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Objective: This study examines how the emergence of banking innovations enhances
the nonlinear effectiveness of monetary policy in Iran.

Methodology: This applied, descriptive—analytical study employs panel data from
banks listed on the Tehran Stock Exchange over the period 2013—2023. An innovation
emergence index was constructed using four indicators: number of bank accounts per
capita, number of ATMs per capita, value of internet banking transactions, and value
of mobile banking transactions. Principal Component Analysis was applied for
dimensionality reduction, followed by estimation of nonlinear relationships using the
Panel Smooth Transition Regression model. Stationarity and long-run relationships
among variables were evaluated using standard econometric tests.

Findings: The findings indicate a statistically significant nonlinear relationship
between banking innovation and monetary policy effectiveness. In the nonlinear
regime, higher levels of banking innovation substantially strengthen the effectiveness
of monetary policy. Diagnostic tests confirm model robustness, validity, and
compliance with classical assumptions, as well as stability of parameters across
regimes.

Conclusion: The results demonstrate that technological development in the banking
sector is a key driver of monetary policy effectiveness and should be prioritized by
monetary authorities as a complementary policy instrument.

Keywords: Monetary Policy; Banking Innovation; Policy Effectiveness; Financial
Technology; PSTR Model
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EXTENDED ABSTRACT
Introduction

The global financial system has undergone profound structural transformation in recent decades,
driven primarily by rapid advances in digital technologies, the expansion of financial innovation, and the
growing integration of banking systems with digital platforms. These developments have fundamentally
altered the mechanisms through which monetary policy affects economic activity, introducing new
transmission channels while reshaping existing ones. Consequently, the effectiveness of monetary policy
can no longer be understood solely through conventional linear frameworks. Instead, it increasingly
exhibits nonlinear dynamics that vary across different institutional, technological, and macroeconomic
conditions. Recent research emphasizes that the interaction between financial innovation and monetary
policy is complex, state-dependent, and highly sensitive to structural features of the economy (Guérin,
2023; Ma & Zimmermann, 2023; Mertzanis, 2023).

The emergence of innovative banking activities—such as fintech platforms, digital banking
services, mobile payments, artificial intelligence-based credit assessment, and online financial
intermediation—has redefined the architecture of modern financial systems. These innovations affect
liquidity creation, credit allocation, transaction costs, and information flows, thereby reshaping both the
supply and demand for money. Ashta and Herrmann (2021) argue that the diffusion of artificial
intelligence and fintech introduces new opportunities while simultaneously creating new risks for banking
stability and monetary control (Ashta & Herrmann, 2021). At the same time, digital financial development
influences productivity, wage formation, and investment behavior, all of which are core channels through
which monetary policy operates (Guiso et al., 2013; Howell & Brown, 2023; Michelacci & Quadrini, 2009).

In advanced and emerging economies alike, empirical evidence increasingly supports the presence
of nonlinear monetary transmission. The effectiveness of interest rate adjustments, liquidity injections,
and unconventional monetary tools depends on the financial structure, degree of digitalization, and
prevailing uncertainty in the economic environment (Hachula et al., 2020; Hin, 2020). Studies also
demonstrate that monetary policy shocks influence innovation, firm behavior, and productivity in a
nonlinear and regime-dependent manner (Guérin, 2023; Ma & Zimmermann, 2023). These findings challenge
traditional policy frameworks and require new empirical models capable of capturing threshold effects
and asymmetric responses.

The Iranian economy provides a particularly informative context for examining these dynamics.
Structural inflation, exchange rate volatility, international sanctions, financial repression, and persistent
policy uncertainty have historically constrained the effectiveness of monetary policy. At the same time,
Iran has experienced rapid growth in digital banking, fintech adoption, and electronic payment systems
over the past decade. Empirical studies within Iran indicate that banking innovations significantly
influence monetary transmission, liquidity behavior, inflation control, and financial stability (Aghaei &
Ahmadinia, 2023; Ahmadi & Kiani, 2024; Javaheri & Goudarzi, 2024; Mahmoudi & Sharifi, 2024; Rahmani &
Goudarzi, 2023). Furthermore, uncertainty related to monetary and exchange-rate policies intensifies
financial volatility and weakens policy effectiveness (Haque & Imam, 2025; Pezeshki et al., 2025; Saeedi et
al., 2025; Sotoudehnia Karani & Shafi'zad Abkenar, 2025).



Recent domestic research demonstrates that banking innovations contribute to inflation
management and enhance the efficiency of monetary instruments by improving liquidity control and credit
allocation (Hosseini-Nia & Fallahzadeh, 2022; Hosseini & Ghanadi, 2021; Rezaei & Ghasemi, 2024; Zahedi &
Saidi, 2022). However, the interaction between innovation and monetary policy is hot monotonic. Fintech
development exhibits threshold effects on financial development and macroeconomic stability, indicating
that benefits emerge only after sufficient technological penetration is achieved (Mahboudi & Dareh-Nazari,
2023). These structural characteristics imply that the effectiveness of monetary policy in Iran depends
critically on the level of banking innovation and the prevailing institutional environment (Afagh, 2021,
Masinnejad, 2021).

Despite the growing literature, limited empirical work has explicitly modeled the nonlinear
interaction between banking innovation and monetary policy effectiveness in Iran using advanced
nonlinear panel techniques. Addressing this gap, the present study examines whether and how the
emergence of innovative banking activities modifies the effectiveness of monetary policy in a nonlinear
manner within the Iranian banking system.

Methods and Materials

This study employs an applied, descriptive-analytical research design using panel data from banks
listed on the Tehran Stock Exchange over the period 2013-2023. Monetary policy effectiveness is proxied
by the credit-to-deposit ratio, reflecting the responsiveness of banking intermediation to policy conditions.

An innovation emergence index is constructed using four indicators: number of bank accounts per
capita, number of ATMs per capita, value of internet banking transactions, and value of mobile banking
transactions. Principal Component Analysis (PCA) is used to extract the composite innovation index.

The econometric framework is based on the Panel Smooth Transition Regression (PSTR) model,
which allows for regime-dependent nonlinear relationships. Control variables include non-performing
loans, bank size, loan growth, inflation, interest rate, return on assets, and information-communication
technology development.

Unit root tests confirm stationarity, while panel cointegration tests verify long-run relationships.
Model specification tests identify nonlinearity and optimal transition functions. Diagnostic tests assess
autocorrelation, heteroskedasticity, and coefficient stability.

Findings

The PCA results indicate that the first principal component explains more than 60% of the variance
of the innovation indicators, with internet banking transactions carrying the highest weight.

Nonlinearity tests strongly reject the linear specification. The PSTR model identifies a single
transition threshold for the innovation index, indicating two distinct regimes of monetary transmission.

In the low-innovation regime, the impact of innovation on monetary policy effectiveness is
positive but modest. Once the innovation index surpasses the estimated threshold, the coefficient increases
substantially and becomes highly significant. In the nonlinear regime, a one-unit increase in the innovation
index raises monetary policy effectiveness by approximately 0.43.

Control variables behave as expected: non-performing loans and inflation reduce effectiveness,
while loan growth, bank size, ICT development, and profitability enhance it.

Diagnostic tests confirm no autocorrelation, homoscedastic residuals, and stable coefficients
across regimes.
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Discussion and Conclusion

The results demonstrate that banking innovation fundamentally reshapes the transmission of
monetary policy in Iran. Monetary policy becomes significantly more effective once the financial system
reaches a critical level of technological development. This threshold behavior explains why traditional
monetary instruments often appear weak in low-innovation environments but become more powerful as
digital banking and fintech expand.

The findings suggest that financial technology acts as a structural amplifier of policy transmission
by accelerating liquidity circulation, reducing transaction costs, strengthening credit channels, and
improving information flows. Consequently, innovation is not merely a supplementary factor but a central
determinant of policy performance.

Moreover, the nonlinear structure highlights the risks of incomplete technological transformation:
partial innovation may deliver limited benefits, while comprehensive digitalization yields disproportionate
gains in policy effectiveness.

The study underscores that successful monetary management in Iran requires close coordination
between monetary authorities and financial regulators to promote innovation while maintaining stability.
A robust digital banking ecosystem emerges as a prerequisite for sustainable macroeconomic
management.

In conclusion, the emergence of innovative banking activities significantly enhances the nonlinear
effectiveness of monetary policy in Iran. Financial innovation should therefore be recognized as a strategic
pillar of modern monetary governance and macroeconomic stabilization.
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