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ABSTRACT: This paper aims to develop and evaluate an analytical framework for optimising environmental, social, and
governance (ESG) mutual fund portfolios by integrating green banking performance and ecotourism investment opportu-
nities in the buffer cities of the Capital City of Nusantara/Ibu Kota Nusantara (IKN). This study adopts a multi-objective
analytical framework that combines Structural Equation Modeling—Partial Least Squares (PLS-SEM), mean-variance
optimization, Monte Carlo simulation, and scenario analysis to evaluate risk-adjusted returns and scenario-based out-
comes in ESG portfolio optimization.ESG performance and financial data from ten Indonesian banks are combined with
ecotourism potential assessments from field observations and stakeholder interviews in IKN. The results reveal that
regulatory support, banking ESG performance, and asset allocation significantly influence ESG portfolio optimization,
while ecotourism opportunities act as a strategic complement. Interaction effects between ESG performance and ecot-
ourism potential enhance portfolio resilience under varying scenarios. Mean-variance optimization and Monte Carlo sim-
ulations demonstrate that integrating ecotourism investments improves risk-adjusted returns without compromising
ESG compliance. Scenario analysis confirms robustness across economic and environmental conditions.
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Introduction

The growing emphasis on ESG principles has fundamentally reshaped investment strategies, as
stakeholders increasingly demand not only financial returns but also measurable social and environ-
mental impacts (Ahmad et al., 2023; Garcia et al,, 2017). In banking, ESG adoption aligns with green
banking practices that support sustainable development through environmentally responsible
financing (Cromwell & Peprah, 2025; Gonzalez-Ruiz et al., 2024).

In Indonesia, ESG implementation remains at an early stage but shows strong potential. ESG
dimensions are key determinants of the performance of socially responsible investing (SRI), invest-
ment horizons, and methodological approaches, yet prior studies report inconsistent findings. This is
particularly evident in the limited integration of ESG across sectors, despite emerging synergies
between banking and ecotourism (Duong, et al., 2025), as seen in initiatives by Bank Negara Indone-
sia and Bank Syariah Indonesia (Bukhari et al., 2020).

This study examines how ESG integration serves as a strategic mechanism for optimizing invest-
ment portfolios, particularly for ecotourism investments in IKN buffer cities - Samarinda, Balikpa-
pan, Kutai Kartanegara, and Paser. These regions offer strong potential for sustainable economic
development through green banking and ecotourism diversification (Varmaz et al., 2024; Wei & Zeng,
2025; Xidonas & Essner, 2024). Prior studies primarily focus on ESG impacts on mutual fund perfor-
mance or banking profitability, with limited integration of ecotourism into portfolio optimization
(Mirza et al., 2025; Cai & Aljofan, 2025; Osypova & Maryna, 2024). This gap underscores the need for
integrative models linking green banking and ecotourism investment, particularly in the face of mar-
ket risk, exchange rate volatility, and commodity price fluctuations (Fu et al., 2024; Ali et al., 2024;
Beebeejaun & Maharoo, 2024).

This study proposes a novel interdisciplinary framework integrating green banking performance,
ecotourism investment opportunities, and ESG-based mutual fund strategies to enhance financial
performance and risk management (Gaurav et al,, 2025; Vishnu et al., 2025). Prior studies report
mixed evidence on ESG mutual fund performance, with some indicating superior returns and others
showing potential underperformance across markets and periods (Tampakoudis et al., 2023; Gar-
cia-Bernabeu et al., 2023). To address this inconsistency, the study applies mean-variance optimiza-
tion, Monte Carlo simulation, and scenario analysis to generate robust, policy-relevant insights
(Hasnaoui, 2025; Su & Fu, 2025).

This study advances the existing the literature by proposing a novel, context-specific investment
model that integrates financial, environmental, and social objectives, bridging green finance and eco-
tourism management in Indonesia. It is among the first to combine PLS-SEM, mean-variance optimi-
zation, Monte Carlo simulation, and scenario analysis within a unified multi-objective framework
linking ESG portfolio performance with ecotourism investment. The model, validated through empir-
ical data and stakeholder engagement, offers a replicable approach for aligning investment strategies
with the Sustainable Development Goals (SDGs) in emerging markets.

An overview of the literature

Environmental, social, and governance (ESG)

The ESG framework encompasses environmental, social, and governance dimensions that extend
firm evaluation beyond traditional financial metrics (Liu et al., 2023). While prior studies generally
find a positive relationship between ESG performance and firm value, the evidence remains incon-
sistent and context-dependent across industries, countries, and methodologies. Although stake-
holder theory is widely applied, it does not fully explain the heterogeneity and moderating factors
shaping this relationship, indicating a persistent research gap (Wang et al., 2023). Overall, ESG serves
as a critical yet evolving framework linking non-financial responsibilities for sustainable business
value.

ESG integration in banking and investment management is widely recognized for its ability to
enhance financial performance and improve risk management. In banking, ESG practices are associ-
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ated with improved financial resilience and performance indicators such as ROE and ROA (Menicucci
& Paolucci, 2023), while in investment management (Garcia, C., & Casalegno, F,, 2025) , ESG integra-
tion represents an extension of traditional portfolio strategies aimed at mitigating hidden risks and
generating long-term alpha (Van Duuren et al,, 2016). However, empirical evidence on the ESG-finan-
cial performance relationship remains inconclusive, with outcomes varying across contexts, method-
ologies, and institutional characteristics (Nian & Said, 2025). This suggests that ESG effectiveness is
contingent on underlying mechanisms, particularly the role of high-quality disclosure and govern-
ance as mediating factors in translating ESG practices into investment performance.

Green banking

Green banking extends green economy and finance principles by positioning banks as key actors
in managing environmental risks through financing, operations, and credit governance. Grounded in
institutional theory, its adoption is driven by regulatory pressure, social norms, and stakeholder
expectations (Bukhari et al., 2019). From a resource-based view (RBV), environmentally oriented
capabilities - such as energy efficiency, digitalisation, and green lending - can generate competitive
advantages through improved reputation, lower risk exposure, and access to cheaper capital (Aslam
& Jawaid, 2023). Although these capabilities have shown potential, their ability to consistently deli-
ver sustained financial performance remains unclear, warranting further integrated and context-spe-
cific analysis.

Green banking has progressed from a compliance-driven approach to becoming a strategic pillar
of sustainable finance. Empirical studies show that it enhances financial stability, improves credit risk
assessment, and reduces exposure to environmentally sensitive assets (Gonzalez-Ruiz et al., 2024;
Karki et al., 2025)

However, despite its growing importance, Current evidence has yet to establish whether green
banking initiatives consistently enhance long-term economic performance and climate outcomes.
This highlights the need for more integrative and context-specific analyses, particularly in emerging
markets (Aslam & Jawaid, 2023; Beebeejaun & Maharoo, 2024). At the investment management level,
green banking plays a crucial role in developing ESG-based portfolios by directing financing toward
environmentally sustainable projects, thereby enhancing diversification and improving risk-return
profiles (Johri & Singh, 2024). However, the effectiveness of this integration depends on regulatory
alignment and market readiness, highlighting the need for stronger institutional support, particu-
larly in emerging markets.

Investment in the ecotourism sector

Ecotourism investment is grounded in environmental economics, emphasising capital allocation
to nature- and culture-based destinations that generate both financial returns and long-term
socio-ecological value. Key determinants include accommodation capacity and environmental-cul-
tural quality, where imbalances - particularly excessive capacity expansion — may reduce visitor sat-
isfaction and undermine sustainability.

While prior studies highlight the importance of balancing infrastructure development with the
preservation of natural and cultural assets, the effectiveness of such investments remains context-de-
pendent and sensitive to tourist heterogeneity and environmental risks (Lee & Iwasa, 2020). This
suggests a need for more integrated and adaptive investment frameworks that account for these com-
plexities.

Ecotourism investment is increasingly acknowledged for its role in advancing sustainability by
integrating environmental, social, and economic objectives. While prior studies highlight its role in
promoting local growth, community empowerment, and environmental conservation (Romagosa,
2020), its effectiveness remains contingent on balancing environmental carrying capacity with eco-
nomic expansion. From a financial perspective, its integration into investment portfolios offers diver-
sification benefits and return stability, yet requires more robust frameworks to fully capture its
potential within ESG-based investment strategies.
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Hypothesis development

Empirical evidence suggests that ESG integration in banking enhances performance, profitability,
and stability, particularly through improved governance. At the portfolio level, ESG-based strategies
are associated with better risk-adjusted returns and lower volatility, reinforcing their relevance for
investment optimization. However, the effectiveness of ESG remains context-dependent, especially in
emerging markets where regulatory alignment and institutional support vary (Galvez-Rodriguez et
al,, 2024; Yameen et al., 2024; Johri & Singh, 2024). Accordingly, the following hypotheses are pro-
posed:

H1 - Banking ESG has a positive effect on policy recommendations. H2 - Banking ESG has a positive
effect on portfolio optimization.

Prior literature indicates that ESG integration in mutual funds not only supports sustainable
investment policies but also enhances portfolio diversification and risk-adjusted returns. ESG-
screened funds exert collective pressure on firms to improve ESG practices, reinforcing their rele-
vance at both firm and policy levels. However, the extent of their effectiveness remains context-de-
pendent, particularly across markets and regulatory environments (Raghunandan & Rajgopal, 2022;
Rau & Yu, 2024). Accordingly, the following hypotheses are proposed:

H3 - Mutual fund ESG has a positive effect on policy recommendations. H4 - Mutual fund ESG has a
positive effect on portfolio optimization.

Ecotourism opportunities are increasingly recognised as a foundation for pro-environmental pol-
icy and sustainable investment. Integrating ecotourism into investment portfolios can enhance diver-
sification and align financial returns with sustainability objectives, positioning it as an emerging
alternative asset class. However, its effectiveness remains contingent on policy support and market
readiness, highlighting the need for more robust and context-specific investment frameworks (Qam-
ruzzaman, 2023; Huang et al., 2023; Svitlichna et al., 2024). Accordingly, the following hypotheses are
proposed:

H5 - Ecotourism opportunities have a positive effect on policy recommendations. H6 - Ecotourism
opportunities have a positive effect on portfolio optimization.

Regulatory frameworks play a crucial role in shaping asset allocation strategies by promoting
structured and efficient portfolio management. Empirical evidence suggests that ESG-oriented poli-
cies enhance portfolio efficiency and sustainability, while regulatory support facilitates the transla-
tion of ESG practices into investment outcomes (Weston & Nnadi, 2023; Wang & Chen, 2024; Sing-
hania & Saini, 2021). However, the effectiveness of such mechanisms remains context-dependent,
warranting further empirical investigation. Accordingly, the following hypothesis is proposed:

H7 - Policy recommendation has a positive effect on portfolio optimization. H8 - Regulator has a
positive effect on policy recommendation. H9 - Regulator has a positive effect on asset allocation.

Asset allocation plays a central role in portfolio optimization, particularly when integrating ESG
criteria and alternative investments. Evidence suggests that ESG-oriented allocation strategies
enhance diversification and risk-adjusted returns, while investments in sectors such as ecotourism
further strengthen portfolio performance (Tiwari et al., 2024; Fuxia & Bizhe, 2022). However, the
effectiveness of these strategies depends on market conditions and investment structures, indicating
the need for more robust allocation frameworks. Accordingly, the following hypothesis is proposed:

H10 - Asset allocation has a positive effect on portfolio optimization. H11 - Banking ESG has a
positive effect on asset allocation. H12 - Ecotourism opportunities have a positive effect on asset
allocation.

ESG integration influences investment policy formulation by embedding sustainability into port-
folio design and decision-making. Policy recommendations and asset allocation act as key mediating
mechanisms linking ESG practices and ecotourism opportunities to portfolio performance. While
prior studies confirm these mediation effects, their effectiveness remains context-dependent, high-
lighting the need for more integrative models (Ben Ali & Chouaibi, 2024; Cohen et al., 2021; Aggarwal
etal, 2025). Accordingly, the following hypotheses are proposed:

H13 - Policy recommendation mediates the relationship between banking ESG and portfolio opti-
mization. H14 - Policy recommendation mediates the relationship between mutual fund ESG and
portfolio optimization. H15 - Policy recommendation mediates the relationship between ecotourism
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opportunities and portfolio optimization. H16 - Asset allocation mediates the relationship between
ecotourism opportunities and portfolio optimization.

All hypotheses (H1-H16) are illustrated in a conceptual framework diagram (Figure 1), showing
the direct, mediating, and moderating relationships among variables and their linkage to the six
research areas. Solid arrows denote hypothesised positive relationships, while dashed arrows indi-
cate mediating effects, with variables positioned from left (independent) to right (dependent).
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Figure 1. Conceptual Framework

Research methods

Approach and main stages

PLS SEM is employed to model complex relationships among latent ESG, policy, and portfolio
variables, while mean-variance optimization evaluates risk-return efficiency. Monte Carlo simula-
tion and scenario analysis are used to capture uncertainty and test model robustness. This integrated
approach ensures a comprehensive and context-sensitive analysis, particularly relevant for dynamic
emerging market environments.

Data variables and analysis techniques

Table 1 presents the variable measurements used in this study. Data were obtained from audited
financial statements, sustainability reports, and regulatory publications for 2020-2024, comple-
mented by FGDs and literature-based indicators, including portfolio performance, ESG disclosure,
financial metrics, ecotourism investment, and digital transformation.
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Table 1. Measurement of variables

Variables

Dependent Variable
Portfolio performance

Independent Variables

Environmental, Social, and
Governance

Banking financial perfor-
mance

Ecotourism investment
potential

Moderating Variable
Cash holdings

Control Variables

Dividends paid

Digital transformation

Profitability

Abbreviations

PP

ESG

BFP

EIP

CH

DIV

oT

ROA

Parameters

Portfolio return calculated from changes in net asset
value plus distributed income

ESG composite score obtained from banks' sustain-
ability reports and the IDX ESG Leaders Index

Composite index of ROA, ROE, net interest margin
(NIM), and operating expenses to operating income
(OEQI) based on OJK and IDX data

Index based on tourism infrastructure, visitor num-
bers, and green investment readiness in IKN buffer
cities

Cash and cash equivalents divided by total assets

Total dividends paid divided by total assets

Digital banking expenditure divided by total assets

Earnings before interest and taxes divided by total
assets

Source: author's work based on the relevant literature.

Adopted from

Sherwood & Pollard
(2018)

Gati et al. (2024); Sumarta
et al. (2023)

Kurnia & Ardianto (2024)

Laksono & Latief (2024);
Sukmana & Azizah (2024)

Koroleva et al. (2021)

Ahmed & Abu Khalaf
(2025); Njoku & Lee
(2025)

He et al. (2025); Xie &
Wang (2023)

Ahmed & Abu Khalaf
(2025)

The model is developed based on the conceptual framework to examine the effects of banking
ESG, mutual fund ESG, and ecotourism investment on portfolio optimization, with policy recommen-
dations and asset allocation as mediators.

Pol_Recom = f; + B,(Ban_ESG) + B,(MTF_ESG) + B;(Eco_Opp) + B,(Reg) + u, (1)

Asset_Alloc = B, + f,(Pol_Recom) + ,(Reg) + ,

(2)

PortOpt = .B() + ﬁl(POIRecom) + ﬁz (ECOOpp) + ﬁg(BanESG)
+B,(MTF_ESG) + fs(Asset_Alloc) + +y,

where:

(3)

Bank_ESG - ESG performance score of banks (indicators: X133 and X142); MTF_ESG - ESG score of
mutual fund portfolios (indicator: X242); Eco_Opp - Ecotourism investment opportunity index
(indicator: X351); Pol_Recom - Strength of policy recommendations derived from ESG-ecotourism
synergies (indicator: Y231); Reg - Regulatory support for sustainable investment (indicator: Y226);
Asset_Alloc - Strategic asset allocation based on ESG and ecotourism investment priorities (indica-
tor: X243); Port_Opt - ESG-based optimized investment portfolio reflecting banking performance
and ecotourism potential (indicator: Y112); and p - Error term.
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This study employs PLS-SEM using SmartPLS, complemented by mean-variance optimization,
Monte Carlo simulation, and scenario analysis to assess portfolio performance under uncertainty.
Data were verified, ethical standards were maintained, and model validity and reliability were
ensured, with all computations conducted in SmartPLS for reproducibility.

Results of the research

Table 2 summarises the key descriptive characteristics of the research variables. The ESG-related
institutional variables — banking ESG (mean = 782; SD = 157.543; skewness = -0.086; kurtosis =
-0.855), mutual fund ESG (mean = 820; SD = 138.564; skewness = -0.186; kurtosis = -1.185), and
asset allocation (mean = 792; SD = 130.905; skewness = -0.068; kurtosis = -1.138) - exhibit stable
means and moderate dispersion. Their skewness values, which are close to zero, indicate near-sym-
metric distributions, consistent with prior evidence suggesting that ESG indicators in banking and
investment contexts generally follow predictable institutional reporting patterns. A similar level of
distributional stability is observed for the regulatory variable (mean = 667; SD = 91.984; skewness =
-0.124; kurtosis = -0.431) and policy recommendations (mean = 676.8; SD = 101.162; skewness =
-0.003; kurtosis = -0.493), reinforcing the notion that regulatory alignment and policy mechanisms
typically exhibit consistent patterns within sustainable finance systems.

In contrast, ecotourism opportunities exhibit a markedly different distributional profile, with a
mean of 1,314.6, a very high standard deviation (SD = 1,047.325), and extreme skewness (5.422) and
kurtosis (33.798). These values indicate a highly right-skewed and leptokurtic distribution, reflecting
substantial disparities in tourism potential, destination readiness, and environmental attractiveness
across the sampled ecotourism sites. This heterogeneity aligns with prior findings suggesting that
ecotourism investment opportunities vary widely due to differences in socio-ecological conditions
and institutional support. Such variation is a recurring characteristic in the ecotourism and rural
tourism literature, where only a few destinations demonstrate exceptionally high performance while
many others remain underdeveloped. Meanwhile, portfolio optimization exhibits a relatively normal
distribution (mean = 353.6; SD = 45.421; skewness = 0.716; kurtosis = 0.102), suggesting consistent
portfolio behaviour across observations. Previous research on ESG portfolio optimization has simi-
larly documented moderate variation in performance metrics.

Summary descriptive statistics

Variables Mean Std. Dev. Min Max Skewness Kurtosis
Banking ESG 782.0 157.543 400 1,000 -0.086 -0.855
ESG Mutual Funds (X242) 820.0 138.564 600 1,000 -0.186 -1.185
Asset Allocation (X243) 7920 130.905 600 1,000 -0.068 -1.138
Ecotourism Opportunities (X351) 1,314.6 1,047.325 600 8,000 5.422 33.798
Portfolio Optimization (Y112) 353.6 45.421 280 480 0.716 0.102

Regulators (Y226) 667.0 91.984 450 850 -0.124 -0.431

Policy Recommendations (Y231) 676.8 101.162 450 900 -0.003 -0.493

Source: authors' work using SmartPLS.

Table 2 shows that most variables meet the distributional assumptions for PLS-SEM, with stable
means and near-symmetric distributions, particularly for ESG, regulatory, and policy variables. In
contrast, ecotourism opportunities exhibit high non-normality, indicating substantial heterogeneity
across destinations, while portfolio optimization remains relatively stable with moderate dispersion.
These characteristics justify the use of robust analytical approaches, including Monte Carlo simula-
tion and scenario analysis, to capture uncertainty. They also suggest that while ESG and regulatory
systems are institutionally stable, the variability in ecotourism opportunities requires targeted policy
support. Overall, the results provide a sound basis for interpreting the relationships among ESG prac-
tices, regulatory frameworks, ecotourism opportunities, and portfolio outcomes.
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Table 3 shows that the regulatory variable exerts the strongest direct influence on policy recom-
mendations, with a coefficient of 1.057, indicating that financial inclusion and sustainable investment
policies are primarily driven by regulatory support. Conversely, portfolio optimization has a negative
effect on policy recommendations (-0.194), suggesting that as portfolio performance improves, the
need for additional policy intervention decreases. Banking ESG also contributes positively to policy
recommendations (0.096), followed by ecotourism opportunities (0.066) and asset allocation
(0.016), although these effects are relatively small. In contrast, mutual fund ESG and all interaction
(moderating) variables show no meaningful impact, indicating that ESG interactions and combined
effects do not significantly influence policy directions.

For the endogenous variable (portfolio optimization), the most influential predictors are mutual
fund ESG (0.401) and asset allocation (0.364), demonstrating that ESG-based mutual funds and stra-
tegic allocation are the primary drivers of portfolio performance. Banking ESG (0.203) and ecotour-
ism opportunities (0.121) also have positive but moderate effects, while the regulatory variable
shows a negative influence (-0.203), implying that certain regulatory constraints may limit portfolio
optimization. Overall, moderating effects remain negligible, suggesting that the primary relation-
ships are not significantly strengthened by interaction terms.

Structural path and effect size

Total Indirect

Linkages Path Coefficients ~ Total Effects Effects f2

Asset allocation — Policy recommendations 0.085 0.062 -0.023 0.032
Asset allocation — Portfolio optimization 0.364 0.364 - 0.118
Asset allocation x Mutual fund ESG — Policy recommendations 0.012 0.012 0.000 0.010
Asset allocation x Mutual fund ESG — Portfolio optimization 0.041 0.041 - 0.021
Banking ESG — Policy recommendations 0.143 0.118 -0.025 0.089
Banking ESG — Portfolio optimization 0.214 0.214 - 0.097
Banking ESG x Ecotourism opportunities — Portfolio optimization 0.028 0.028 - 0.015
Ecotourism opportunities — Policy recommendations 0.092 0.071 -0.021 0.054
Ecotourism opportunities — Portfolio optimization 0.132 0.132 - 0.066
Ecotourism opportunities x Banking ESG — Portfolio optimization 0.019 0.019 - 0.012
Mutual fund ESG - Policy recommendations 0.064 0.021 -0.043 0.028
Mutual fund ESG — Portfolio optimization 0.386 0.386 - 0.172
Portfolio optimization — Policy recommendations -0.182 -0.182 - 0.094
Regulatory support — Policy recommendations 0.521 0.548 0.027 0.241
Regulatory support — Portfolio optimization -0.167 -0.167 - 0.072

Cronbach'’s Alpha (CA) = 0.762
Composite Reliability (pa) = 0.801
Composite Reliability (pc) = 0.856
Average Variance Extracted (AVE) = 0.573

Source: authors' work using SmartPLS.

The model demonstrates statistically plausible relationships, with regulatory support emerging
as a strong driver of policy recommendations (8 = 0.521), while mutual fund ESG and asset allocation
remain key determinants of portfolio optimization (f = 0.386 and 3 = 0.364, respectively). The
reported statistics confirm acceptable measurement quality, with composite reliability surpassing
0.80 and AVE remaining higher than 0.50. Effect sizes are generally small to moderate, indicating
meaningful but not overstated relationships, consistent with empirical findings in ESG and sustaina-
ble investment literature.
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Pearson's Pairwise correlation matrix

Variables M ) @) @ (5) (6) (7 ® 9 (10)

(1) Asset allocation 1 0034 0019 0141 0244  -0157 0219 0028 0737 0028

(2) Banking ESG 0.034 1 0083 0091  -0.163 0126  -0209 0097 0105  0.097

(3) Ecotourism opportunities 0019  -0083 1 0260 -0062 -0.141 -0.051 0981* -0158  0.981%
(4) Mutual fund ESG 0141 0091 0260 1 0097 0138 0091 0255 0767 -0.255
(5) Policy recommendations 0244 -0.163 0062  0.097 1 0491 0988  -0.081 0218  -0.081
(6) Portfolio optimization -0.157 0126 -0.141 0.138  -0.491 1 -0453  -0153  -0.032 -0.153
(7) Regulatory support 0219  -0209 -0051 0091  0988** -0453 1 0077 0194 -0.077
Oggpiart”ukri]?t?eis{i x Ecotourism 0028 0097 0981% 025 -0.081 -0.153 -0077 1 -0.143  1.000%
(9) Asset allocation x Mutual fund ESG 0.737* 0305  -0.158 = 0.767* 0218  -0.032 0194  -0.143 1 -0.143

(10) Ecotourism opportunities x

: 0.028 0.097  0981** -0255 -0.081 -0.153 = -0.077  1.000*  -0.143 1
Banking ESG

Source: authors' work using SmartPLS.
Noted: *p <56% and **p <1%.

Pairwise Pearson correlation uses r (-1 to +1) to measure the strength and direction of linear
relationships. At the 1% significance level, ecotourism opportunities exhibit a very strong correlation
with the interaction term between banking ESG and ecotourism opportunities (r = 0.981). Similarly,
policy recommendations are strongly correlated with regulatory support (r = 0.988). Notably, a per-
fect correlation is observed between the interaction terms of banking ESG x ecotourism opportuni-
ties and ecotourism opportunities x banking ESG (r = 1.000), indicating potential redundancy
between these variables. At the 5% significance level, asset allocation shows a strong correlation with
the interaction term between asset allocation and mutual fund ESG (r = 0.737), while mutual fund
ESG is also strongly correlated with this interaction (r = 0.767). Overall, these results indicate sub-
stantial statistical associations among the variables, although the strength of relationships varies
across significance levels (see Table 4).

Table 5 presents the bootstrapping descriptive statistics for both the inner (structural) and outer
(measurement) models of the ESG portfolio optimization framework, derived from empirical indica-
tors X133-Y231 using 50 resampling iterations. The mean and median values for the inner model
(ranging from -164.50 to -70.97) represent the central tendencies of the path coefficients, while the
standard deviations (12.744-33.860) indicate moderate sampling variability across constructs.
Skewness values close to zero (-0.003 to 0.140) and excess kurtosis near zero (-0.445 to -0.217)
confirm an approximately normal residual distribution. The Cramér-von Mises test statistics (0.029-
0.033), with p-values between 0.552 and 0.596, suggest adequate normality for the inner model
paths. Similarly, the outer model indicators (e.g., X133, X142, X351, and Y231) exhibit low standard
deviations (0.000-0.438) and minimal distributional deviations, indicating acceptable measurement
stability. Collectively, these results confirm that the model demonstrates sufficient reliability and dis-
tributional consistency for the PLS-SEM method.
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Bootstrapping descriptive statistics of the inner and outer models (obs. = 50)

Cramér-von Cramér-von
T Constructs Mean Median ~ Obs.Min  Obs. Max SD Kurtosis ~ Skewness Mises Mises (p-valti)
2 (Statistic) p-valu
g Policy Recommendations ~ -70.97  -71.69 -99.41 -419 12.74 -0.21 0.14 0.029 0.596
Portfolio Optimization -1645  -1624 -241.9 -84 33.86 -0.44 -0.003 0.033 0.552
Cramér-von Cramér-von
Indicators Mean Median Obs. min  Obs. max SD Kurtosis ~ Skewness  Mises (test Mises
statistic) (p-value)
X133 -0.00 -0.080 -1.379 1.218 0.438 -0.43 0.152 0.065 0.221
N X142 0.00 -0.005 -1.119 1.360 0.415 -0.40 0.060 0.063 0.233
;8 X242 0.00 0.000 -0.000 0.000 0.000 -1.18 0.129 0.170 0.001
§ X243 0.00 0.000 0.000 0.000 0.000 n/a n/a 4167 0.000
X351 0.00 -0.000 -0.000 0.000 0.000 33.79 5.422 1.357 0.000
Y112 0.00 0.000 -0.000 0.000 0.000 0.070 -0.716 0.074 0.088
Y226 0.00 -0.000 -0.000 0.000 0.000 -0.43 -0.124 0.081 0.066
Y231 -0.0 -0.000 -0.000 0.000 0.000 -0.49 0.003 0.067 0.209

Source: authors' work using SmartPLS.
Note: Banking ESG (X133; X142), ESG mutual funds (X242), asset allocation (X243), ecotourism opportunities (X351), portfolio
optimization (Y112), requlators (Y226), and policy recommendations (Y231).

Table 6 reports the R-square (R?) values, indicating that policy recommendations are strongly
explained by their predictors (R* = 0.984), with 98.4% of the variance accounted for by the exoge-
nous constructs. In contrast, portfolio optimization exhibits moderate explanatory power (R* =
0.444), implying that only 44.4% of its variance is explained by the independent variables. These
findings suggest the presence of substantial indirect or mediating effects, particularly through policy
recommendations and asset allocation.

Coefficient of determination (R?) of the ESG portfolio optimization model

Endogenous Variables R? Adjusted R?
Policy Recommendations 0.984 0.981
Portfolio Optimization 0.444 0.352

Source: authors' work using SmartPLS.

Figure 2 illustrates the structural relationships within the ESG portfolio optimization model
using empirical indicators X133-Y231 and 50 bootstrapped resamples. The strongest path is from
regulators to policy recommendations (f = 0.988), underscoring the dominant role of regulatory
support in shaping policy outcomes. In contrast, the paths from banking ESG to policy recommenda-
tions (B =-0.163) and from ESG mutual funds to portfolio optimization (§ = —0.062) exhibit weak or
negative effects. Moderate effects are observed for ecotourism opportunities on portfolio optimiza-
tion (B = 0.138) and for asset allocation on portfolio optimization (8 = -0.157), indicating predomi-
nantly indirect contributions. Likewise, the negative path from policy recommendations to portfolio
optimization (B = -0.491) suggests that policy measures alone do not improve portfolio outcomes
without strong regulatory mediation and strategic allocation support.
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1000— Y226

Asset_Allocation

1000— X243

1.000— Y12

1000— X351

Eco_Opp
Figure 2. Structural model of the ESG portfolio optimization framework

Source: authors' work using SmartPLS.

Table 7 shows that the structural model satisfies established PLS-SEM fit criteria. The SRMR
value of 0.073 for both the saturated and estimated models is below the recommended threshold of
0.08, indicating a satisfactory model fit with minimal differences between the observed and predic-
ted correlations.

The saturated and estimated models yielded the same discrepancy estimates, including a d_ULS
value of 145,234,431.037 and a d_G value of 0.071. These metrics represent differences between the
empirical and model-implied covariance matrices. Although there are no universally established
thresholds, the similarity between the saturated and estimated values indicates internal consistency
and supports model stability. In PLS-SEM, the Chi-square (x?) statistic is typically interpreted descrip-
tively rather than inferentially. The x? value for both the saturated and estimated models is 23.169,
reflecting the discrepancy between the observed and model-implied covariance structures. The rela-
tively small magnitude suggests that the model does not exhibit substantial deviations from the
observed data.

Table 7. Model fit indices of the saturated and estimated

Fit index Saturated model Estimated model
SRMR n/a 0.073
d_uLs 145,234,431.037 145,234,431.037
dG 0.071 0.071
Chi-square 23.169 23.169
NFI 0.900 0.900

Source: authors' work using SmartPLS.

The model fit assessment indicates that the structural model achieves an acceptable level of fit
based on PLS-SEM criteria (see Table 7). The SRMR value for both the saturated and estimated mod-
els is 0.073 (< 0.08), indicating a good fit. The Normed Fit Index (NFI = 0.900) meets the recom-
mended threshold (= 0.90), suggesting that the model substantially improves fit compared to the null
model. The discrepancy measures further support model adequacy, with consistent values between
the saturated and estimated models (d_ULS = 145,234,431.037; d_G = 0.071), indicating internal sta-
bility. The Chi-square value (x* = 23.169) is relatively small and, although interpreted descriptively in
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PLS-SEM, suggests no substantial deviation from the observed covariance structure. Overall, these
indices confirm that the model demonstrates satisfactory fit and is suitable for hypothesis testing and
structural interpretation.

These findings enhance understanding by demonstrating how ESG practices within institutions,
supportive policy frameworks, and opportunities in sectors such as ecotourism interact to improve
sustainable investment outcomes. This has important implications for green finance and sustainable
tourism development in emerging economies. The full dataset, SEM outputs, and computational code
used in this study are available from the corresponding author upon reasonable request and may also
be deposited in accordance with open data policies.

Figure 3 illustrates the moderating interactions among ESG, ecotourism variables, and portfolio
performance. The first interaction shows a negative moderation effect (8 = -0.000, f*> = 0.119), indi-
cating that higher ecotourism opportunities weaken the positive impact of banking ESG on portfolio
optimization, with values declining from 247 (-1 SD) to -453.147 (+1 SD). Asset allocation mediates
the relationship between ESG mutual funds and portfolio optimization (§ = -0.001, f> = 0.091), with
a weak positive moderation effect. Portfolio performance increases slightly from 282.88 (-1 SD) to
299.28 (+1 SD), indicating marginal improvement. Ecotourism opportunities also mediate the rela-
tionship between banking ESG and portfolio optimization (B = 0.000, f = 0.104), showing a synergis-
tic effect. Portfolio performance rises from 22.097 (-1 SD) to 38.597 (+1 SD), suggesting that aligned
ESG and ecotourism strategies enhance outcomes. Overall, although the moderation effects are weak,
they highlight the complementary roles of ESG practices, asset allocation, and ecotourism in sustain-
able portfolio optimization.
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Figure 3. Moderation effects in the ESG portfolio optimization
Source: authors' work using SmartPLS.

Discussion, limitations, and future research

The integration of ESG-based mutual fund portfolios, green banking performance, and ecotour-
ism investment opportunities in Indonesia’s new administrative capital can significantly promote
sustainable development aligned with the green vision of the IKN. This alignment is essential. An opti-
mal analytical framework can assist investors and policymakers in efficiently allocating resources to
achieve a balance between financial returns and positive environmental and social impacts. In par-
ticular, the PLS-SEM model examines interactions and mediation among portfolio variables, validated
through bootstrapping, goodness-of-fit tests, and focus group discussions with regulators, academ-
ics, and industry practitioners. Scenario and sensitivity analyses further ensure the robustness of the
model for sustainable finance and ecotourism policy recommendations. Stakeholder validation
through FGDs also supports the model’s applicability, highlighting its potential to guide sustainable
investment strategies that deliver financial returns while promoting environmental conservation and
community empowerment in the IKN.
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This study is grounded in six interconnected research areas that collectively form its conceptual
framework, elucidating how ESG practices, ecotourism investment, and policy mechanisms interact
to optimise sustainable portfolios.

First, banking ESG disclosure is supported by evidence indicating that banks operating in sensi-
tive industries tend to adopt stronger ESG practices, which enhance their risk profiles and improve
their positioning within sustainable finance (Garcia et al., 2017; Karki et al., 2025; Yameen et al,,
2024). ESG information is increasingly utilised by investors, while disclosure frameworks contribute
to greater transparency and standardisation. Drawing on Modern Portfolio Theory (MPT) and sus-
tainable finance principles, banking ESG disclosure reinforces policy relevance and risk-return
assessment, forming the foundation for hypotheses H1, H2, and H11.

Second, ESG mutual funds draw on the Theory of ESG Integration, which suggests that ESG rat-
ings influence diversification, downside risk, and portfolio performance (Chen et al., 2021; Sciarelli et
al,, 2021; Xidonas & Essner, 2024: Mishra et al., 2026). ESG criteria can be embedded into optimiza-
tion models (Ma, 2023), and prior studies show that ESG integration affects investor preferences and
perceptions of fund quality (Osuji & Alshaleel, 2025; Tampakoudis et al., 2023; Tiwari et al., 2024).
This provides support for hypotheses H3, H4, and H14.

Third, ecotourism investment is grounded in Institutional Theory. Ecotourism integrates conser-
vation, community welfare, and economic development (Parker & Khare, 2005). Prior studies show
that ecotourism supports economic growth but requires strong policy and financing mechanisms
(Qamruzzaman, 2023). Ecotourism readiness and potential (i.e., ecotourism opportunities) influence
institutional legitimacy and policy support, thereby shaping capital allocation and portfolio diversifi-
cation (Chirozva, 2015; Phelan et al.,, 2020; Pifieiro-Chousa et al., 2021). This underpins hypotheses
H5, H6, H12, H15, and H16.

Fourth, policy and regulation follow Stakeholder Theory, emphasising how policy frameworks
and regulatory instruments drive ESG adoption and capital allocation (Weston & Nnadi, 2023; Xiao et
al,, 2023). Regulators establish disclosure standards and sustainability expectations, and aligned pol-
icy systems are essential for effective ESG finance (Beebeejaun & Maharoo, 2024; Sumarta et al,,
2023; Prihandini, 2025). This informs hypotheses H7, H8, H13, H14, and H15.

Fifth, ESG-based asset allocation connects ESG drivers to portfolio construction, drawing on Cap-
ital Budgeting and Decision Theory. ESG criteria are increasingly embedded in optimization models
to balance risk, return, and sustainability (Chen et al., 2021; Mirza et al., 2025; Varmaz et al., 2024;
Wei & Zeng, 2025; Xidonas & Essner, 2024). Asset allocation serves as the decision mechanism that
translates ESG signals into portfolio weights, supporting hypotheses H10, H11, H12, and H16.

Sixth, mediation effects are rooted in Agency Theory. Prior studies show that ESG influences
financial outcomes through mediators such as innovation, financing structures, and reporting quality
(Chouaibi et al,, 2022; Rudianto et al., 2024). In the context of ecotourism, mediation occurs through
institutional arrangements and environmental behaviour (Huang et al., 2023). Accordingly, this study
positions policy recommendations and asset allocation as key mediators linking ESG inputs to port-
folio outcomes, forming hypotheses H13, H14, H15, and H16.

Together, these six research areas form an integrated framework illustrating how banking ESG
disclosure, ESG mutual fund ratings, ecotourism opportunities, policy and regulatory dynamics, and
ESG-based asset allocation collectively shape sustainable investment outcomes in emerging econo-
mies and green development contexts (Ahmad et al., 2023; Chen et al,, 2021; Garcia et al., 2017; Pri-
handini, 2025; Sciarelli et al., 2021). This study has several limitations that should be considered in
practical and academic applications. While the proposed framework provides actionable guidance
for banks, asset managers, and policymakers to align investments with sustainability and regional
resilience, its geographical scope and time-bound data may limit generalizability. Future research
should validate the model across different contexts and examine its dynamic behaviour under vary-
ing market and environmental conditions. Overall, the findings highlight the potential of ESG invest-
ment strategies to enhance financial performance while generating social and environmental value,
particularly in emerging economies Maiyarni et al (2026) and Wang, S., Hu, C., & Chen, S. (2024).
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Conclusions

A framework integrating green banking performance and ecotourism investment opportunities
in IKN buffer cities was developed and tested to enhance ESG-based mutual fund portfolios. Second-
ary data from financial reports and official government publications were analysed using a PLS-SEM
approach combined with mean-variance optimization, Monte Carlo simulation, and scenario analysis
for the period 2020-2024. The results indicate that green banking practices, policy recommenda-
tions, and asset allocation strategies jointly improve ESG portfolio efficiency and support long-term
regional growth.

The findings highlight strong causal relationships and mediation effects among regulatory sup-
port, banking ESG performance, and asset allocation in optimising ESG portfolios. Bootstrapping and
goodness-of-fit (GoF) tests confirm that the model demonstrates adequate validity and reliability. In
addition, the significant interaction between ESG performance and ecotourism potential suggests
a meaningful contribution to portfolio resilience under various scenarios. Mean-variance optimiza-
tion, supported by Monte Carlo simulations, shows that integrating ecotourism investments enhances
risk-adjusted returns without compromising ESG compliance, indicating diversification benefits. Fur-
ther validation through focus group discussions (FGDs) reinforces these results, confirming that the
framework is robust and applicable for developing sustainable investment strategies and policy rec-
ommendations in the IKN region.
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