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Abstract

Central bank digital currency (CBDC), as a novel form of central bank liability, entails both potential
benefits and risks for macroeconomic performance and environmental sustainability. This study
develops a stochastic dynamic general equilibrium (DSGE) model to investigate the resilience of
macroeconomic variables and environmental quality in response to CBDC issuance shocks. The
model is calibrated using seasonal data from the Iranian economy over the period 2004-2022 and
simulated under alternative scenarios with varying degrees of price stickiness. The findings indicate
that consumption, non-oil output, and aggregate production increase following a CBDC shock,
whereas inflation exhibits a delayed response. The expansion in production, however, leads to a
deterioration in environmental quality. Furthermore, variations in price stickiness do not alter the
qualitative dynamics of the model but significantly affect the magnitude of responses, with stronger
effects observed under flexible price conditions. These results suggest that economies characterized
by greater price flexibility exhibit higher responsiveness but lower stability, whereas price stickiness
enhances resilience to CBDC shocks.
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Introduction

Central banks have historically fulfilled their mandate by issuing physical currency as a core
component of monetary policy. However, the global decline in cash usage, coupled with the rapid
expansion of digital payment systems, has fundamentally transformed the monetary landscape. The
COVID-19 pandemic has further accelerated the transition toward digital financial instruments.

Simultaneously, the proliferation of digital currencies and non-cash payment mechanisms has
introduced new challenges to monetary sovereignty and financial system stability. In response,
central banks have increasingly explored the issuance of CBDCs as a complementary form of
sovereign money.

CBDCs offer several potential advantages, including enhanced financial inclusion, improved
monetary policy transmission, and reduced reliance on illicit financial channels. Nonetheless, they
may also pose significant risks, such as increased systemic vulnerability and adverse environmental
externalities. Inadequate design and implementation could amplify financial instability and weaken
economic resilience.

Given the limited empirical evidence on CBDCs due to their recent emergence, this study aims
to contribute to the literature by examining the macroeconomic and environmental implications of
CBDC shocks within a DSGE framework.

Methodology

The study employs a calibration-based approach to parameterize the DSGE model. Parameters
are selected to minimize the discrepancy between simulated outputs and observed macroeconomic
indicators for Iran over the period 2004-2022. The dataset is detrended using constant 2011 prices,
applying the Hodrick—Prescott filter (A = 677) within the EViews environment.

Results and Discussion

Simulation results demonstrate that a CBDC issuance shock leads to an increase in consumption,
non-oil output, and GDP, while inflation responds with a temporal lag. The expansion in economic
activity, however, exerts downward pressure on environmental quality.

These outcomes can be attributed to enhanced transaction efficiency and reduced informational
frictions associated with CBDC adoption, which stimulate short-term economic activity. Over time,
these effects diminish, and inflationary pressures emerge.

Environmental quality is influenced by two countervailing forces: increased production
intensifies pollution, whereas CBDC adoption reduces environmental degradation through
decreased reliance on physical currency and lower transaction-related emissions. The model results
indicate that the adverse effects of increased production dominate.

Conclusion

The analysis reveals that variations in price stickiness do not affect the directional responses of
macroeconomic and environmental variables to CBDC shocks but significantly influence their
magnitude. Specifically, economies with flexible prices exhibit stronger but less stable responses,
whereas price stickiness enhances resilience.

Accordingly, policymakers should consider implementing CBDC frameworks that stimulate
aggregate demand while maintaining macroeconomic stability and mitigating environmental
impacts.
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