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ABSTRACT

Research Aims: This study investigates the impact of Artificial
Intelligence (AI) adoption and the Geopolitical Risk Index (GPR) on the
financial stability of Indonesia’s digital banking sector, specifically
examining profitability (ROA) and credit risk (NPL).

Design/methodology/approach: Using annual panel data from 2021-
2024 and employing regression and scenario-based simulations evaluates
both structural effects and conditional responses to varying GPR levels.

Research Findings: The findings reveal that higher Al adoption generally
enhances profitability and reduces credit risk under low to moderate
geopolitical risk. However, Al's influence remains statistically
insignificant, while GPR significantly decreases NPL, indicating
conservative lending behavior during uncertainty. Operational efficiency
and capital adequacy are identified as key internal factors influencing
profitability.

Theoretical Contribution/Originality: This study contributes to the
understanding of digital banking resilience by integrating econometric
and simulation techniques, providing policy insights that emphasize
adaptive credit risk frameworks, Al-driven risk management, and capital
buffer adjustments amid geopolitical volatility.

Research limitations and implications: These findings imply that
digital banks should prioritize strengthening operational efficiency and
capital buffers, while leveraging Al adoption and GPR monitoring as
supportive tools to mitigate potential pressures on profitability and credit
quality. This research model can be recalibrated using GPR data to predict
NPL spikes and ROA declines
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INTRODUCTION

Global geopolitical pressures have created various consequences and disruptions for
various sectors, including the financial industry. Global geopolitical uncertainty triggers
financial sector instability, such as exchange rate depreciation, panic-induced capital inflows
and outflows, and even disrupts monetary stability (Bekaert et al., 2012). Global geopolitical
pressures also impact Indonesia, which is involved in various international activities
(Caldara & Ilacoviello, 2018). This statement is supported by data from the Global
Geopolitical Risk (GPR) Index, which shows that although Indonesia's geopolitical pressure
remains relatively low, ranging from 0.01 to 0.07, this figure spiked in the first quarter of
2022 (0.065) during Russia's invasion of Ukraine. Furthermore, data from Indonesia's
Economic Policy Uncertainty (EPU) Index also shows fluctuations between 100 and 300,
peaking during the pandemic and leading up to the elections (Baker et al., 2016).

Amidst these uncertainties, Indonesia's digital banking sector undoubtedly faces
significant challenges, particularly the need to maintain stability, resilience, and profitability
amidst global uncertainty (World Bank, 2014). The digital banking sector deserves special
attention, given its technology-based and automated operations, which make it more
sensitive to external shocks. Geopolitical pressures can trigger tight liquidity, payment
system disruptions, and even a decline in customer trust (Bussmann et al,, 2021). In such
conditions, systems and technologies that are more adaptive and responsive to risk and
uncertainty, such as Artificial Intelligence (AI) (Akter et al., 2019), are needed.

Al offers various advantages that benefit digital banking operations in Indonesia,
including increased operational system efficiency, strengthened risk resilience, and
improved overall service quality (Mikalef et al,, 2020). In practice, Al can be applied in
various aspects, including as an automated answering machine (Al Customer Service), as
machine learning for credit scoring, and even to detect potential defaults in prospective
financing customers (Lee & Shin, 2018). Furthermore, in the long term, Al can also be used
in macro analysis, which can strengthen resilience to various external pressures and risks,
such as geopolitical pressures (Caldara & lacoviello, 2018). This statement is supported by
research by Mikalef et al. (2018), which shows that the use of big data analytics and Al can
improve and strengthen a company's capabilities in facing external environmental
uncertainty (Mikalef et al., 2020).

Several digital banks in Indonesia have begun adopting Al as a step to modernize and
automate their operational systems and to increase their long-term competitiveness
(Thabhawee, 2025). However, the level of Al utilization by digital banks in Indonesia still
varies. For example, Bank Jago and SeaBank have integrated Al into their operational
systems and services, while others are still in the early stages of implementation (OJK, 2023).
Investment in Al technology is also uneven, with the adoption of advanced features like Al-
based underwriting or integration with technology startups still limited. This is due to
differing readiness levels among digital banks. This statement is supported by research by
Ferdosi & Tarek (2019), which shows a gap in readiness among digital banks in adopting Al.
However, to support the successful implementation of a strategy, digital readiness,
infrastructure, and the ability to adapt to new technologies are necessary (Deng & Karia,
2025).
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In addition to increasing the effectiveness and automation of digital bank operations,
the use of Al has a positive impact on bank financial performance, particularly on
profitability and stability ratios. Simply put, through automation with Al, banks' Return on
Assets (ROA) will increase due to reduced operational costs due as the replacement of
several functions will be replaced by Al (Brynjolfsson & McElheran, 2016). At the same time,
in terms of stability, Al can reduce NPLs by improving the accuracy of credit risk evaluations
and early fraud detection (Agustiawan, 2024).

In conditions of high geopolitical tension, Al capabilities can assist in risk management
and mitigation by providing adaptive responses to maintain the stability and financial
performance of digital banks (Oztiirk & Kula, 2021). Several previous studies have shown
that optimal use of Al can increase the resilience and competitiveness of financial
institutions (Akter et al., 2019). Furthermore, research by Wang & Choi (2023) Additionally,
it shows that integrating Al into credit decision-making can reduce subjective bias and
significantly enhance the accuracy of risk evaluations. Bughin et al. (2017) Also emphasized
the importance of machine learning in detecting financial fraud and strengthening banks'
early warning systems. Meanwhile, on the service side, research by Shaban & Al-Hawatmah
(2024) shows that Al not only increases cost efficiency but also improves the quality of
customer relationships through personalized digital services.

However, empirical studies integrating political pressure and Al adoption into the
financial performance and resilience indicators of digital banks in Indonesia are still
relatively limited (Feyen et al., 2021). Therefore, this study aims to fill this gap by analyzing
the relationship between Al adoption, geopolitical pressure (GPR Index), and performance
variables such as ROA and NPL. More specifically, the objectives of this study are: (1) to
identify the level of Al adoption in digital banks in Indonesia; (2) to analyze the impact of Al
adoption and geopolitical pressure on digital bank performance using panel data regression
analysis; and (3) to simulate the sensitivity of digital bank performance to variations in
geopolitical pressure and Al readiness levels using a sensitivity analysis approach.

With a sensitivity simulation approach and panel data regression, this study is
expected to explore various scenarios of geopolitical change and technology adoption
dynamically, thereby enhancing understanding of the financial sector's resilience to external
shocks (Saltelli et al,, 2010). Thus, for policymakers such as the Financial Services Authority
(OJK), the results of this study can be used to develop a risk-based financial technology
supervisory framework, develop a data-driven and performance-impact-driven banking
digitalization roadmap, and design risk mitigation schemes that are more adaptive to
external pressures.

LITERATURE REVIEW
Dynamic Capabilities Theory

Dynamic Capabilities Theory (DCT) was developed by Shuen (2017) As an extension of
the Resource-Based View (RBV). This theory focuses on an organization's ability to
dynamically create, expand, or modify internal resources and capabilities in response to
rapid and uncertain environmental changes. In the context of digital banking, external
pressures such as geopolitical tensions, technological disruption, and market volatility are
important drivers of the need for high adaptive capabilities (Saputra & Hardjono, 2024).
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Alonso & Kok (2018) divide dynamic capabilities into three main components: (1) Sensing:
The organization's ability to identify opportunities and threats from the environment, such
as Al adoption or geopolitical risks. (2) Seizing: The ability to capture opportunities through
investment and organizational restructuring. (3) Transforming: The ability to overhaul
internal assets and processes to remain competitive and efficient.

In the digital banking industry, the adoption of Artificial Intelligence (Al) technology is
a form of dynamic capability because it enables banks to respond efficiently to external
pressures. Al plays a role in automating decision-making, improving operational efficiency,
and strengthening resilience against risks such as non-performing loans (NPL) and declining
profitability (ROA). A study by Hossain et al. (2022) states that banks that are able to develop
sensing and seizing capabilities through Al have better resilience in facing external
pressures. Additionally, research by Gomez & Heredero (2020) shows that digital banks that
build Al-enabled capabilities can enhance adaptability to crises and maintain financial
performance stability.

Framework TOE (Technology-Organization-Environment)

The Tec hnology-Organization-Environment (TOE) Framework was introduced by
Eveland & Tornatzky (1990) it is a theoretical approach at the organizational level to explain
the adoption of new technology. The TOE Framework is considered an effective
organizational theory in describing how unique organizational context characteristics
influence the process of adopting and implementing innovation (Li, 2020). The TOE
Framework was introduced by Tornatzky (1990) has three main complementary
dimensions: technology, organization, and external environment. These three dimensions
form an analytical framework for understanding the factors that influence organizational
decisions in adopting technological innovations such as Artificial Intelligence (Al),
particularly in the digital banking sector (Khatib, 2023).

The TOE Framework is widely used in technological innovation studies due to its ability
to integrate internal and external perspectives into a single integrative model (Baker et al,,
2016). In the digital banking sector, Al adoption is significantly influenced by digital
infrastructure readiness (technology), management support and budget allocation for
innovation (organization), as well as global geopolitical tensions and financial regulations
(environment). As stated by Sheriffdeen (2024)external pressures, such as geopolitics, can
drive banks to strengthen their digital resilience through the implementation of Al-based
technologies. The TOE Framework provides a comprehensive foundation for understanding
variations in Al adoption levels among digital banking institutions, which ultimately impact
financial performance differences, including profitability efficiency through Return on Assets
(ROA) and the effectiveness of credit risk management reflected in the Non-Performing Loan
(NPL) ratio (Ali et al., 2021).

Theory Integration

In this study, the integration between Dynamic Capabilities Theory (DCT) and the TOE
Framework is carried out by positioning TOE as a contextual framework that explains the
determinants of Al adoption, while DCT is used to understand the internal strategic
capabilities of organizations in effectively utilizing this technology. The TOE Framework
explains how organizations adopt technology based on technological, organizational, and
external environmental factors (Eveland & Tornatzky, 1990; Oliveira et al., 2014). On the
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other hand, DCT explains why organizations require dynamic capabilities to absorb, adapt,
and optimize technologies like Al as a source of competitive advantage in the face of
uncertain environmental changes (Shuen, n.d.; Teece, 2018). The integration of these two
approaches provides a more comprehensive understanding of how an organization's
contextual readiness (TOE) and internal strategic capacity (DCT) interact in determining the
success of Al-based technology adoption and implementation in the digital banking sector
(Heredero et al., 2020; Khatib, 2023).

The combination of these two studies provides a more complete understanding of the
mechanisms of Al adoption and its impact on bank performance indicators such as Return
on Assets (ROA) and Non-Performing Loans (NPL). In situations of high geopolitical
pressure, banks with strong sensing and seizing capabilities, supported by technological
readiness, flexible organizational structures, and regulatory resilience, will be able to
maintain financial stability and operational efficiency (Kou et al., 2019; Sheriffdeen, 2024).
The Development of Artificial Intelligence (Al)

The development of digital technology drives systemic transformation in banking,
including the increasing demand for fast, secure, and adaptive services. One of the widely
adopted strategic technologies is Artificial Intelligence (AI), which mimics human
intelligence in recognizing patterns, making decisions, and solving problems automatically
(Sulistyowati et al., 2023).

Based on the findings in the McKinsey & Company working paper, the adoption of
Artificial Intelligence (Al) in the banking sector yields four main strategic benefits, namely
increased profitability, large-scale personalization, tapping into the omnichannel market
(online shopping), and enhancing innovation within the company (Kamalnath et al., 2023).
The study also revealed that nearly 60% of large-scale banking institutions have integrated
Al into their banking business processes. Most of the banking industry, including digital
banking, utilizes Al for virtual assistant services (robotic customer service) as a tool for fraud
detection and real-time risk monitoring (OJK, 2022). Al is adopted by the financial sector at
various levels. The implementation of Al can start from the most basic level, such as the use
of chatbots or Al customer service to assist customers. At a higher level, Al implementation
can involve the use of machine learning in credit scoring or risk modeling in banking (Arner
et al,, 2017; Lee & Shin, 2018). The commitment of the financial sector to implement Al is
also evident from collaborations or partnerships with Al startups or Al-based Fintech,
allocation of capital expenditures specifically for Al, and even the establishment of special Al
or Data Science units (Arner et al,, 2017; Thabhawee, 2025). The combination of these
indicators provides a comprehensive picture of the organization's commitment and
readiness to integrate Al as part of the digital transformation (Johnk et al.,, 2021). The
implementation of Al also supports the transformation of services towards a faster, more
personalized, and flexible accessible digital format through various channels such as mobile
banking, internet banking, and other digital platforms (Bhaskaran & Sudhir, 2018). However,
this progress also poses challenges such as data security risks, privacy, and digital inequality
(Vardalachakis et al., 2024). In the global context, Al has the potential to strengthen the
resilience of financial systems, especially in developed countries. However, its impact varies
depending on the level of technological readiness and the economic structure of each country
(Omri, 2020). This study views Al not only as an operational technology but also as a
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determining factor in simulating financial resilience measured through ROA and NPL
indicators, as well as sensitivity to geopolitical pressures.

HYPOTHESIS DEVELOPMENT
Artificial Intelligence (Al) Adoption and Return on Assets (ROA)

The adoption of Artificial Intelligence (AI) by the banking sector has been an important
catalyst in strengthening the competitiveness and operational efficiency of digital banks
(Oztiirk & Kula, 2021). Al enables banks to process big data in real time, accelerating
decision-making that directly impacts profitability (Manukyan & Parsyan, 2024). Research
in the United States shows that the acquisition of FinTech companies and Al patent
ownership by large banks significantly increases Return on Assets (ROA) (Boyrie & Pavlova,
2025). In the Middle East, Al has proven to be a positive moderator between financial
leverage and bank performance measured through ROA (Shaban & Al-Hawatmah, 2024).

Studies in Indonesia also found that digital banking, including Al, has a significant
positive impact on ROA, especially in large-scale banks (Setiawan & Prakoso, 2024). Similar
results were also found in India, where internet banking as a form of Al application was
proven to increase overall bank ROA (Karimzadeh & Sasouli, 2013). Thus, the higher the level
of Al adoption in digital banks, the greater the potential for these banks to increase their
profitability through Return on Assets (ROA) (Rauf & Qiang, 2014).

H1: The adoption of Artificial Intelligence (Al) has a positive effect on Return on Assets
(ROA) in Digital Banks in Indonesia from 2021 to 2024.

Artificial Intelligence (AI) Adoption and Non-Performing Loan (NPL)

The adoption of Artificial Intelligence (Al) in the banking sector provides more
sophisticated and accurate credit data analysis capabilities, reducing the risk of errors in
lending (Oztiirk & Kula, 2021). The implementation of machine learning and Al-based early
detection systems enables banks to identify patterns of customer behavior that could
potentially lead to credit problems (Manukyan & Parsyan, 2024). Al also supports more
objective credit scoring systems that can be adjusted in real-time, reducing the likelihood of
granting loans to high-risk customers (Boyrie & Pavlova, 2025).

Empirical studies show that banks that are more digital and adopt Al technology have
lower Non-Performing Loan (NPL) rates compared to conventional banks (Setiawan &
Prakoso, 2024). Additionally, Al enables continuous tracking and evaluation of loan
performance, allowing for corrective actions before defaults occur (Rauf & Qiang, 2014). Al
can also be used in faster, data-driven loan restructuring decision-making systems,
accelerating the recovery of problematic loans (Karimzadeh & Sasouli, 2013). Thus, the
application of Al in credit risk management has been proven to contribute to a significant
reduction in NPL rates in various global banking systems (Rauf & Qiang, 2014).

H2: The adoption of Artificial Intelligence (AI) hurts Non-Performing Loans (NPLs) at
Digital Banks in Indonesia in 2021-2024.

Geopolitical Pressure and Return on Assets (ROA)

Geopolitical Risk (GPR) creates high economic uncertainty, which can hamper banking
sector activity and reduce profitability, such as ROA (Yildirim & Sanyal, 2022). When
geopolitical risk increases, financial intermediation costs tend to rise due to increased risk
premiums and investor caution (Trinh & Tran, 2023). A decline in investment flows and
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increased market risk due to geopolitical conflicts can reduce banks' revenue growth
potential, thereby pressuring ROA (Boungou & Urom, 2025). Long-term studies indicate that
GPR has a significant negative impact on bank profitability ratios, including Return on Assets,
particularly in developed countries (Behn et al., 2025). Research by (Banna et al.,, 2023)
shows that increased geopolitical tensions are significantly negatively correlated with ROA,
especially in financial institutions with global exposure or digital business models. This
occurs because GPR increases funding costs and market uncertainty, thereby reducing the
effectiveness of asset allocation and bank expansion strategies (Yildirim & Sanyal, 2022).

In the context of developing countries, such as the Middle East and Africa, bank's
sensitivity to geopolitical risk is even higher, and ROA is vulnerable to such external
pressures (Adel & Naili, 2024). Geopolitical uncertainty has been shown to erode bank
stability by reducing profit margins and worsening capital structure (Phan et al.,, 2022).
Overall, geopolitical tensions systematically hurt ROA by reducing operational efficiency and
the quality of digital bank assets (Nguyen & Thuy, 2024).

H3: The GPR Index hurts Return on Assets (ROA) at Digital Banks in Indonesia from 2021 to
2024
Geopolitical Pressure and Non-Performing Loan (NPL)

Geopolitical pressures increase macroeconomic uncertainty, causing income and
liquidity volatility for customers, thereby increasing the risk of loan defaults (Yildirim &
Sanyal, 2022). Unstable geopolitical conditions, such as war or economic sanctions, often
result in a decline in debtors' repayment capacity, directly contributing to an increase in the
Non-Performing Loan (NPL) ratio (Bhowmik & Sarker, 2024). Cross-country studies show
that spikes in the geopolitical risk index impact bank solvency and increase problem loans
through the transmission of fiscal and monetary uncertainty (Phan et al., 2022). In the
context of developing countries, political risk also exacerbates domestic economic
conditions, weakens payment systems, and triggers a surge in NPLs in the banking sector
(Adel & Naili, 2024).

A high Geopolitical Risk Index (GPR) also hinders foreign investment and worsens the
business climate, negatively impacting companies' ability to repay bank loans (Choudhury,
2025). Other research shows that geopolitical shocks directly increase credit risk exposure,
particularly for digital banks with technology-based loan portfolios lacking strong physical
collateral (Behn et al., 2025). In general, the higher the geopolitical tension, the greater the
NPL risk borne by the banking sector due to declining public confidence and payment
capacity toward the financial system (Boungou & Urom, 2025).

H4: The GPR Index has a positive effect on Non-Performing Loans (NPL) at Digital Banks in
Indonesia from 2021 to 2024.

METHODOLOGY

This study uses a quantitative approach that combines sensitivity analysis and panel
data regression analysis. As a first step, this study will conduct a scenario-based sensitivity
analysis to explore the impact of the adoption of Artificial Intelligence (Al) technology and
geopolitical pressures on the resilience of the digital banking sector in Indonesia. This
approach is relevant for mapping the influence of changes in input variables on outcomes,
particularly in the context of external uncertainties such as global geopolitical volatility and
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digital transformation of the financial sector (Saltelli et al., 2010). Sensitivity analysis is also
considered more flexible than conventional regression in simulating strategic policy
scenarios and analyzing various possible outcomes (Pianosi et al., 2016). In the face of
increasing global uncertainty, sensitivity simulation is a superior analytical approach for
evaluating the extent to which variations in external variables and technology such as
geopolitical risk (GPR) and artificial intelligence (AI) adoption can impact the financial
resilience of digital banks, particularly regarding the Return on Assets (ROA) and Non-
Performing Loans (NPL) indicators. Additionally, this method enables the systematic
exploration of various hypothetical scenarios, providing a more realistic picture of the
potential impacts and adaptive responses of the banking sector to both technological
pressures and innovations (Saltelli et al., 2010). After conducting a sensitivity analysis, this
study also uses panel data regression analysis to strengthen the validation of findings by
analyzing the relationships between variables.

Data

The type of data used in this study is panel data from 10 (ten) digital banks in the period
2021-2024. The data was collected from various sources, including annual reports published
by digital banks on their respective websites, publications from the Financial Services
Authority (O]JK) and Bank Indonesia (BI), as well as data from the Geopolitical Risk Index
(GPR Index) from Matteo lacoviello's official website
(https://www.matteoiacoviello.com/gpr.htm). The inclusion criteria for the sample in this
study are digital banks officially registered with the OJK, namely Bank Jago, SeaBank, Allo
Bank, Bank Aladin Syariah, Blu by BCA, Neo Bank, TMRW by UOB, Digibank, Motion Bank,
and Jenius. Additionally, supporting literature was obtained from studies by institutions such
as McKinsey, the IMF, and academic publications related to the impact of Al and geopolitical
risks on the financial sector (Caldara & lacoviello, 2018).

In general, this study has three variables, namely the dependent variable, the main
independent variable, and other independent variables as control variables. The dependent
variables in this study consist of two variables that reflect financial resilience and
sustainability, namely Non-Performing Loans (NPL) and Return on Assets (ROA). The use of
these two dependent variables is based on the possibility that the use of Artificial
Intelligence (AI) does not directly impact the reduction of NPL in the short term, but rather
first impacts the profitability of digital banks. ROA is defined as net income after tax divided
by total bank assets (ROA = Net Income / Total Assets), while NPL is calculated as total
problem loans divided by total loans granted (NPL = Non-Performing Loans / Total Loans).
Both variables are measured in percentage form and obtained from each bank's annual
financial statements.

In addition, The main independent variables in this study consist of two variables. First,
the level of Al adoption, which is classified into three categories: Low (0-2), Medium (3-5),
and High (6-7), as assessed in Table 1. Al adoption is measured using a cumulative proxy
score derived from six indicators adopted from prior studies. Since the analysis uses annual
panel data from 2021-2024, the Al score is recalculated for each bank year by examining
that year’s disclosures, including annual reports, digital banking reports, and public
statements. Each indicator is coded based on its presence or absence in that specific year,
allowing the score to vary dynamically over time. This approach captures the progression or
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regression of technological integration within each digital bank and produces a comparable
annual Al adoption score across the four years.

Table 1.
Artificial Intelligence (AI) Adoption Score
Indicator Score References
Chatbot Al/ Al Customer Service Yes=+1; No=0 Lee & Shin (2018); Arner

etal. (2020)
Al Credit Scoring/ Al Risk Modelling Yes=+2; No=0 Zhangetal. (2022); Lee &
Shin (2018)

Al Start-up Partnership Yes=+1; No=0 Arner etal. (2020)

IT/AI Capital Expenditure Yes=+1; No=0 Zhangetal. (2022); Arner
etal. (2020)

Specific Al Unit/Data Science Yes=+1; No=0 Zhang et al. (2022)

Mention Al in the report >3 times Yes=+1; No=0 Zhang et al. (2022)

The data indicate that most institutions started with very low adoption levels in 2021
(scores between 0 and 5), followed by a sharp technological escalation in 2022 as they
introduced Al-enabled credit scoring, automated customer service, and data-driven risk
management tools. By 2023-2024, almost all banks converged at the highest score range (6-
7), reflecting a sector-wide shift toward mature Al integration. This uniform acceleration
demonstrates not only the diffusion of Al capabilities but also a competitive pressure among
digital banks to upgrade their technological infrastructure within a relatively short period.

The second independent variable is the GPR (Geopolitical Risk Index) as a
representation of global geopolitical pressure. GPR data was obtained from Matteo
lacoviello's official website (www.matteoiacoviello.com/gpr.htm) for the period 2021-
2024. GPR values are categorized into three simulated scales: Low (0-90), Medium (91-
150), and High (>150), with these ranges determined based on the historical distribution of
global GPR values. Optional control variables include the Capital Adequacy Ratio (CAR),
which is the ratio of capital to risk-weighted assets (CAR = Capital / Risk-Weighted Assets);
BOPO, which is the ratio of operational expenses to operational income; Total Assets, as a
measure of bank scale; and Digital Investment, measured as the percentage of capital
expenditure (CAPEX) for digitalization relative to total assets or total capital expenditure,
depending on the availability of data in each bank's annual report.

Analysis Technique

The analysis in this study was conducted using three approaches. First, semi-
regression linear modeling based on coefficient parameters assumed from the literature for
each Al and GPR scenario. Second, visualization of simulation results in the form of heatmaps
to illustrate the sensitivity of changes in ROA and NPL to input variations. Calculations and
visualizations were performed using Python software, employing libraries such as NumPy,
pandas, and seaborn for data computation and mapping through the Visual Code Studio
application. This approach was chosen for its ability to explain results intuitively, even for
non-technical decision-makers (Hunter, 2007).

Third, as a complement to the sensitivity analysis, this study also implemented panel

data regression analysis with STATA 17 to test the significant effect of Al adoption levels and
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the GPR index on digital bank performance. The regression model was used to detect the
empirical linear relationship between independent and dependent variables, thereby
providing statistical justification for the scenario simulations constructed (Wooldridge,
2010). Panel data regression analysis was conducted using model specification tests to
determine the best estimation technique, namely the Chow Test and the Hausman
Test/Lagrange Multiplier Test. Based on the results of the Chow Test and Hausman Test
conducted, the Random Effect Model (REM) is the most appropriate estimation technique
for this study.

RESULT AND DISCUSSION

The main objective of this study is to analyze the impact of Artificial Intelligence (AI)
adoption and geopolitical pressure (Geopolitical Risk Index/GPR) on the performance and
resilience of digital banks in Indonesia, specifically through two main indicators, namely
Return on Assets (ROA) and Non-Performing Loans (NPL). The analysis was conducted using
two approaches, namely Sensitivity Analysis and panel data regression analysis. Thus, the
discussion results will be presented in five (5) subsections, namely: 1) Descriptive Statistics;
2) Descriptive Correlation Analysis using a Heatmap; 3) Panel Data Regression Analysis
Results; 4) Scenario-Based Sensitivity Simulation, which will be divided into two parts,
namely its impact on ROA and NPL; and 5) interpretation of the strategic implications of
empirical findings. This approach aims to comprehensively describe the dynamics of
interaction between technological factors and external risks on the stability of the digital
banking sector. The findings in this section are expected to not only contribute academically
but also provide practical relevance for regulators and policymakers in developing
technology-based financial transformation strategies.

Descriptive Analysis
Tabel 2.
Statistic Descriptive

Variable Obs Mean Std. Dev. Min Max
ROA 40 -0.88225 4.267547 -13.71 4.76
NPL 40 0.8675 0.99943 0 3
AdopsiAl 40 5.8 2.138775 0 7
GPR_int 40 125.24 17.30842 105.35 142.28
LN_TA 40 16.42732 2.483626 9.30919 19.30072
CAR 40 63.3285 73.18875 9 390.5
BOPO 40 111.977 71.26455 52.38 428.4
LN_DIG 40 10.79137 2.835872 0 14.84838
DIG_TA 40 6.054577 20.28277 0 117.7643

Source: Data Processed, Stata 17 (2025)

Although the panel consists of 40 observations, the dataset reflects the entire
population of licensed digital banks in Indonesia, rather than a sampled subset. Therefore,
the purpose of the econometric analysis is not statistical generalization to a wider universe,
but analytical generalization within the specific industry context. In small population
settings, panel data estimation remains valid because the identification relies on within-
entity and across-time variation rather than sample size asymptotics. Furthermore, the
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structure of the data (balanced panel, complete coverage of all digital banks, and meaningful
year-to-year variation in the key variables) provides sufficient information to estimate the
coefficients reliably. Therefore, the findings should be interpreted as population-level
insights for Indonesia’s digital banking sector, not as broad cross-country generalizations.

Descriptive statistics in Table 2 of this research data show that the average Return on
Assets (ROA) of banks in the sample is -0.88 percent with a standard deviation of 4.27
percent. This negative average value indicates that, in general, many banks experienced
operational losses during the observation period, and the variation among these banks was
quite high. The level of Artificial Intelligence (Al) adoption is quite high, with an average
value of 5.8 on a scale of 0 to 7, meaning that most banks have implemented most of the Al
aspects measured in this study. However, variation is still evident, with a standard deviation
of 2.14.

The Government Policy Response Index (GPR_int) has an average value of 125.24 with
arelatively narrow spread, namely a standard deviation of 17.31, indicating that government
policies in responding to macroeconomic dynamics are active but tend to be stable during
the study period. In terms of company size, the log total assets (LN_TA) shows that the banks
studied have a very diverse scale, with log values ranging from 9.31 to 19.30 and an average
of 16.43, indicating diversity in operational scale among banks.

The Capital Adequacy Ratio (CAR) shows very high and scattered values, with an
average of 63.33 percent and a standard deviation of 73.19 percent. This could be due to the
presence of highly overcapitalized banks, possibly small banks with large capital relative to
their total assets, or the presence of unprocessed outliers. The BOPO ratio (operating
expenses to operating income) averaged 111.98 percent, meaning that operating expenses
generally exceeded operating income. This indicates low operational efficiency in many
banks during the study period. The spread is also high, with a standard deviation of 71.27
percent.

In terms of credit risk, Non-Performing Loans (NPL) averaged 5.13 percent with a
standard deviation of 10.23 percent. This figure indicates that some banks still face relatively
high levels of non-performing loans, with some banks having extremely high NPLs of nearly
95 percent. This could be a strong signal of weak risk management and credit quality in
certain banks.

Meanwhile, the digitalization index measured through LN_DIG shows an average value
of 10.79, with moderate dispersion (standard deviation of 2.84), indicating that the level of
digitalization among banks is uneven—some banks are highly advanced in digitalization,
while others are still lagging behind. Finally, the DIG_TA ratio, or total digitalization budget
to total assets, shows an average of 6.05 percent with a very high dispersion (standard
deviation of 20.28 percent). This indicates that there are banks that allocate a significant
amount of their budget to digitalization, even up to more than 100 percent of total assets,
which is likely due to the very small scale of assets or outliers in the data.

Overall, the results of this descriptive statistical analysis show that there is
considerable heterogeneity among banks in terms of financial performance, operational
efficiency, credit quality, and Al technology adoption. Therefore, further panel regression
analysis is needed to gain a deeper understanding of how factors such as Al adoption, credit
risk, and government policies impact bank profitability in Indonesia.
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Descriptive Analysis: Heatmap Correlation

To understand the complex interactions between artificial intelligence (Al) adoption
and geopolitical pressures (GPR Index) on digital bank performance, researchers used visual
methods such as heatmaps, which are considered superior in analyzing multivariate
scenarios. Wilkinson & Friendly (2009) stated that heatmaps not only display the strength
of correlations between variables but also depict sensitivity patterns in a visual format that
is easier to understand and analyze.

In the context of this study, researchers used a heatmap to simulate how the
combination of Al adoption scores and geopolitical risk levels (GPR index) impacts two key
indicators of banking stability: Return on Assets (ROA) and Non-Performing Loans (NPL).
This approach allows for visual mapping of outliers and optimal zones, providing a strategic
overview for risk-based policymaking and digital readiness(Ferdosi & Tarek, 2019).
Furthermore, this analysis aligns with the systemic approach, which emphasizes the
importance of data-driven scenario planning in macroprudential supervision, particularly
when the financial system is under high external pressure (Cerra et al., 2021).

Based on the results of the data analysis and visualization, Figure 1 shows a heatmap
of the correlation between variables in this study. The colors shown in the heatmap in Figure
1 have several meanings: 1) Red or bright orange indicates a high positive correlation
between two variables; 2) Blue or dark colors indicate a high negative correlation; and 3)
White or neutral colors indicate no significant correlation between two variables.
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Figure 1. Heatmap Correlation
Source: Data Processed, Phyton (2025)

The relationship between ROA and other variables shows some variation. First, ROA
and Al Score show a moderate positive correlation (0.37). This visualization indicates that
Al adoption contributes to a moderate increase in profitability through the operational
efficiency of Al-based services already implemented by digital banks in Indonesia. This
finding aligns with Kou et al. (2022), who stated that the adoption of intelligent technology
in the financial system improves financial performance. This is certainly possible because Al
plays a role in automating operational processes, accelerating services, and reducing costs,
thereby increasing the efficiency and profits of digital banks (Brynjolfsson & McElheran,
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2016). Other studies also show that the application of Al in financial decision-making, such
as calculating credit scores, can accelerate workflow processes, reduce the risk of human
error, and support predictive analytics for profit optimization (Bughin et al, 2017).
Therefore, this correlation confirms the strategic role of Al in boosting the competitiveness
of digital banks through profitability.

Second, ROA and the GPR Index show a weak positive correlation (0.29). This could
indicate that under certain conditions, rising GPR is actually responded to with aggressive
strategies that positively impact ROA. In other words, in conditions of immediate geopolitical
tension, digital banks respond more adaptively and aggressively, thereby increasing ROA. In
the literature, this condition is known as the 'strategic resilience' effect, where organizations
are able to maintain or even improve financial performance in an uncertain external
environment (Deng & Karia, 2025). Furthermore, digital technologies such as Al are
considered to act as a buffering mechanism that mitigates the negative impact of geopolitics
on profitability through efficiency, automation, and strengthening data-driven decision-
making systems (Agustiawan, 2024).

Third, ROA and NPL show a weak positive correlation (0.12). This means that changes
in ROA are not significantly followed by changes in NPL, and vice versa. In the context of this
sample, the low correlation value indicates that the two indicators are influenced by
structurally different factors. Profitability (ROA) may be more affected by internal dynamics
and operational efficiencies related to technology (such as Al). Meanwhile, NPL is more
sensitive to external pressures such as geopolitical fluctuations.

A study by Sarazin et al. (2019) shows that the correlation between ROA and NPL can
be very low during crises or macroeconomic uncertainty, because ROA reflects broader and
more dynamic financial performance results, while NPL reflects more stable or slower-
changing asset quality. Furthermore, Thabhawee (2025), in a study in the European region,
found that a low correlation between NPL and ROA often occurs in banks with diversified
revenue sources or strong credit reserves. This phenomenon suggests that profitability-
enhancing strategies do not always have a direct impact on reducing credit risk. Therefore,
separate interventions and monitoring are required for each indicator.

On the other hand, researchers also found a variable relationship between NPL and the
Al adoption and GPR Index variables. First, NPL and Al Score showed a very weak positive
correlation (0.13). This indicates that Al adoption has not had a significant impact on
reducing the NPL ratio. This is likely due to the early stages of Al implementation in several
digital banks in Indonesia, where technology utilization is still limited to basic functions such
as chatbots and has not been fully implemented in more complex credit risk assessment
processes (Alt et al,, 2018). Furthermore, a study by Bussmann et al. (2021) showed that the
effectiveness of Al in risk mitigation will only be seen when the integration of machine
learning for credit scoring and credit portfolio monitoring has reached system maturity
(Yuniarti et al., 2024). Therefore, this correlation score emphasizes the need for increased
technology investment and the development of data-driven decision-making capacity so that
Al can contribute significantly to sustainable NPL reduction.

Second, the NPL and GPR Index show a weak negative correlation (-0.16). This weak
negative correlation contradicts the theory that geopolitical pressures will worsen credit
quality. However, this finding can be explained by the relatively small size of digital banks in
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Indonesia, with low exposure to high-risk sectors or cross-border activities vulnerable to
geopolitical pressures (Yuniarti et al, 2024). Furthermore, some digital banks are still in
their early stages of growth with conservative loan portfolios, so their impact on NPLs has
not yet been fully reflected (Behn et al,, 2025). This negative correlation may also indicate
that geopolitical uncertainty tends to encourage digital banks to tighten lending policies,
thus reducing the potential for non-performing loans. Therefore, these results suggest that
digital banks' risk mitigation strategies in the face of global pressures require further study
through a longitudinal approach or more specific portfolio segmentation.

Interestingly, the correlation between the Al Score and the GPR Index shows a strong
positive correlation (0.64). This indicates that as global geopolitical pressures increase,
digital banks are tending to increase their adoption of Al. This phenomenon can be
interpreted as a strategic response to an uncertain external environment, where technology
is used as an adaptive tool to strengthen operational and financial resilience (Akter et al.,
2019). A study by Wang & Choi, (2023) also emphasized that Al is a crucial instrument in
addressing geopolitical uncertainty through predictive analytics capabilities and automated
decision-making (Phan et al., 2022). However, this relationship could also be a temporal
coincidence, given that the post-COVID-19 pandemic period and Russia-Ukraine tensions
simultaneously fueled the push for banking digitalization and Al adoption across various
sectors.

Regression Analysis Results

This study uses panel data regression analysis to examine the effect of Artificial
Intelligence (AI) adoption, geopolitical pressure (GPR Index), and financial variables on
profitability and credit risk in digital banking in Indonesia on Return on Assets (ROA) and
Non-Performing Loans (NPL). The analysis was conducted systematically through the stages
of model selection testing, classical assumption testing, and regression result interpretation.

For the model with ROA as the dependent variable, the Chow test results showed a p-
value of 0.0011, indicating that the fixed effect (FE) model is superior to the pooled OLS
model. However, the Hausman test results showed a p-value of 0.9753, so the selected model
was the random effect model because it was more statistically efficient and consistent with
the RE assumptions that were not violated. For the model with NPL as the dependent
variable, the Chow test results produced a p-value of 0.000, indicating that the fixed effect
model was more appropriate than pooled OLS. However, the Hausman test result of 0.3105
indicates that the random effect model is the best estimation technique for this model. Thus,
both models in this study use the random effect approach.

Furthermore, Table 3 shows the results of panel data regression analysis for the
dependent variables ROA and NPL, which are influenced by Al adoption and geopolitical
pressure (GPR_int) and other financial variables.
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Tabel 3.
Panel Data Regression Analysis Result
: ROA NPL
Variabel (RE Model) (RE Model)
AdopsiAl 0,270 0,0112
(0,330) (0,0935)
GPR_int -0,008 -0,0239**
(0,035) (0,00989)
LN_TA -0,280 0,104
(0,278) (0,0787)
CAR 0,031%** -0,0091 2%**
(0,011) (0,00305)
BOPO -0,066*** 0,00347
(0,010) (0,00274)
DIG_TA -0,015 -0,00855
(0,037) (0,0104)
Constant 8,636 2,335
(6,951) (1,971)
Observations 40 40
R-squared 0,631 0,459

Standard errors in parentheses
*** p<0,01, ** p<0,05, * p<0,1
Source: Data Processed, Stata 17 (2025)

Table 3 shows that the ROA model has an R-squared value of 0.631, which means that
approximately 63.1% of the variation in ROA can be explained by the independent variables.
The analysis results indicate that the Capital Adequacy Ratio (CAR) has a significant positive
effect on ROA (coefficient 0.031; p < 0.01), indicating that as the level of capital adequacy
increases, bank profitability tends to rise. Conversely, BOPO has a significant negative effect
on ROA (coefficient-0.066; p < 0.01), indicating that the higher the operational costs relative
to operational income, the lower the bank's profitability.

Other variables such as Al Adoption, GPR_int, LN_TA, and DIG_TA are not statistically
significant, although they are still theoretically relevant in influencing ROA. The
insignificance of Al Adoption's effect on ROA may be due to several factors. First, the adoption
of Al by banks may still be in the early stages of implementation, so its impact on profitability
is not yet optimal. Al technology requires time for effective integration into operational
systems and decision-making processes. This aligns with the findings of Li (2020), who state
that the impact of Al on bank profitability will only become significant in the long term after
the technology is strategically and uniformly adopted across all operational lines of the bank.

Meanwhile, geopolitical pressure (GPR_int), which represents the international policy
response of governments to global crises or changes, also does not have a significant impact

on the ROA of digital banks. This can be explained because this index is macro and general in
nature, so it may not have a direct impact on micro banking financial performance. A study
by Boug et al. (2023) shows that macro policies such as fiscal and monetary stimulus only
have a significant impact if they are translated into direct interventions in specific industries,
including the banking sector. Thus, GPR_int may reflect broader external conditions and is
not detailed enough to explain variations in bank profitability specifically.
Some coefficients in the model do not reach statistical significance, which can be
attributed to the limited number of observations and the relatively large set of explanatory
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variables that reduce the degrees of freedom. Nevertheless, the direction and magnitude of
the coefficients remain theoretically consistent and aligned with previous empirical studies
on small-N panel settings (Anderson & Hsiao, 1981; Baltagi, 2008). Therefore, despite
statistical constraints, the regression results still offer meaningful insights into the
relationship among variables within the Indonesian digital banking context.

The NPL model showed an R-squared value of 0.4034, indicating that 40.34% of the
variation in NPL can be explained by the independent variables in the model. The regression
results show that the GPR_int variable has a significant negative effect on NPL (coefficient -
0.020; p < 0.01). In the context of this research, this indicates that when geopolitical
pressures increase, the level of non-performing loans in the Indonesian digital banking
sector decreases. This finding is interesting, as the digital banking sector is generally more
adaptive and responsive to changing global conditions, including geopolitical pressures.
Digital banks operating with technology-based systems and infrastructure tend to
implement risk management more quickly because they are cloud-based. This enables digital
banks to anticipate potential increases in NPLs amid global uncertainty. This argument is
supported by research conducted by Demma et al. (2024) which shows that banks with high
levels of digitalization demonstrate greater resilience because they are more flexible in credit
allocation and risk portfolio management.

This phenomenon can be explained through two approaches. First, when global
geopolitical uncertainty increases, domestic monetary and fiscal authorities tend to respond
with protective policies or stimulus to maintain the stability of the national financial system.
This can certainly reduce credit risk in the banking sector, as explained by Caldara &
lacoviello (2018). They found that an increase in the geopolitical index makes regulators
more focused on maintaining financial system stability. Second, in an uncertain geopolitical
situation, households and companies are considered more cautious in borrowing, which
indirectly reduces the potential for non-performing loans.

This rationale can be understood through exploration of data obtained by researchers.
For example, PT Bank Jago Tbk and PT Bank Neo Commerce, known for their real-time
technology-based risk monitoring systems, are certainly able to respond more quickly to
changes in risk exposure, including those triggered by global tensions. These digital banks
also tend to minimize aggressive credit expansion during times of uncertainty, thereby
reducing the likelihood of an increase in NPLs. This statement is reinforced by reports from
DailySocial.id (2023) dan Kompas.com (2023), which state that Bank Jago and Bank Neo
Commerce are actively developing Al-based risk modeling and analytics to maintain the
quality of their loan portfolios during periods of global uncertainty. A study by Rolando &
Mulyono (2024) also supports these findings, showing that digital banks in Indonesia have
adaptive internal mechanisms for data-driven risk management. Thus, digital banks in
Indonesia have the potential to avoid credit exposure as a negative impact of global
uncertainty.

Conversely, the variables Al Adoption, Total Assets (LN_TA), Capital Adequacy Ratio
(CAR), Operational Expense to Operational Efficiency Ratio (BOPO), and Digital Investment
to Total Assets (DIG_TA) did not have a significant effect on NPL. The insignificance of Al
Adoption in reducing NPLs may reflect that this technology has not been optimally utilized
for credit risk management, such as in credit scoring or fraud detection processes. Research
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by Chen & Siklos (2022) also reveals that the effectiveness of Al in reducing credit risk is
highly dependent on the integration of Al into the core functions of bank risk management,
which may not yet be widely implemented in the context of banks in Indonesia.

In general, the regression analysis results in this study indicate that operational
efficiency and capital adequacy are the factors that most consistently influence digital banks'
profitability performance. Meanwhile, global geopolitical pressures play a significant role in
reducing credit risk. This finding strengthens the argument that digital banks' resilience to
macroeconomic and geopolitical conditions can be a key competitive advantage, especially
when supported by technology and adaptive risk management. On the other hand, the role
of technology and digitalization, such as Al, has not yet demonstrated a statistically
significant impact on profitability or credit risk. This analysis indicates that technology
optimization in this sector still requires time and a more comprehensive approach.
Sensitivity Simulation of Al and GPR on ROA & NPL

In policy research, scenario-based sensitivity simulations can provide a more specific
and tested picture of the marginal effects of each variable (Sarazin et al., 2019). Furthermore,
sensitivity simulations allow readers to compare the relative impacts of each analyzed
change scenario (Hendry & Pretis, 2023). Therefore, the results of this research can help
regulators develop more structured, simulation-based risk mitigation strategies and
planning (Saltelli et al,, 2010).

Figure 2 shows the sensitivity simulation results to project how the combination of Al
adoption levels and geopolitical pressure (GPR) affects ROA levels.
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Figure 2.
ROA simulation based on Al adoption and GPR Index
Source: Data processed, Phyton (2025)

There are three scenarios to examine how the combination of Al adoption levels (Al
Score) in digital banks and geopolitical pressure (GPR Index) affects ROA. First, in the
scenario of low Al adoption (score 0-2) and a low GPR Index. In this scenario, financial
performance remains negative, with ROA ranging from -42 to -41. This figure reflects
suboptimal operational processes and asset management. Despite stable external conditions
(low GPR), banks are deemed unable to translate this stability into profitability. One of the
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main causes is the low adoption of Al, which also results in suboptimal operational efficiency.
Furthermore, portfolio optimization and risk prediction are not yet automated and adaptive.
As stated by Brynjolfsson & McElheran (2016), Al has significant potential to improve
business process efficiency and productivity in the financial sector through process
automation and predictive analytics. Without the support of intelligent technology, financial
institutions still rely on manual or semi-digital processes, which are slow, expensive, and
inaccurate. This worsens profit margins and causes performance to remain weak despite
minimal external pressure.

Second, ROA in the moderate Al adoption scenario (3-5) has begun to contribute to
improved financial performance. This is reflected in the ROA value improving from -42 to -
39. This data indicates increased operational efficiency and improved analytical capabilities
in asset management and risk prediction. However, moderate external pressures (GPR Index
111.2) remain a barrier to achieving positive profitability. Therefore, despite promising
initial results from Al, geopolitical uncertainty remains a major limiting factor in profit
growth.

The third scenario involves high levels of Al adoption (score 6-7) and high geopolitical
pressure. These conditions play a significant role in reducing banking profits, resulting in
ROA falling to -54. Although Al technology has been implemented at a high level (score 6-7),
its sophistication is insufficient to withstand the impact of increasing global macroeconomic
uncertainty. This indicates that when geopolitical tensions reach extremes, the impact on the
financial sector is systemic and difficult to mitigate through technological innovation alone.
A study by Jacobs (2004) shows that a surge in geopolitical risk can lead to excessive caution
in investment, an increase in risk premiums, and a decline in credit and consumption growth.
Furthermore, Choudhury (2025) emphasized that exposure to systemic shocks, such as
geopolitical crises, can spread rapidly within the global financial network. This condition can
worsen profitability even with technological mitigation instruments. Therefore, synergy
between technological sophistication and adaptive macro policy strategies is essential in
addressing such global pressures.

Furthermore, Figure 3 shows the results of NPL sensitivity simulations based on the
adoption of Al and the GPR Index.
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Figure 3. NPL simulation based on Al adoption and GPR Index
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Source: Data Processed, Phyton (2025)

Sensitivity simulation scenarios for NPLs were also conducted in three scenarios: low,
moderate, and high. First, under conditions of low Al adoption (score 0-2) and a low GPR
Index. Under stable geopolitical conditions, reflected by a low GPR index (105.35), the
financial system exhibits relatively good stability, with NPLs in the range of 53-54. This
indicates that in a calm macroeconomic environment with minimal external disruption,
financial institutions have the ability to maintain credit quality. The still-minimal use of Al
also indicates that technology has not yet made a significant contribution to risk
management. However, stability is maintained due to conducive external factors. According
to research by Chen & Siklos (2022), macroeconomic stability tends to have a greater impact
on banking asset quality than technological intervention in the early stages of
implementation. Therefore, in this scenario, the financial system is in a moderate and
controlled condition without the need for a major technological boost.

Second, at a moderate level of Al adoption (score 3-5) and a moderate GPR Index
(111.2), there was an increase in NPLs from 53-54 to 55. This indicates that the use of Al has
not been fully effective in offsetting the increase in external risks. At this stage, the
technology is still undergoing integration and adaptation, so its contribution to credit risk
management is still limited. Furthermore, the increase in GPR reflects global uncertainties
such as geopolitical conflicts, trade tensions, or aggressive foreign policies, which can trigger
an increased risk of default. In other words, while Al can help project risk, it is not yet fully
capable of containing external pressures arising from geopolitical fluctuations (Li, 2020).

Third, at a high level of Al adoption (score 6-7) and a high GPR index. In conditions of
very high geopolitical instability, as reflected by a spike in the GPR Index to 142.13-142.28,
this situation will give rise to significant systemic pressure on the financial sector. Although
the Al score is at the highest level (7), indicating the use of advanced technology in risk
management, the drastic increase in NPLs to 70 indicates that technological sophistication
is not sufficient to offset the exogenous impacts of global political tensions. This is in line
with the findings of Jacobs (2004) who showed that escalating geopolitical risks can disrupt
financial market stability despite a strong technological foundation. Furthermore,
Choudhury (2025) emphasized that crises stemming from uncertain investor expectations
and macroeconomic shocks are very difficult to mitigate with conventional or technology-
based risk management tools. In this scenario, Al is not a strong enough damper to mitigate
extreme global uncertainty, resulting in a significant spike in the non-performing loan ratio.
Comparative Sensitivity Interpretation

This sensitivity simulation shows that both the adoption of Artificial Intelligence (AI)
technology and geopolitical pressures, reflected in the Geopolitical Risk (GPR) index, play a
significant role in determining the stability of credit risk (NPL) and financial performance
(ROA) of financial institutions, particularly digital banks in this context. In the low GPR and
low Al (weak scenario), the financial system appears stable in terms of credit risk, with NPL
values within the safe range (53-54), although profitability (ROA) remains negative. This
situation indicates that external stability has not been sufficiently leveraged to drive internal
efficiency, which is typically achieved through technology adoption. Low Al results in
suboptimal operational efficiency and risk prediction.

Meanwhile, in the moderate GPR and moderate Al scenarios (moderate scenario), Al's

contribution to performance improvement began to be evident. NPLs only experienced a
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small increase. This indicates that technology is starting to play a role in maintaining asset
quality despite increasing geopolitical pressures. Meanwhile, ROA improved from -42 to -39,
also indicating increased efficiency and risk management. However, Al capabilities did not
fully mitigate external impacts. Conversely, in the high GPR and high Al scenarios (extreme
scenario), very high geopolitical pressure triggered a significant spike in NPLs to 70 and a
drastic drop in ROA to -54. This demonstrates that no matter how robust a technological
system, the systemic impact of geopolitical risk cannot be fully mitigated by technological
approaches alone. Technology remains vulnerable to global-scale external shocks, as
evidenced by the study by Arner et al. (2017).

CONCLUSION

This study comprehensively combines scenario-based sensitivity analysis and panel
data regression analysis. This combined research method aims to evaluate the impact of
Artificial Intelligence (Al) adoption and the geopolitical risk index (GPR) on profitability
(ROA) and credit quality (NPL). Sensitivity simulation results indicate that increased Al
adoption generally correlates with increased ROA and decreased NPL, particularly in low to
moderate geopolitical risk scenarios. However, this correlation tends to weaken at high GPR
levels, indicating that external risks can hinder the effectiveness of technology if not
supported by adequate organizational readiness and risk mitigation systems.

Meanwhile, the results of panel regression analysis reinforce that, to date, the adoption
of Al has not shown a statistically significant effect on ROA and NPL. This can be understood
in the context of ongoing digital transformation, particularly as the strategic use of Al is still
limited and uneven across the banking sector. Nevertheless, empirical evidence from several
digital banks in Indonesia that have achieved the maximum Al score (7) demonstrates the
significant potential of Al in enhancing efficiency and strengthening banking resilience.

On the other hand, the GPR index has been proven to have a negative and significant
impact on NPL, paradoxically indicating that banks tend to tighten their credit policies when
geopolitical uncertainty increases. Adaptive Al-based risk management strategies enable
digital banks to react more quickly to these external dynamics.

Overall, these findings indicate that although Al and GPR have not yet had a significant
direct impact on short-term quantitative data, both are strategic factors that need to be
integrated into long-term banking sector policies. The adoption of Al needs to be developed
comprehensively and systematically, supported by adequate regulations, human resources,
and digital infrastructure. Meanwhile, macro risk management needs to actively anticipate
and respond to GPR dynamics to maintain financial sector stability amid increasing global
uncertainty. This research provides a strong foundation for policymakers, banking
authorities, and industry players to formulate adaptive digital transformation strategies and
contextual prudential policies based on data and scenarios.

POLICY RECOMMENDATIONS
Based on the results of this study, the following are several related policy

recommendations:

1.  Strengthening Al technology and governance strategies by formulating adaptive and
dynamic regulations in the financial sector. For example, accommodating innovations
such as machine learning for credit scoring, robotic process automation (RPA), and
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real-time detection. In addition, it is necessary to implement algorithmic audits of Al
models used by digital banks/financial institutions to avoid systemic risks from black-
box Al, such as data bias, decision accountability, and robustness in market stress
conditions.

2. Systemic stabilization against geopolitical pressures, such as increasing credit portfolio
diversification by sector or geography to minimize risk concentration. In addition,
digital banks can implement an Al-based Early Warning System (EWS) to detect
macroeconomic and geopolitical turmoil. This research model can be recalibrated
using GPR data to predict NPL spikes and ROA declines.

3.  Enhancing institutional capacity and human resources by conducting specialized Al
training for risk management, particularly in default techniques, stress-testing
measurements, and capital optimization for risk analysts and portfolio managers.
Additionally, digital banks can collaborate with Al start-ups or fintech companies to
accelerate real-time technology transfer and risk innovation.

4.  Enhance Al integration in macroeconomic and financial policies, namely by increasing
the use of Al by financial regulators or central banks to detect systemic risk
accumulation and design predictive data-based policies, including simulations of the
impact of GPR on the financial system. In addition, as research shows that technology
is not sufficient to withstand extreme GPR pressures, central banks need to strengthen
liquidity buffers, for example, through countercyclical capital buffers.

5. Optimizing Al implementation, namely by developing an Al Maturity Framework for
the financial sector that measures Al integration not only from an infrastructure
perspective, but also in terms of business functionality and governance. Furthermore,
to increase Al adoption in digital banking operations, authorities can provide
incentives such as reduced reporting burdens or sandbox policies for banks that have
proven capable of reducing NPLs or increasing ROA through empirically measurable Al
integration.

6. Use a crisis-response strategy based on Geopolitical Risk Intelligence (GPI), namely by
opening up opportunities to use the global GPR index as an early warning signal in
credit risk management, especially for highly adaptive digital banks. In addition,
regulators need to encourage digital banks to develop credit portfolio policies that are
responsive and adaptive to the GPR Index, for example through adjusted risk-weighting
or capital buffers calibrated to global GPR volatility.

REFERENCES
Adel, N., & Naili, M. (2024). Geopolitical risk and banking performance: evidence from
emerging economies. Journal of Risk Finance , 25(4), 646-663.

https://doi.org/10.1108/JRF-10-2023-0243

Agustiawan, D. A. (2024). Digital Banking Transformation Al Enhances Efficiency And
Customer Experience Seminar Perspective Industry. WACANA: Jurnal Ilmiah IImu
Komunikasi, 23(1), 191-200. https://doi.org/10.32509 /wacana.v23i1.4130

Akter, S., Bandara, R., Hani, U., Fosso Wamba, S., Foropon, C., & Papadopoulos, T. (2019).
Analytics-based decision-making for service systems: A qualitative study and agenda for

124



Prajasari / JBMIB, Vol. 4 No. 2, 2025

future research. International Journal of Information Management, 48, 85-95.
https://doi.org/10.1016/j.ijinfomgt.2019.01.020

Ali, M. A, Hussin, N., Haddad, H., Alkhodary, D., & Marei, A. (2021). Dynamic Capabilities and
Their Impact on Intellectual Capital and Innovation Performance. Sustainability, 13(18),
10028. https://doi.org/10.3390/su131810028

Alt, R, Beck, R.,, & Smits, M. T. (2018). FinTech and the transformation of the financial
industry. In Electronic Markets (Vol. 28, Issue 3, pp. 235-243). Springer Verlag.
https://doi.org/10.1007/s12525-018-0310-9

Arner, D. W, Barberis, J., & Buckley, R. P. (2017). FINTECH AND REGTECH IN A NUTSHELL,
AND THE FUTURE IN A SANDBOX.
https://ssrn.com/abstract=3088303FinTech.indb218/07/175:27PMElectroniccopyav
ailableat:https://ssrn.com/abstract=3088303

Baker, S. R, Bloom, N., Davis, S. ., Jorring, A., Kost, K., Al-Kuwari, A., Biffar, S., Boehnke, ]J.,
Dashkeyev, V., Deriy, O., Dinh, E., Ezure, Y., Gong, R,, Jindal, S., Kim, R,, Klosin, S., Koh, ],
Lajewski, P, Nebiyu, D., ... Katz, L. (2016). Measuring Economic Policy Uncertainty.
www.policyuncertainty.com

Bank, W. (2014). Global Financial Development Report 2014: Financial Inclusion.
https://www.worldbank.org/en/publication/gfdr/gfdr-2014 /overview

Banna, H., Alam, A, Alam, A. W,, & Chen, X. H. (2023). Geopolitical Uncertainty and Banking
Risk: International Evidence. https://doi.org/10.2139/ssrn.4325966

Behn, M., Lang, ]. H., & Reghezza, A. (2025). 120 years of insight: Geopolitical risk and bank
solvency. Economics Letters, 247, 112168.
https://doi.org/10.1016/j.econlet.2025.112168

Bekaert, G.;, Hoerova, M.;, & Lo Duca, M. (2012). Standard-Nutzungsbedingungen.
https://hdl.handle.net/10419/144441

Bhaskaran, M., & Sudhir, ]. S. (2018). A study on latest trends in Banking Technology &
Innovation. International Journal of Management Studies, V(4(3)), 38.
https://doi.org/10.18843/ijms/v5i4(3)/06

Bhowmik, P. K., & Sarker, N. (2024). Non-performing loans (NPLs) and non-performance:
evidence from South Asian banks. International Journal of Research in Business and
Social Science (2147- 4478), 13(2), 197-206.
https://doi.org/10.20525/ijrbs.v13i2.3235

Boug, P, Brasch, T. von, Cappelen, A., Hammersland, R, Hungnes, H., Kolsrud, D., Skretting, J.,
Strgm, B., & Vigtel, T. C. (2023). Fiscal policy, macroeconomic performance and industry
structure in a small open economy. Journal of Macroeconomics, 76.
https://doi.org/10.1016/j.jmacro.2023.103524

Boungou, W,, & Urom, C. (2025). Geopolitical tensions and banks’ stock market performance.
Economics Letters, 247,112093. https://doi.org/10.1016/j.econlet.2024.112093

Brynjolfsson, E., & McElheran, K. (2016). The rapid adoption of data-driven decision-making.
American Economic Review, 106(5), 133-139. https://doi.org/10.1257 /aer.p20161016

Bughin, ], Brussels, |, Hazan, E., Paris, |, Ramaswamy, S., Washington, |, Chui, M., Francisco, S.,
Allas, T.,, & London, |. (2017). ARTIFICIAL INTELLIGENCE THE NEXT DIGITAL FRONTIER?
www.mckinsey.com/mgi.

125



Prajasari / JBMIB, Vol. 4 No. 2, 2025

Caldara, D., & lacoviello, M. (2018). Measuring Geopolitical Risk. International Finance
Discussion Papers, 2018.0(1222), 1-66. https://doi.org/10.17016/ifdp.2018.1222
Cerra, V,, Fatas, A, & Saxena, S. C. (2021). Fighting the scarring effects of COVID-19. Industrial

and Corporate Change, 30(2), 459-466. https://doi.org/10.1093/icc/dtab030

Chen, H., & Siklos, P. (2022). Crawford School of Public Policy CAMA Centre for Applied
Macroeconomic Analysis Central bank digital currency: A review and some macro-
financial implications CAMA Working Paper 12/2022 February 2022.

Choudhury, T. (2025). US sectors and geopolitical risk: The investor’s perspective. Finance
Research Letters, 73, 106690. https://doi.org/10.1016/.frl.2024.106690

DailySocial.id. (2023). Karim Siregar Iringi Jalan Bank Jago Sembari Bangun Talenta
Engineering. https://news.dailysocial.id /tech-business/corporate /karim-siregar-
iringi-jalan-bank-jago-sembari-bangun-talenta-engineering

de Boyrie, M. E., & Pavlova, 1. (2025). Bank acquisitions of Al and FinTech: impact on
performance. Managerial Finance, 51(5), 797-817. https://doi.org/10.1108/MF-04-
2024-0314

Demma, C., Ferri, G., Orame, A., Pesic, V., & Vacca, V. (2024). Banks’ operational resilience
during pandemics.

Deng, Q., & Karia, N. (2025). How ESG Performance Promotes Organizational Resilience: The
Role of Ambidextrous Innovation Capability and Digitalization. Business Strategy &
Development, 8(1). https://doi.org/10.1002/bsd2.70079

Eveland, |., & Tornatzky, L. G. (1990). Technological Innovation as a Process (pp. 27-50).

Ferdosi, B. ]., & Tarek, M. M. (2019). Visual Verification and Analysis of Outliers Using Optimal
Outlier Detection Result by Choosing Proper Algorithm and Parameter (pp. 507-517).
https://doi.org/10.1007/978-981-13-1498-8_45

Feyen, E., Frost, ]., Gambacorta, L., Natarajan, H., & Saal, M. (2021). BIS Papers No 117 Fintech
and the digital transformation of financial services: implications for market structure and
public policy. www.worldbank.org

Gallego-Gomez, C., & De-Pablos-Heredero, C. (2020). Artificial Intelligence as an Enabling
Tool for the Development of Dynamic Capabilities in the Banking Industry. International
Journal of Enterprise Information Systems, 16(3), 20-33.
https://doi.org/10.4018/1JEIS.2020070102

H. Manukyan, H., & H. Parsyan, S. (2024). ARTIFICIAL INTELLIGENCE INTEGRATION
ASSESSMENT IN BANKS THROUGH FINANCIAL REPORTING: CASE STUDY OF
ARMENIA. Journal of Trends and Challenges in Artificial Intelligence, 1(1), 33-38.
https://doi.org/10.61552/jai.2024.01.004

Hasan Fadhil AL-Thabhawee. (2025). ARTIFICIAL INTELLIGENCE AND ITS ROLE IN HUMAN
RESOURCES MANAGEMENT. International Journal of Accounting, Management,
Economics and Social Sciences (IJAMESC), 3(1), 1-20.
https://doi.org/10.61990/ijamesc.v3i1.353

Hendry, D. F, & Pretis, F. (2023). Analysing differences between scenarios. International
Journal of Forecasting, 39(2), 754-771.
https://doi.org/10.1016/j.ijforecast.2022.02.004

Hong Trinh, H., & Phuong Tran, T. (2023). Global Banking Systems, Financial Stability and
Uncertainty: How have countries coped with Geopolitical Risk? https://orcid.org/0000-

126



Prajasari / JBMIB, Vol. 4 No. 2, 2025

0003-0209-
7259.Electroniccopyavailableat:https://ssrn.com/abstract=4541043https://ssrn.com
/abstract=4541043

Hossain, M. A., Agnihotri, R,, Rushan, M. R. [, Rahman, M. S., & Sumi, S. F. (2022). Marketing
analytics capability, artificial intelligence adoption, and firms’ competitive advantage:
Evidence from the manufacturing industry. Industrial Marketing Management, 106, 240-
255. https://doi.org/10.1016/j.indmarman.2022.08.017

Jacobs, B. 1. (2004). Risk Avoidance and Market Fragility.

John D. Hunter. (2007). Matplotlib is a 2D graphics package used for Python for application
development, interactive scripting, and publication-quality image generation across user
interfaces and operating systems.

Johnk, ]., Weifdert, M., & Wyrtki, K. (2021). Ready or Not, Al Comes— An Interview Study of
Organizational Al Readiness Factors. Business and Information Systems Engineering,
63(1), 5-20. https://doi.org/10.1007 /s12599-020-00676-7

Kamalnath, V,, Lerner,; L., Moon, ]., Sari, G., Sohoni, V,, & Zhang, S. (2023). Capturing the full
value of generative Al in banking. McKinsey & Company, December, 1-9.

Karimzadeh, M., & Sasouli, M. (2013). Contribution of Internet Banking toward Profitability of
Banking in India. 9, 57-69. https://consensus.app/papers/contribution-of-internet-
banking-toward-profitability-of-sasouli-
karimzadeh/1283cb3228f15af3a180a31a4484222f/

Kompas.com. (2023). Bank Jago Manfaatkan Al untuk Pendaftaran Rekening Nasabah.
https://money.kompas.com/read/2023/08/30/161000126/bank-jago-manfaatkan-
ai-untuk-pendaftaran-rekening-nasabah

Kou, G., Chao, X, Peng, Y,, Alsaadi, F. E., & Herrera-Viedma, E. (2019). MACHINE LEARNING
METHODS FOR SYSTEMIC RISK ANALYSIS IN FINANCIAL SECTORS. Technological and
Economic Development of Economy, 25(5), 716-742.
https://doi.org/10.3846/tede.2019.8740

Kou, G., Chao, X, Peng, Y, & Wang, F. (2022). NETWORK RESILIENCE IN THE FINANCIAL
SECTORS: ADVANCES, KEY ELEMENTS, APPLICATIONS, AND CHALLENGES FOR
FINANCIAL STABILITY REGULATION. Technological and Economic Development of
Economy, 28(2), 531-558. https://doi.org/10.3846/tede.2022.16500

Kurnia Yuniarti, Nurul Inayah, Fibby Luthfia, & Henny Setyo Lestari. (2024). The Influence Of
Digitalization, Bank Specifications, And Macroeconomics On Indonesia’s Bank
Performance. Jurnal Ekonomi, 29(2), 220-240. https://doi.org/10.24912 /je.v29i2.2222

Lee, I., & Shin, Y. ]. (2018). Fintech: Ecosystem, business models, investment decisions, and
challenges. Business Horizons, 61(1), 35-46.
https://doi.org/10.1016/j.bushor.2017.09.003

Li, J. C. F. (2020). Roles of individual perception in technology adoption at organization level:
Behavioral model versus toe framework. Journal of System and Management Sciences,
10(3), 97-118. https://doi.org/10.33168/]SMS.2020.0308

Mikalef, P, Krogstie, ]., & Giannakos, M. (2020). Information Systems and e-Business
Management Big data analytics capabilities: A systematic literature review and research
agenda Big data analytics capabilities: A systematic literature review and research
agenda.

127



Prajasari / JBMIB, Vol. 4 No. 2, 2025

Nguyen, T. C., & Thuy, T. H. (2024). Bank wholesale funding in an era of rising geopolitical
risk. The World Economy, 47(11), 4306-4330. https://doi.org/10.1111/twec.13620

OJK. (2022). Booklet Survei Nasional Literasi dan Inklusi Keuangan Tahun 2022.

OJK. (2023). Laporan Tahunan Perbankan dan Statistik Digital Banking Indonesia.

Oliveira, T, Thomas, M., & Espadanal, M. (2014). Assessing the determinants of cloud
computing adoption: An analysis of the manufacturing and services sectors. Information
& Management, 51(5), 497-510. https://doi.org/10.1016/j.im.2014.03.006

Omri, A. (2020). Technological innovation and sustainable development : Does the stage of
development matter? Environmental Impact Assessment Review, 83, 106398.
https://doi.org/10.1016/j.eiar.2020.106398

Oztiirk, R., & Kula, V. (2021). A General Profile of Artificial Intelligence Adoption in Banking
Sector. Journal of Corporate Governance, Insurance and Risk Management, 8(2), 146-157.
https://doi.org/10.51410/jcgirm.8.2.10

Phan, D. H. B,, Tran, V. T,, & Iyke, B. N. (2022). Geopolitical risk and bank stability. Finance
Research Letters, 46, 102453. https://doi.org/10.1016/j.frl.2021.102453

Pianosi, F, Beven, K,, Freer, |, Hall, ]. W,, Rougier, ]., Stephenson, D. B., & Wagener, T. (2016).
Sensitivity analysis of environmental models: A systematic review with practical
workflow. In Environmental Modelling and Software (Vol. 79, pp. 214-232). Elsevier Ltd.
https://doi.org/10.1016/j.envsoft.2016.02.008

Rauf, S, & Qiang, F. (2014). The Integrated Model to Measure the Impact of E-Banking on
Commercial Bank Profitability: Evidence from Pakistan. Asian Journal of Research in
Banking and Finance, 4, 25-45. https://consensus.app/papers/the-integrated-model-
to-measure-the-impact-of-ebanking-on-qiang-
rauf/5e09ef4e51c750169c675a3dc4d70881/

Rolando, S., & Mulyono, B. (2024). Penerapan Kecerdasan Buatan pada Perbankan di
Indonesia: Sebuah Tinjauan Sistematis. Jurnal Manajemen Dan Sistem Informasi Abadi,
5(1), 22-35. https://abadiinstitute.org/index.php/JUMAS/article/view /244

Saltelli, A., Tarantola, S., Campolongo, F,, & Ratto, M. (2010). Sensitivity Analysis in Practice : A
Guide to Assessing Scientific Models.

Saputra, D. R, & Hardjono, K. R. (2024). Strategic adaptation and dynamic capability in the
digital banking sector: a case study of SeaBank'’s financial performance 2021-2022. 1(1),
39-50.

Sarazin, G., Morio, J., Lagnoux, A., Balesdent, M., & Brevault, L. (2019). Sensitivity Analysis of
Risk Assessment with Data-Driven Dependence Modeling. https://doi.org/10.3850/978-
981-11-2724-3

Setiawan, R., & Prakoso, L. (2024). DIGITAL BANKING ADOPTION, BANK SIZE, AND BANK
PERFORMANCE IN INDONESIA. Jurnal Ekonomi Dan Bisnis Airlangga, 34(2), 196-207.
https://doi.org/10.20473/jeba.v34i22024.196-207

Shaban, O. S., & Al-Hawatmah, Z. (2024). THE IMPACT OF BANKING FINANCIAL LEVERAGE
ON FIRM’S PERFORMANCE: THE MODERATING ROLE OF ARTIFICIAL INTELLIGENCE.
Risk Governance and Control: Financial Markets and Institutions, 14(2), 99-106.
https://doi.org/10.22495 /rgcv14i2p10

128



Prajasari / JBMIB, Vol. 4 No. 2, 2025

Sheriffdeen, K. (2024). Building Resilient Banking Systems : Al-Driven Risk Management and
Crisis Response Building Resilient Banking Systems : Al-Driven Risk Management and
Crisis Response.

Shuen, D.]. T. G. P. A. (n.d.). Dynamic Capabilities and Strategic Management. 1997.

Sulistyowati, Rahayu, Y. S., & Naja, C. D. (2023). Penerapan Artificial Intelligence Sebagai
Inovasi Di Era Disrupsi Dalam Mengurangi Resiko Lembaga Keuangan Mikro Syariah.
Wadiah, 7(2), 117-142. https://doi.org/10.30762 /wadiah.v7i2.329

Teece, D. ]J. (2018). Business models and dynamic capabilities. Long Range Planning, 51(1),
40-49. https://doi.org/10.1016/j.lrp.2017.06.007

Vardalachakis, M., Tampouratzis, M., Papadakis, N., & Vasilakis, M. (2024). The Future of
Privacy: A Review on Al's Role in Shaping Data Security. 2024 5th International
Conference in Electronic Engineering, Information Technology & Education (EEITE), 1-8.
https://doi.org/10.1109/EEITE61750.2024.10654397

wael AL-khatib, A. (2023). Drivers of generative artificial intelligence to fostering exploitative
and exploratory innovation: A TOE framework. Technology in Society, 75, 102403.
https://doi.org/10.1016/j.techsoc.2023.102403

Wang, D., & Choi, H. (2023). The Effect of Consumer Resistance and Trust on the Intention to
Accept Fully Autonomous Vehicles. Mobile Information Systems, 2023, 1-10.
https://doi.org/10.1155/2023 /3620148

Wilkinson, L., & Friendly, M. (2009). History corner the history of the cluster heat map. In
American Statistician (Vol. 63, [ssue 2, pp- 179-184).
https://doi.org/10.1198/tas.2009.0033

Wooldridge. (2010). Econometric Analysis of Cross Section and Panel Data.

Yildirim, Y., & Sanyal, A. (2022). Evaluating the Effectiveness of Early Warning Indicators: An
Application of Receiver Operating Characteristic Curve Approach to Panel Data.
Scientific ~ Annals of  Economics and Business, 69(4), 557-597.
https://doi.org/10.47743 /saeb-2022-0025

129



