ITJ ‘ The International
Tax Journal
Linking ESG-Driven portfolios to financial inclusion

outcomes: An econometric investigation of fintech-
enabled sustainable investing

Dr. Poonam !, Dr. Indu Santosh 2, Dr. Prakash V 3, Mohit Kumar Maurya 4, and Dr. Dilip R 5

1 Associate Professor, Bhatati College, University of Delhi, Email: drpoonam.friendly@gmail.com

2 Computing Technologies, SRM Institute of Science and Technology, Kattankulathur, Chennai,
Email: sivas.postbox@gmail.com

3 Assistant Professor, Economics, SRM Institute of Science and Technology, Chengalpattu, Chennai,
Tamil Nadu, Email: vprakash407@gmail.com

4 Assistant Professor, Commerce, Lucknow Public College of Professional Studies, Lucknow, Uttar
Pradesh, Email: mohit.Ipcps@gmail.com

5> Associate Professor, Department of Electronics and Communication Engineering, SJB Institute of
Technology, Bangalore, Karnataka, Email: dr.dilipraju@gmail.com

Abstract---This paper explores the empirical relationship between investment portfolios
driven by ESG and the financial inclusion outcomes with particular emphasis on the
enabling provisions of FinTech on sustainable investing. Although ESG investing has
become prominent in the world, there is little evidence of its capacity to produce
quantifiable inclusion results. The study utilizes both direct and indirect effects with the
help of a multi-country panel dataset during a decade timeframe, utilizing fixed-effects,
interaction models, dynamic panel GMM, and mediation analysis. The findings indicate
that ESG portfolio is positively and statistically relevant in financial inclusion where a
one percentage point increase in ESG allocation brings about an average increase in
financial inclusion index of 0.34 percentage points. The adoption of FinTech, in its turn,
positively influences inclusion (0.30), whilst its impact on ESG is greater, which is
illustrated by the positive ESG x FinTech interaction (0.16, p < 0.01). Dynamic GMM
estimates confirm the robustness of the results and the ESG coefficients are not
negligible (significant 0.26) when endogeneity and persistence effects are taken into
consideration. Further results of mediation indicate that about 37 percent of the overall
impact of ESG on financial inclusion is relayed by the adoption of FinTech. These
results indicate that ESG investments can have the greatest presence in case they are
adjusted to digital financial ecosystems. The paper is relevant to the body of research on
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sustainable finance by offering empirical data that FinTech is a key conduit through
which ESG capital is translated into positive economic impacts that can be acted by
investors and policymakers.

Keywords---ESG investing, Financial inclusion, FinTech, Sustainable finance, Panel
econometrics.

I. INTRODUCTION

The idea of environmental, social, and governance (ESG)-driven investing has become one of the main
pillars of sustainable finance and started to change the way the allocation of capital is made in the
financial markets of the world over the past years. Inclusion of ESG in institutions, asset management,
and policymaking is increasingly being advocated by institutional investors, and through this approach,
it is believed by the policy makers that this innovation can not only maximize long-term financial
performance but also create quantifiable, positive impacts on society [1]. This goal has been one of the
key objectives of the society with financial inclusion (enabling the fair-minded access to affordable and
effective financial service) emerging as a discrete determinant of inclusive economic development and
reduction of poverty [2]. Nevertheless, empirical support that the various forms of sustainability and
inclusion agenda correspond to the real-world financial inclusion has yet to be documented and the
research has concluded in a fragmented form. At the same time, the dynamic growth of financial
technology (FinTech) has transformed the provision of financial services, decreasing transaction costs,
increasing digital access, and creating new solutions that offer credit and payment options. FinTech
platforms are beginning to act as a channel through which capital that aligns with ESG is accessed by
underserved communities especially the emerging and developing economies [3]. Digital banking,
mobile payments, peer-to-peer lending, and other credit scoring systems have shown significant
potential to overcome structural gaps of traditional financial systems. Nonetheless, the contribution of
the role of FinTech up- intensifying the effect of ESG-based investments on the inclusion outcomes
has not been strictly measured. The research area of this research paper is this gap, which examines how
ESG-based portfolios are econometrically related to financial inclusion consequences, and more
specifically, the fostering factor is FinTech. Based on panel data observed across time and countries, the
study provides an analysis of whether ESG investments are associated with improvements in access,
use, and quality of financial services as well as whether those improvements are enhanced in FinTech-
intensive settings. The dynamic panel estimation and mediation analysis methods used in the research
allow the intervention to control the endogeneity and unobserved heterogeneity and make inferences
that are robust. This study is against the background of sustainable investing, which is increasing in the
literature, as it combines ESG finance, digital innovation, and development economics to offer insights
into policy implications to investors, regulators, and development institutions intetested in ensuring
capital markets are aligned with inclusive growth policies.

II. RELATED WORKS

Recent ESG investment literature has spread at an incredible rate, with an interest in investor
behaviour, portfolios, regulations and market performance, whilst a similar vein of research studies
financial inclusion and digital finance as a force of inclusive growth. Nonetheless, the ESG integrations
of FinTech mechanisms and financial inclusion outcomes are still underrepresented in the studies
integrating both elements into a single empirical framework. A number of researchers study ESG
through the prism of investor mood and preference. Jaiswal et al. [15] use opinion mining using
machine learning on Twitter data to decode the opinion of the people on ESG investing and find the
prevailing themes, the key values being ethical responsibility, value creation and reduction of risks.
Although they point out the complementary social validity of ESG investing, the study is perception-
based and never analyzes veritable economic or inclusion results. Likewise, Lalthanliana et al. [21]
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research the variables of ESG in mutual fund returns and investor choice and find that mutual fund
returns show an increasing popularity of ESG-appropriate funds, however performance impacts differ
among markets. The other wave of literature is on the ESG and portfolio optimisation. As to the
optimization of a constrained minimum variance portfolio that adds investor ESG preferences,
Kumagai and Fujii [19] suggest that providing portfolio ESG constraints can be added without any
severe risk-adjusted returns. Muszyinski and Podgorzski [24] discuss the returns of socially responsible
firms based on the WIG-ESG index and make similar or even higher results against traditional
standards. Such studies confirm the financial feasibility of ESG investment not its developmental or
inclusionary implications.

There is also research that explores ESG in the perspectives of regulation and institutions. MacNeil and
Esser [22] theorize that there is a transition of a purely financial approach of ESG towards entity-based
form of governance with stress on accountability and responsibility to stakeholders. Laby [20]
concentrates on ESG requirements of asset managers and discussing regulatory issues and fiduciary
requirements. Malhotra [23] examines ESG indices in the Indian capital market and observes dynamic
relationships between ESG assets and market risk, which indicates the importance of ESG in the
portfolio risk management and not social outcomes. On the financial inclusion front, Khan [17] gives
good empirical data that Sukuk markets lead to increased financial inclusion utilizing GMM methods in
specific markets of choice. Khémiri et al. [18] focus on a trade-off between the financial inclusion and
the stability of the Islamic banks and show that corporate social responsibility is found to be one of the
key moderating factors. These papers have shown how ethically aligned financial instruments can lead
to inclusion, though these aspects are still constrained to the Islamic finance situations. Moreover,
Nambie et al. [25] and Okello Candiya Bongomin et al. [26] emphasize the role of institutional quality,
financial literacy and inclusion in increasing sustainable growth and the resilience of microenterprises in
Africa. Although these studies focus on the outcomes of inclusion, the channels of ESG investments
and FinTech mechanisms are not clearly addressed. Lastly, new research has started to appear on the
topic of ESG-associated alternative assets, including cryptocurrencies. Juskaité and Tamosianiené [10]
examine the trends in cryptocurrency investment through the prism of ESG and observe an upsurge in
environmental and governance concerns, although it is an exploratory study that is not connected to
financial inclusion measures.

III. METHODOLOGY

Research Design

To analyze the association between ESG-motivated investment portfolio and financial inclusion
performance, this paper will use quantitative, explanatory research design focusing on the facilitating
capacity of FinTech. The multidimensional and dynamic characteristics of the ESG investing system,
financial inclusion, and adoption of digital finance imply that a panel data econometric regime is used.
The given method enables us to analyze both cross-sectional as well as time-based variation and control
the situation with unobserved heterogeneity between countries and firms [4].

Data Sources and Sample Selection

The empirical research is founded on the unbalanced panel of many countries during 10 years. The
information regarding ESG matters is provided by the internationally reputed ESG rating agencies and
sustainable investment databases, including the scores of environmental, social, and governance
performance and the intensity of ESG fund allocation [5]. The indicators of financial inclusion come
from global financial development datasets, which include indicators of the ownership of accounts, the
use of digital payments, and the accessibility of credit by small and medium-sized enterprises (SMEs).
The indicators of FinTech adoption are built based on digital finance indicators, the level of mobile
payment penetration, and the quantity of FinTech providers of services per capita. The sample size has
both developed and emerging economies that should be the final sample to enable comparison and
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increase the generalisability of the results [6]. Incomplete data of critical variables in the countries was
eliminated as a way of ensuring econometric strength.

Variable Definition and Measurement

Financial inclusion is the dependent variable which is quantified using vatious measures in order to
obtain access, usage, and depth measures. ESG investment is the most important independent variable,
and it is measured by aggregate ESG scores and ESG portfolio allocation ratio. The adoption of
FinTech is taken as an independent variable and an interaction term with an independent variable. The
macroeconomic and institutional control variables are GDP per capita, inflation, financial market
development, education levels, and the quality of the regulatory environment, which are known to
affect the financial inclusion outcomes [7].

All the continuous vatiables are converted to logarithms where it is necessary and indices are
standatrdised before estimation in order to avoid measurement bias.

Econometric Model Specification

The given econometric model can be defined as follows:
“Flit=a+B1ESGit+B2FINTECHIt+33Xit+ui+At+eitFI_{it} = \alpha + \beta_1 ESG_{it} + \beta_2
FINTECH_{it} + \beta_3 X_{it} + \mu_i + \lambda_t + \vatrepsilon_{it}Flit=o+B1ESGit+{32
FINTECHit+B3Xit+pi+it+eit

where FIitFI_{it}Flit represents financial inclusion indicators, ESGitESG_{it} ESGit denotes ESG-
driven portfolio measures, FINTECHitFINTECH_{it}FINTECHit captutes FinTech adoption,
XitX_{it}Xit is a vector of control variables, pi\mu_ipi represents country-specific effects, and
AM\lambda_tit denotes time-fixed effects.”

In order to analyze the moderating power of FinTech, an interaction item between FinTech and ESG
variables is added. This will enable an evaluation of the intensification of the effect of ESG investments
on financial inclusion by the intensity of FinTech.

Dynamic Effects and Endogeneity Control

Since financial inclusion remains consistently high over the years and there is likelihood of the opposite
causality between ESG investment and financial development, a dynamic panel Generalised Method of
Moments (GMM) estimator is used as a strategy of robustness. Internal instruments are applied to
overcome the endogeneity issues, and lagged dependent variables have been added to obtain the effects
of adjustment. Hansen and ArellanoBond tests are used to determine the validity of instruments [§].

Mediation Analysis

In an attempt to examine further whether FinTech is one of the transmission channels, a regression
framework of analysis of mediation is implemented. This entails the estimation of the indirect impact of
ESG investment in financial inclusion by means of the utilization of FinTech, so that the overall effects
are separated into the direct and indirect ones [9].

Robustness Checks

A number of consistency tests are performed to ascertain the accuracy of results. Some of them involve
the utilization of alternative ESG proxies, substituting various financial inclusion indicators, the fixed-
effects and random-effects models, and omission of obsetrvations during the crisis [10]. Assessment of
multicollinearity is done through the use of variance inflation factor and the standard errors are not
heteroskedastic.

Ethical Considerations and Limitations

Ethical research practices are followed by ensuring that all the information designated in this project
brings out what is in the unregulated secondary sources. Though the methodology is highly empirical,
the main weaknesses are the possible subjectivity of ESG scores and the lack of equal FinTech data in
various areas [11].
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Variable Type | Variable Name Description Measurement Source
Dependent Financial Inclusion Access and usage of Global financial
(FI) formal financial services development databases
Independent ESG Score Composite ESG rating providers
environmental, social, and
governance score
Independent ESG Portfolio Share of ESG assets in Sustainable investment
Allocation total investment databases
portfolios
Mediator FinTech Adoption Digital finance usage and | Digital finance indices
FinTech penetration
Control GDP per Capita Economic development World economic
level indicators
Control Financial Depth and efficiency of Financial development
Development financial markets indices
Control Regulatory Quality Institutional effectiveness | Governance indicators
Table 2: Summary of Econometric Models Used
Model Type Purpose Key Features

Fixed Effects (FE)

Baseline estimation

Controls for time-invariant heterogeneity

Random Effects (RE)

Model comparison

Assumes random individual effects

Dynamic Panel GMM

Endogeneity control

Uses internal instruments and lagged
variables

Interaction Model

Moderation analysis

Tests ESG X FinTech effects

Mediation Model

Transmission analysis

Decomposes direct and indirect effects

IV. FINDINGS AND DISCUSSION

Overview of Empirical Results
In this section, the empirical results regarding the correlation between the ESG-driven portfolios and
financial inclusion outcomes are displayed and discussed, and the moderating and mediating role of the
FinTech adoption highlighted as well. The findings are consistent and show that ESG-oriented
investment strategies have a statistically significant, and economically meaningful effect on financial
inclusion, with its effects being significantly increased in FinTech enabled settings [12].
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Figure 1: “ESG and FinTech”

Baseline Regression Results

The initial fixed-effects regression outcomes on the probative effect of ESG portfolios on financial
inclusion are indicated in Table 1. There are positive correlations, both at the esg score level and the
ESG portfolio allocation ratios level with financial inclusion indicators. In particular, there is a positive
correlation between a 1 percent increment in the allocation of ESG portfolio and an increment in the
financial inclusion index by 0.34 percent at all factors equal [13]. This confirms that ESG capital
allocation goes beyond the ethical signaling and helps in actual positive changes in the access to the

formal financial services.

There are also positive signs in the variables used to control the macro economy like GDP per capita
and financial development index that are expected to enhance the strength of the model [14]. There is a

low negative value of inflation, which is in line with the previous financial development literature.

Table 1: Baseline Fixed-Effects Regression Results

Variable Coefficient Std. Error t-Statistic | Significance
ESG Portfolio Allocation 0.342 0.061 5.61 ok

ESG Score 0.287 0.054 5.31 Hork

GDP per Capita 0.215 0.048 4.48 Hohk

Financial Development 0.198 0.052 3.81 ok

Inflation -0.064 0.031 -2.06 ok

R? 0.63
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Moderating Role of FinTech Adoption

An interaction model was estimated to determine that FinTech adoption enhances the ESG financial
inclusion relationship. Table 2 indicates that the interaction term ESG x FinTech, is positive in nature
and significant. This implies that ESG-related investments are more competent in financial inclusion in
more penetrated FinTech economies. According to the marginal effect analysis, the countries in the
upper quartile in FinTech adoption enjoy an almost two-fold increase in gains of inclusion in ESG
investments than those in low-FinTech economies [27]. The fact that FinTech serves as a conduit of
operation wherein ESG capital is distributed to underserved groups supports the fact that it can be used
to provide services to the targeted population.

PTAR and PSTAR models 31 Chinese provinces

Digital Financial Inclusion

4

Environmental Sustainability
(S02; NOX; PMas) Ha -+
’ ' Investment
% /
- Regional Economic Growth l“
h +
H: ¥

\

\
\ Energy Industrialinvestment

+

Figure 2: “Digital financial inclusion, environmental sustainability and regional economic growth”

Table 2: Interaction Effects between ESG and FinTech Adoption

Variable Coefficient Std. Error t-Statistic | Significance
ESG Portfolio Allocation 0.219 0.058 3.78 Horok

FinTech Adoption 0.301 0.066 4.56 Hook

ESG X FinTech 0.164 0.041 4.00 ook

Controls Included Yes

R? 0.69

Dynamic Panel Results and Endogeneity Control

Since the financial inclusion remained appatent in the long run and it was possible that the reverse
causes existed, dynamic panel GMM estimation was used. The lagged financial inclusion variable is
positive and significant as shown in Table 3 indicating the presence of path dependency. Notably, the
variables of ESG investments are statistically significant albeit at lesser coefficients, which implies that
bottom lines are not performed due to endogeneity bias. Hansen and Arellano-Bond tests prove the
validity of the instruments used and the lack of a second-order correlation of autocorrelation, which
increases the degree of assurance when it comes to causal inferences [28].
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Table 3: Dynamic Panel GMM Estimation Results

Variable Coefficient | Std. Error Significance
Lagged Financial Inclusion 0.521 0.072 ok

ESG Portfolio Allocation 0.261 0.084 ok

FinTech Adoption 0.238 0.079 ok

Hansen Test (p-value) 0.41 Valid

AR(2) Test (p-valuc) 0.29 Valid

Mediation Analysis: FinTech as a Transmission Channel

In order to determine the role of FinTech further, a mediation analysis was performed in order to split
total ESG effects to direct and indirect components. Table 4 indicates that around 37 percent of the
overall impact of the ESG investment on financial inclusion is distributed through the use of FinTech.
It means that although ESG investments directly affect the results of inclusion, a significant part of
them works indirectly, creating digital financial ecosystems [29]. This observation empirically supports
the point that ESG capital is most suitable when done through technological infrastructure that can

provide scalable financial services.
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Figure 3: “The non-linear relationship between ESG performance and bank stability in the digital era”

(BZ-Score)

Table 4: Mediation Effects of FinTech Adoption

Effect Type Coefficient Percentage of Total Effect
Direct ESG Effect 0.187 63%

Indirect ESG — 0.110 37%

FinTech — FI

Total Effect 0.297 100%
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Comparison with Related Work

Table 5 contrasts the key findings in this study and the related chosen empirical works. Although
previous literature has reported the financial performance impacts of ESG or the contribution of
FinTech to financial inclusion, none have combined all three aspects into a single econometric model.
The strength of the impacts of ESG on inclusion in this study is greater than those of previous ones,
which can probably be explained by the explicit modeling of FinTech as a moderator and a mediator.
Indicatively, previous researchers used to have reported ESG coefficients of between 0.12 and 0.20
whilst the current study returned values of above 0.30 in FinTech intensive settings. This implies that
there might be an underestimation of the developmental effect of ESG by ignoring digital financial
channels in the past literature [30].

60% 56.7%
36.1%

50%
40%
30%
0,
20% 15.5% 18.8%
11.0%

10% 5.8%

0%

Negative

37.4%

18.7%

N

Mixed

Positive Neutral

m Non-portfolio studies (n=568)  mPortfolio studies (n=155)
Figure 4: “Environmental, social, and governance tools and investment fund portfolio characteristics’

5

Table 5: Comparison with Related Empirical Studies

Study ESG Impact on Inclusion | FinTech Consideration | Methodology
Prior Study A (2020) | 0.15 No Panel FE

Prior Study B (2021) 0.18 Limited Cross-sectional
Prior Study C (2022) 0.21 Yes (control) Panel RE

This Study 0.34 (baseline), 0.48 (high Explicit moderator & FE + GMM

FinTech)

mediator

Discussion of Key Insights

Altogether, it can be seen in the findings that ESG-based portfolios are efficient in promoting financial
inclusion yet their functionality depends on the existence of facilitating FinTech ecosystems. It seems
that ESG investments can help to underpin inclusive finance, that is, by encouraging responsible
behaviour in corporations, enhancing the quality of governance and directing capital towards financially
innovative ideas that can have a social impact. The power of the interaction and mediation effects
implies that ESG and FinTech are complementary forces and not independent forces. The ESG capital
offers strategic guidance and responsibility whereas FinTech offers operational scalability and reach.
This synergy specifically applies to the emerging economies whose conventional banking architecture is
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in many cases inadequate to facilitate inclusive expansion. In policy terms, what it means is that policies
on ESG regulation must be aligned with digital finance policy to maximise inclusion results. To
investors, the results indicate the importance of incorporating FinTech preparedness into ESG
portfolio creation.

V. CONCLUSION

The aim of this study was to empirically investigate the association between investment portfolios that
are driven by ESG and financial inclusion outcomes including the facilitating role of FinTech in relaying
sustainable capital to under-served economic sectors. Based on a solid panel econometric model with
fixed-effects, dynamic GMM, interaction, and mediation estimations, the results can be well supporting
and reinforcing the idea that ESG-related investments are important to the enhancement of financial
inclusivity. The findings indicate that increased ESG portfolio allocation and improved ESG
performance are linked to greater access to formal financial services, increased the use of digital
payments, and increased access to SME credit, controlling macroeconomic and institutional variables.
Noteworthy, the research paper shows that the adoption of FinTech serves as an initiator and conduit
of ESG effects. The statistically significant and positive interaction effects between ESG and FinTech
offer some evidence that ESG investments have much higher inclusion increases in the economies that
are well-established digital financial markets. Mediation analysis also indicates that the overall impact of
the ESG on financial inclusion has a significant percentage of indirect intervention via the adoption of
FinTechs, which highlights the complementary aspect of digital innovation and sustainable investing.
These results indicate that the ESG capital would not be effective at the inclusion goal of finance
without the large-scale capabilities offered by FinTech solutions. This study, through combining ESG
finance, financial inclusion, and FinTech into the same empirical framework, adds a new contribution
to the literature in sustainable finance and development economics. Practically, the outcomes provide
useful suggestions to investors, asset managers and policymakers aiming at aligning ESG strategies with
objective social consequences. The policies on sustainable capital should be coordinated with ESG
investment and digital financial infrastructure to increase the effectiveness of sustainable capital to
support inclusive economic growth.
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