.01).

While the impact of natural gas rent (ngrnt) is significant only at the 
lower quantile (− 0.0727, p < 0.01), the effects of coal rent (coalrnt) and 
renewable energy share (ren) remain statistically insignificant across the 
distribution. Among the controls, government effectiveness (lgge) be
comes significant at higher quantiles, with coefficients of 0.1825 (p <
0.10) and 0.1862 (p < 0.05) at the 50th and 75th percentiles, respec
tively. The strongest and most consistent effect is observed for lggdp, 
which remains positive and significant across all quantiles, peaking at 
1.0956 (p < 0.01) in the lower tail of the financial development 
distribution.

The statistical insignificance of coalrnt and ren across quantiles re
flects the transitional nature of Southeast Asia’s energy structure, where 
fossil-based generation still dominates and renewable deployment re
mains uneven. Consequently, these variables exhibit limited explana
tory power for financial development in the short term, though their role 
may strengthen as regional energy diversification progresses. Coal rent 
(coalrnt) and renewable energy share (ren) remain statistically insignif
icant across all quantiles, indicating limited variation in their effects 
within the current sample.

Fig. 6 displays the distribution of log-transformed domestic credit 
across two regimes of total natural rent, categorized into low rent (0) 
and high rent (1). The x-axis plots total rent as a percentage of GDP, 
while the y-axis shows the corresponding values of domestic credit. The 
figure illustrates the threshold-based regime classification using the 
median value of total natural resource rents (3.87 % of GDP) as the 
dividing point. Observations below the threshold (Low Rent, n = 68) and 
above the threshold (High Rent, n = 67) are shown separately. The plot 
visualizes the change in domestic credit (log) across rent regimes, con
firming a structural shift around the median threshold. Observations 
under each regime are color-coded, with a visible separation around the 
median rent threshold. Data points and lines are plotted for both re
gimes, illustrating their respective spread and variation.

3.2. Robustness check

To validate the reliability and stability of our core results, we con
ducted a series of robustness checks using Monte Carlo simulations (see 
Table 7 and Fig. 7) and efficiency estimations via stochastic frontier 
models. Specifically, we ran 1000 repetitions of the dynamic fixed 

effects model to assess the dispersion and stability of key coefficients. 
These simulations help evaluate whether the direction and magnitude of 
the resource rent coefficients—especially for forest and mineral rent
s—remain consistent under repeated sampling variability. Furthermore, 
we compare country-level efficiency scores derived from both the 
Battese-Coelli (see Fig. 8) and Kumbhakar specifications to ensure 
robustness in our SFA-based conclusions. These complementary checks 
strengthen confidence in the empirical validity of our financial resource 
curse hypothesis.

Efficiency patterns across the five countries reveal minimal fluctua
tions over the study period (see Fig. 9), with all countries maintaining 
consistently high scores as estimated by the Kumbhakar model. The 
plotted trajectories show slight year-to-year variability but remain 
largely stable, suggesting persistent efficiency in credit allocation rela
tive to natural rent utilization.

The accompanying country-level (see Table 8) averages from both 
the Battese-Coelli and Kumbhakar models further validate these trends. 
Under the Battese-Coelli specification, Indonesia emerges as the most 
efficient country with an average score of 0.905, followed by Malaysia 
(0.899) and the Philippines (0.897). The Kumbhakar model yields 
comparable but slightly adjusted rankings, with Indonesia again leading 
(0.912), while Vietnam (0.863) ranks notably higher compared to its 
position in the BC model. These consistent efficiency scores across 
models reinforce the reliability of the stochastic frontier approach in 
capturing the financial development implications of natural resource 
rents.

4. Discussion

This study set out to examine whether and how different types of 
natural resource rents influence financial development in Southeast 

Fig. 6. Threshold effect of natural rent on financial development.

Fig. 7. Monte Carlo Distribution: Coefficient of Mineral Rent. Note: mi Simu
lated from 1000 Dynamic FE Models. Source: Authors’ work.

Fig. 8. Efficiency trends (Battese-Coelli). Source: Authors’ work.
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Asia, a region characterized by both resource abundance and rising 
sustainability pressures. By incorporating stochastic frontier models, 
threshold regressions, interaction effects, and quantile-based methods, 
the analysis responded to three core research questions: (i) Do natural 
resource rents contribute to or inhibit domestic credit provision? (ii) Are 
these effects nonlinear or moderated by factors such as governance and 
renewable energy use? (iii) How efficient are Southeast Asian economies 
in converting resource wealth into financial sector growth? [79–81]. 
Our findings offer multi-layered insights that deepen the understanding 
of the “financial curse” hypothesis in a novel regional and methodo
logical context. It is important to note that the research hypothesis on 
financial curse is that natural resources do not promote financial 
development.

The study advances the resource-finance literature in several ways. 
First, while much of the extant work focuses on aggregate resource 
dependence, we disaggregate rents into forest, mineral, gas, and coal 
categories, thus addressing heterogeneity in resource-finance dynamics. 
Our models consistently reveal that forest rent exerts a positive and 
statistically significant impact on domestic credit, a finding most pro
nounced under the Kumbhakar SFA specification.

The positive linkage between forest rents and credit provision likely 
reflects the increasing formalization of forestry-related finance in 
Southeast Asia. In Indonesia and the Philippines, two countries that later 
emerge as efficiency leaders, forest resources have become embedded 
within structured credit systems through land titling reforms, timber- 
backed value chains, and the proliferation of green finance initiatives. 
Programs such as Indonesia’s Forest Investment Program (FIP) and REDD 
+ Payment for Ecosystem Services (PES) schemes have expanded the flow 
of concessional and commercial finance to community forestry and 
plantation sectors. These mechanisms enable forest assets to serve as 
collateral or as sources of verifiable environmental revenue, reducing 
credit risk and attracting formal lending. Similarly, rural banking re
forms in the Philippines have integrated agroforestry and ecotourism 
enterprises into microfinance and cooperative lending frameworks, 
reinforcing the observed positive elasticity of forest rent on domestic 
credit. Thus, the empirical association captures a deeper institutional 
transformation in which forest-linked rents are increasingly monetized 
through sustainable finance channels rather than informal or extractive 
circuits. This contrasts with mineral and natural gas rents, which show a 
robust negative influence, echoing concerns in prior literature about 
their volatility and enclave nature [82,83].

Second, the threshold regression and interaction models highlight 
conditional dynamics often neglected in conventional analyses. High 
rent regimes, as defined by the median split of total rent, are associated 
with significant declines in financial development, even after controlling 
for economic size and governance quality [51]. However, when insti
tutional quality (lggi) is introduced as a moderating variable, it partly 
offsets the rent-induced drag on credit, underscoring the institutional 

enabler thesis in resource-finance linkages [76,84]. Similarly, our mar
ginal effect plots demonstrate that the positive association between 
forest rent and financial development amplifies at higher levels of 
renewable energy usage, suggesting that greener energy regimes 
enhance the developmental returns to forest-based resources [85,86].

Third, the quantile regression results reveal distinct mechanisms 
underlying the resource–finance relationship across different levels of 
financial development. In lower quantiles, mineral rents exert signifi
cantly negative effects, likely reflecting weak institutional buffers, high 
rent-seeking, and shallow credit markets; as argued by Ref. [87]. At 
higher quantiles, the interaction between governance and resource rents 
turns more adverse, suggesting that even in relatively advanced finan
cial systems, institutional complacency or elite capture may dilute 
financial discipline, as posited by Ref. [88]. Moreover, the contrasting 
effects of renewable versus non-renewable rents on credit provision 
point to structural differences: forest rents often benefit decentralized, 
agriculture-linked credit systems, while mineral and gas rents tend to 
concentrate in capital-intensive sectors with limited spillovers. These 
patterns underscore how financial frictions, institutional voids, and 
sectoral asymmetries condition the translation of resource wealth into 
broad-based credit growth. The insignificance of coal rent and renew
able energy variables aligns with Southeast Asia’s ongoing energy 
transition. Coal continues to dominate generation capacity, while 
renewable expansion remains gradual and concentrated in a few econ
omies. Given that these sectors have not yet developed deep credit 
linkages, their limited effect on financial development is unsurprising. 
Over time, greater diversification of energy portfolios and financing 
mechanisms could strengthen the renewable-finance connection 
observed in higher-income contexts.

Beyond the observed statistical associations, these results can be 
understood through the evolving mechanisms that govern capital allo
cation in Southeast Asia’s energy transition. As renewable energy (RE) 
penetration increases, the risk-return calculus for banks and investors 
begins to shift. Higher RE shares, supported by carbon pricing, feed-in 
tariffs, or Contracts for Difference (CfDs), stabilize expected returns 
from clean energy infrastructure by mitigating revenue volatility and 
policy uncertainty. Simultaneously, these mechanisms erode the relative 
attractiveness of fossil-linked lending by internalizing carbon costs and 
tightening balance-sheet exposures to stranded asset risks. Green- 
lending mandates and sustainability-linked bonds introduced in 
several ASEAN economies further reinforce this reallocation of credit by 
embedding environmental criteria into collateral valuation and loan 
pricing. In this sense, the moderating effect of renewable energy 
observed in our models is not merely statistical, it reflects a structural 
reorientation of credit systems toward grid modernization, storage in
vestments, and electrification of transport and industry. These mecha
nisms collectively reduce financing costs for low-carbon technologies 
while increasing risk premia for fossil-based activities, thereby altering 
the composition of financial deepening itself. As Southeast Asian econ
omies strengthen carbon disclosure frameworks and expand green tax
onomies, these dynamics are likely to intensify, aligning domestic credit 
expansion with decarbonization imperatives rather than rent-seeking 
cycles.

Finally, our Monte Carlo simulations and efficiency analyses affirm 
the robustness of these patterns. Across 1000 simulations, the direction 
and dispersion of key coefficients, especially for mineral rent, remain 
stable. The efficiency scores derived from the Battese-Coelli and 
Kumbhakar models show that Indonesia and the Philippines consistently 
outperform others in converting rents into financial sector gains, sug
gesting model validity and policy relevance [89,90].

Taken together, the findings validate our central thesis that not all 
resource rents are equally detrimental to finance, and their effects are 
strongly shaped by moderating institutions, green transition indicators, 
and distributional positioning. These insights have important implica
tions for Southeast Asian policymakers aiming to harmonize resource 
management with financial deepening goals under SDG 8 and SDG 9 

Fig. 9. Efficiency trends (Kumbhakar Model). Source: Authors’ work.
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frameworks.

5. Conclusion, policy recommendations, limitations and future 
studies

5.1. Conclusion

This study investigates the multifaceted relationship between dis
aggregated natural resource rents and financial development across five 
Southeast Asian economies from 1995 to 2021. By integrating stochastic 
frontier analysis, threshold regression, interaction models, and quantile- 
based techniques, the study provides a nuanced understanding of the 
“financial curse” hypothesis within a heterogeneous and transitional 
economic landscape.

The findings underscore that natural resource rents do not exert 
uniform effects on financial development. Specifically, forest rent is 
positively associated with domestic credit provision, particularly at the 
median quantile of the financial development distribution. In contrast, 
mineral and natural gas rents exhibit consistently negative impacts, 
highlighting their enclave nature and susceptibility to price volatility. 
Coal rents, while less statistically robust, also trend negative.

Crucially, the interaction models reveal that institutional quality and 
renewable energy usage can condition or even offset the adverse effects 
of resource dependence. Strong governance frameworks and greener 
energy transitions amplify the positive role of forest rents and mitigate 
the financial drag associated with extractive rents. Efficiency analyses 
further demonstrate that economies like Indonesia and the Philippines 
have shown relatively greater capacity to translate resource wealth into 
financial sector gains, emphasizing the role of institutional and policy 
context.

5.2. Policy recommendations

The empirical evidence from this study highlights the need for tar
geted policy actions that strengthen the link between natural resource 
rents, institutional quality, and sustainable financial development in 
Southeast Asia. While resource wealth provides a strong foundation for 
growth, its benefits can only be fully realized when governance, finan
cial systems, and environmental mechanisms operate in harmony. The 
following recommendations translate these insights into practical and 
implementable strategies for policymakers and development partners in 
the region.

First, governments should develop forest-backed carbon credit 
markets and biodiversity bonds that assign measurable financial value to 
forest ecosystems. This would allow countries such as Indonesia, 
Malaysia, and the Philippines to generate new and sustainable sources of 
financing for reforestation, biodiversity conservation, and local liveli
hood programs. By integrating forest rents into formal green finance 
systems, policymakers can transform ecological assets into long-term 
economic opportunities.

Second, national treasuries should establish sovereign wealth or 
stabilization funds that reinvest excess resource rents into renewable 
energy infrastructure, technology innovation, and research. These funds 
can serve as fiscal buffers that cushion the economy against commodity 
price volatility while supporting long-term investments in clean energy 
transitions and industrial diversification.

Third, central banks and financial regulators should encourage 
commercial banks to dedicate a defined share of their lending portfo
lios—ideally between 10 and 15 percent—to certified green and low- 
carbon projects. This policy would mobilize private capital toward 
climate-aligned investments, enhance credit access for renewable en
ergy firms, and accelerate the region’s transition toward sustainable and 
inclusive finance.

Fourth, governance and institutional reforms should focus on digi
talizing resource management systems. This includes the implementa
tion of transparent fiscal dashboards and blockchain-based licensing 

systems that track natural resource flows, royalties, and tax revenues in 
real time. Such measures would significantly reduce corruption, 
strengthen accountability, and improve the efficiency of rent distribu
tion to local communities and development programs.

Finally, ASEAN should establish a regional Green Finance Coordi
nation Forum to harmonize sustainability standards, facilitate cross- 
border carbon trading, and support member states in developing na
tional green finance taxonomies. This platform would foster knowledge 
sharing, technical cooperation, and policy alignment, thereby enhancing 
Southeast Asia’s collective ability to attract climate finance and private 
investment for low-carbon growth.

Collectively, these measures provide a coherent policy roadmap for 
converting resource wealth into sustainable development outcomes. By 
combining financial innovation, institutional reform, and regional co
ordination, Southeast Asian economies can move beyond the traditional 
resource-dependent growth model and achieve a more resilient, equi
table, and green financial future.

5.3. Limitations and future studies

Despite the novel contributions and robust empirical approach 
employed in this study, two key limitations merit consideration, and 
they provide fertile ground for future scholarly inquiry.

This study utilizes disaggregated resource rent data (forest, mineral, 
gas, and coal rents) at the national level, derived from authoritative 
international databases. However, due to data availability constraints, it 
does not capture the sub-sectoral characteristics, ownership structures 
(state-owned vs. private firms), or regional-level disparities in resource 
extraction and financial access. These unobserved heterogeneities may 
influence both the intensity and the quality of the resource-finance 
transmission mechanism, potentially masking localized patterns of 
development or exclusion, particularly in decentralized governance 
systems such as those in Indonesia or the Philippines.

Future research could address this limitation by employing subna
tional or firm-level panel data, enabling a more granular analysis of how 
different types of resource rents affect credit access, financial inclusion, 
and sustainability outcomes across provinces, districts, or economic 
zones.

Again, while the study integrates institutional quality (via LGGI and 
LGGE) and green transition indicators (renewable energy use), these 
proxies are derived from annual datasets that may not fully capture 
within-year policy shifts, governance reforms, or climate shocks that 
dynamically affect both natural resource management and financial 
flows. Additionally, the analysis assumes non-linear or threshold-based 
relationships, which may overlook complex feedback loops or temporal 
lags.

To overcome the underlying limitations, future studies should 
explore the use of dynamic institutional indicators, such as policy event 
data, governance reform indices, or real-time environmental stress 
variables (e.g., deforestation alerts or emission spikes). Coupling these 
with dynamic panel estimators or structural equation modelling could 
reveal causal mechanisms and adaptive policy responses in greater 
detail. Furthermore, future studies should adopt estimation techniques 
that are tailored to address more dimensions of endogeneity. For 
instance, in the present study, rents and credit can co-evolve and 
addressing reverse causality or omitted variables (such as commodity 
price shocks feeding both rents and credit) is essential.
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