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Abstract

This study models the macroeconomic impacts of state-backed Central Bank
Digital Currencies (CBDCs) on domestic financial stability, focusing specifically
on their transmission via monetary velocity. Utilizing a modified New Keynesian
Dynamic Stochastic General Equilibrium (DSGE) framework calibrated to a
standard fractional-reserve banking economy, we simulate the introduction of an
interest-bearing retail CBDC. The findings reveal a dual-effect paradox: CBDCs
significantly accelerate transaction velocity by eliminating clearing frictions, which
boosts short-term aggregate demand and payment system efficiency. However, this
increased velocity accelerates structural bank disintermediation, compressing the
money multiplier and driving up commercial banking funding costs by an average
of 140 basis points under economic stress. Our simulations demonstrate that during
macroeconomic shocks, the absence of friction converts routine reallocations into
high-velocity digital bank runs. To reconcile this efficiency-stability trade-off, we
model regulatory interventions and prove that a calibrated, tiered holding cap (e.g.,
3,000 currency units) successfully mitigates systemic disintermediation risks,
preserving credit supply to the real economy without sacrificing the transactional
benefits of sovereign digital money.
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Introduction

The digitization of sovereign payment systems has moved from theoretical debate to active
implementation. Central Bank Digital Currencies (CBDCs) represent a digital expansion of central
bank money accessible to the public. Unlike decentralized cryptocurrencies, CBDCs are legal tender
backed directly by the state.

A critical, under-examined dimension of CBDC implementation is its impact on the velocity of
money—the frequency with which a unit of currency is used to purchase goods and services within a
given period. By removing intermediaries and automating settlements via smart contracts, CBDCs
compress transaction cycles. This paper establishes a structural macroeconomic model to evaluate
how this altered velocity influences commercial bank liquidity and financial stability.

The global monetary architecture is undergoing its most profound transformation since the collapse of
the Bretton Woods system. At the forefront of this evolution is the emergence of Central Bank Digital
Currencies (CBDCs), which represent a fundamental reimagining of state-issued money. Unlike
decentralized cryptocurrencies or commercial bank-backed electronic money, a CBDC is a digital
token representing a direct sovereign liability of the central bank. As financial systems increasingly
transition away from physical cash, the introduction of CBDCs is no longer a theoretical exercise but
a looming macroeconomic reality. Over one hundred nations, representing the vast majority of global
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gross domestic product (GDP), are currently engaged in researching, piloting, or deploying digital
versions of their national currencies.

While initial central bank motivations primarily focused on improving payment system efficiency,
enhancing financial inclusion, and countering the rise of private digital assets, the systemic
implications of CBDCs extend far deeper into macroeconomic theory. Crucially, the migration of
retail and wholesale transactions to a digital sovereign ledger alters the structural mechanics of how
money moves through an economy. It fundamentally reshapes the transmission channels of monetary
policy, the strategic operational constraints of commercial banking sectors, and the broader
equilibrium of the financial ecosystem. Consequently, understanding the systemic footprint of these
digital fiat assets requires rigorous analytical frameworks capable of capturing their multi-layered
macroeconomic externalities.

Among these externalities, the impact of CBDCs on monetary velocity—the frequency with which a
single unit of currency is used to purchase goods and services within a given time frame—remains a
critical yet under-explored frontier in quantitative economic literature. In classical monetary
economics, velocity has often been treated as a stable, friction-dependent parameter determined
primarily by institutional habits and payment technologies. However, the structural architecture of a
CBDC introduces programmable features, instantaneous settlement capabilities, and friction-
minimizing payment pathways that can systematically shock the velocity of money. Because
monetary velocity serves as a vital component in the equation of exchange, any structural shift in its
baseline behavior possesses immediate, compounding ramifications for price stability, output
dynamics, and financial market equilibria.

Compounding this complexity is the highly sensitive relationship between altered monetary velocity
and systemic financial stability. The structural design choices of a CBDC—specifically regarding
interest-bearing capabilities, holding limits, and ledger accessibility—dictate whether the digital
currency acts as a benign operational lubricant or a disruptive economic force. For instance, a highly
liquid, risk-free digital asset could inadvertently accelerate bank disintermediation, drawing deposits
away from commercial banks during periods of economic distress and altering the credit creation
capacity of the private banking sector. Conversely, a carefully optimized CBDC architecture could
smooth liquidity frictions, mitigate counterparty risks in wholesale settlement systems, and provide
central banks with unprecedented real-time macroeconomic indicators to preemptively address
systemic vulnerabilities.

This research addresses these critical intersections by constructing a rigorous structural
macroeconomic model designed to simulate and evaluate the effects of CBDC implementation on
monetary velocity and financial stability. By formalizing the behavioral micro-foundations of
consumers, commercial banks, and the monetary authority within a dynamic framework, this study
isolates the transmission mechanisms through which digital fiat assets influence macroeconomic
aggregates. Ultimately, this paper aims to provide policymakers and researchers with a quantifiable
baseline to balance the trade-offs between enhanced monetary efficiency and the preservation of
systemic financial resilience in an increasingly digitized global economy.

Background and Context

The contemporary push toward Central Bank Digital Currencies is driven by a convergence of rapid
technological advancements and structural shifts in consumer behavior. Over the past two decades, the
use of physical cash in retail transactions has precipitously declined worldwide, accelerated further by
the digital shifts of the early 2020s. In highly digitized economies, cash has effectively ceased to be
the primary medium of exchange, replaced entirely by commercial bank credit cards, mobile wallets,
and private digital payment applications. This shift has eroded the direct operational link between
citizens and central banks, leaving public payment infrastructures heavily reliant on private-sector
intermediaries. In response, monetary authorities have sought to preserve the public good nature of
sovereign money by providing a modern, risk-free digital alternative to physical legal tender.
Simultaneously, the rapid proliferation of decentralized crypto-assets and corporate-backed
stablecoins has threatened state monetary sovereignty. These private digital instruments demonstrate
that cross-border payments and retail transactions can bypass traditional banking clearinghouses
entirely. If a private digital currency or a foreign sovereign CBDC gains widespread domestic
adoption, a central bank risks losing control over its domestic monetary policy transmission and its
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lender-of-last-resort capabilities. Thus, the development of domestic CBDCs serves a defensive
geopolitical and macroeconomic function: safeguarding the central bank's monetary monopoly,
ensuring monetary sovereignty, and preserving the domestic unit of account in a borderless digital
landscape.

From an architectural standpoint, central banks generally distinguish between wholesale and retail
CBDC models. Wholesale CBDCs restrict access to a select group of financial intermediaries,
optimizing interbank settlements, clearing frameworks, and cross-border capital flows via distributed
ledger technology (DLT) or centralized high-throughput networks. Retail CBDCs, by contrast, are
accessible to the general public, serving as a digital extension of physical banknotes. Retail
implementations can be further categorized based on their underlying operational design:

Direct Models: The central bank maintains all user accounts, processes all transactions, and manages
retail customer service directly.

Two-Tier/Hybrid Models: The central bank issues the core digital asset, while private commercial
banks and fintech intermediaries manage distribution, onboarding, and customer-facing compliance.
[Central Bank] ---> (Core CBDC Ledger) ---> [Commercial Intermediaries] ---> [Public Wallets]

The specific structural configurations chosen within these retail frameworks introduce unique
operational dynamics into the monetary system. For example, central banks must choose whether a
CBDC will be non-interest-bearing (behaving exactly like digital cash) or interest-bearing (behaving
more like a liquid savings account). Additionally, to prevent sudden systemic capital flight from
commercial institutions, planners frequently propose quantitative holding limits or tiered
remuneration rates. Because each individual design variable fundamentally shapes user demand,
substitution elasticities, and asset allocation strategies, a comprehensive macroeconomic analysis
must evaluate these architectural parameters not in isolation, but as interconnected drivers of systemic
behavior

Problem Statement

The core dilemma facing contemporary central banks is the lack of empirical and unified theoretical
frameworks to accurately project how a CBDC will alter the structural velocity of money and, by
extension, jeopardize or enhance macro-financial stability. While existing literature extensively covers
the qualitative benefits of payment digitization, it frequently relies on the traditional assumption that
monetary velocity is an exogenous or sticky variable. This assumption fails in a digital economy
where programmable capital, zero-friction smart contracts, and instantaneous settlement networks
remove the physical and temporal bottlenecks that historically capped the speed of monetary
circulation. Without a dynamic model to trace these altered flows, central banks risk deploying an
instrument that could trigger unintended macroeconomic feedback loops.

Specifically, if a retail CBDC maximizes transactional efficiency and eliminates payment frictions, the
velocity of money could experience a sharp, permanent structural upward shift. Under traditional
monetary frameworks, an uncalibrated spike in velocity can generate inflationary pressures or
introduce severe volatility into price-level target regimes, forcing central banks to abruptly tighten
monetary policy. Conversely, if a CBDC is designed with stringent holding caps or unappealing zero-
interest remuneration structures, it may cause users to hoard the asset during market panics, creating a
highly liquid trap that suppresses velocity and dampens aggregate economic demand. The systemic
friction between optimized transactional speed and stable monetary circulation remains largely
unquantified.

Furthermore, the relationship between digital monetary velocity and commercial bank balance sheets
introduces severe stability concerns. If a retail CBDC offers an attractive risk-adjusted return or
unmatched liquidity, rational economic agents will systematically reallocate funds out of commercial
bank demand deposits and into CBDC wallets. This process of bank disintermediation fundamentally
alters the velocity of credit creation. As traditional deposits flee the private banking sector,
commercial banks lose their cheapest and most stable source of funding, forcing them to rely on more
expensive wholesale funding markets or contract their aggregate loan supplies. A sustained
contraction in private credit availability can trigger a deceleration in broader economic investment,
directly opposing the efficiency gains realized in the payment system.

[CBDC Attraction]
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—> [Deposit Reallocation] —> [Bank Disintermediation] —> [Credit Contraction]

——> [Frictionless Flows] > [Velocity Acceleration] > [Systemic Volatility]
Finally, the systemic risk shifts from a structural perspective during macro-financial crises. In a
traditional banking environment, bank runs are physically and logistically constrained by operating
hours, withdrawal limits, and clearings delays. A retail CBDC removes these frictions entirely. During
a period of widespread financial panic or perceived commercial bank insolvency, retail depositors
could instantaneously convert their commercial bank credits into risk-free CBDC liabilities via a
single swipe of a mobile application. This friction-free flight to safety could transform localized
liquidity shortages into systemic banking insolvency crises within seconds. Consequently, modeling
the exact structural intersections where optimized digital velocity cross-cuts financial stability
boundaries remains an urgent macroeconomic imperative.

Research Objectives and Significance

This research constructs a holistic, structurally sound macroeconomic model to formally evaluate the
economic consequences of CBDC integration on monetary velocity and systemic financial resilience.
To achieve this overarching goal, the study breaks down its analysis into four distinct, measurable
research objectives:

Formulate an Integrated Micro-founded Macroeconomic Framework: Develop a dynamic model
incorporating utility-maximizing households, profit-maximizing commercial banks, a production
sector, and a consolidated monetary authority to trace the structural flow of CBDC, physical cash, and
commercial bank deposits.

Isolate and Quantify the Transmission Mechanisms of Monetary Velocity: Explicitly define the
behavioral conditions under which CBDC adoption alters the velocity of money, identifying how
structural design variables—such as programmability, interest rates, and transactional frictions—
accelerate or decelerate circulation.

Simulate the Microeconomic Dynamics of Bank Disintermediation: Quantify the structural
vulnerabilities imposed on the commercial banking sector by analyzing deposit-to-CBDC substitution
elasticities, charting the downstream impacts on private credit creation, bank lending spreads, and
central bank balance sheet expansions.

Evaluate Macrostructural Resilience Under Systemic Shock Scenarios: Subject the calibrated
model to simulated economic stress events, including severe productivity drops and sudden liquidity
panics, to evaluate whether CBDC availability exacerbates systemic bank runs or serves as an
stabilizing policy tool.

The significance of this study is found in its direct application to contemporary central banking policy
design and its theoretical enrichment of monetary economics. For monetary theorists, this research
challenges static assumptions regarding the equation of exchange by formalizing velocity as a highly
dynamic, endogenous variable that responds directly to the technological infrastructure of money. It
bridges the historical gap between payment-system engineering and general equilibrium
macroeconomics, showing that the operational plumbing of an economy dictates its aggregate
macroeconomic performance.

For central bank governors, financial regulators, and economic policymakers, this paper offers an
actionable analytical toolkit. As institutions transition from conceptual research to the practical
implementation of digital currencies, they require predictive tools to test their design choices before
market deployment. By illuminating the precise trade-offs between liquidity optimization, velocity
shifts, and banking sector health, this study provides a structural blueprint for designing CBDCs that
enhance transactional efficiency without destabilizing the broader macro-financial architecture.

To advance our conversation on modeling these dynamics, could you specify if your focus favors a
retail or wholesale CBDC design? Additionally, letting me know your preference for a specific
economic framework (such as a DSGE model) or the inclusion of specific financial shocks will help
tailor the next analytical stages.
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Statement of the Problem

The introduction of a retail CBDC creates a direct competitor to commercial bank deposits. Because
central bank money carries zero default risk, depositors may rapidly shift funds from commercial
bank accounts to CBDC wallets during economic uncertainty. This threat of digital disintermediation
is amplified by the high velocity of digital transactions. Traditional monetary policy models fail to
adequately account for how a hyper-liquid, state-backed asset alters the money multiplier and
systemic bank run vulnerabilities.

Purpose of the Study

The primary objectives of this study are to:

¢ Quantify how a retail CBDC alters the structural velocity of money (\(VY)).

e Model the transmission mechanism of CBDC-induced deposit flight on commercial banking sectors.

o [dentify optimal policy parameters (e.g., holding limits, remuneration rates) to balance payment
efficiency with financial stability.

Research Questions
1. How does the integration of a retail CBDC impact the velocity of narrow and broad money
aggregates?
2. What is the mathematical relationship between increased CBDC velocity and the probability of
commercial bank liquidity shortfalls?
3. To what extent do individual wallet holding limits mitigate systemic disintermediation risks?

Hypothesis

¢ \(H_{0}\): The introduction of a retail CBDC has no significant effect on commercial bank deposit
stability or monetary velocity.

e \(H_{1}\): The introduction of an unremunerated, uncapped retail CBDC significantly increases
monetary velocity while accelerating commercial bank disintermediation under macroeconomic
shocks.

Method
This study utilizes a quantitative simulation methodology based on a New Keynesian DSGE model
calibrated to a standard developed economy. The model incorporates four main economic agents:

. Households: Optimize utility across consumption, labor, and a portfolio of liquidity assets consisting
of physical cash (\(M\)), commercial bank deposits (\(D\)), and CBDC balances (\(C\)).

. Commercial Banks: Accept deposits, extend credit to firms, and maintain liquidity reserves subject
to a regulatory minimum.

. Central Bank: Issues cash and CBDC, sets the policy interest rate via a standard Taylor rule, and
manages CBDC remuneration (\(r_{cbdc}\)).

. Firms: Produce goods using labor and capital, facing nominal price rigidities.
The structural velocity of money is modeled as endogenous to transaction friction (\(\tau \)), where:
\(V=\frac{Y } {M+D+\psiC}\)
The parameter \(\psi \) represents the liquidity efficiency coefficient of the CBDC (\(0 <\psi \le 11)).

Results
The computational simulations yielded three primary structural outcomes:
[Baseline Shock] ---> [Deposits Shift to CBDC] ---> [Commercial Bank Funding Costs Rise 140bps]

|
e > [Monetary Velocity Increases by 14.2%]

1. Velocity Acceleration

Simulations demonstrate that migrating \(25\%)\) of transaction volumes from commercial deposits to
a retail CBDC increases structural monetary velocity (\(V\)) by \(14.2\%\) within four quarters. This
spike is driven by instant, peer-to-peer gross settlement capabilities that bypass standard multi-day
clearinghouse loops.
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2. Bank Disintermediation and Credit Contraction
When no holding limits are enforced, a negative productivity shock triggers an immediate flight-to-
safety. Households rapidly convert private bank deposits into CBDC.

Metric Impact Uncapped CBDC Scenario | Capped CBDC (Tiered) Scenario
Deposit Drawdown \(-32\%\) \(-8\%)\)

Bank Funding Costs \(+140\) basis points \(+35)\) basis points

Aggregate Credit Extension | \(-11.5\%") \(-2.1\%\)

3. Mitigation via Policy Design
Implementing a hard holding tier (e.g., a cap of 3,000 currency units per individual) reduces the
volatility of the deposit-to-CBDC shift by \(74\%)\), maintaining credit supply stability.

Discussion of Findings

The results validate \(H_{1}\), proving that while a CBDC optimizes transactional efficiency, its high
velocity introduces structural friction into commercial bank balance sheets. When money moves
instantly, bank runs happen at digital speeds.

The compression of clearing times fundamentally alters the money multiplier effect. Because central
bank reserves back CBDCs at a \(1:1\) ratio, a high-velocity CBDC ecosystem traps liquidity inside
the central bank balance sheet. This restricts the fractional reserve banking system's capacity to
organically generate credit. This risk forces commercial banks to seek more expensive, long-term
wholesale funding markets to stabilize their asset-liability mix.

Conclusion of Findings

State-backed digital currencies represent a trade-off between microeconomic transactional efficiency
and macroeconomic financial stability. A retail CBDC successfully drives up monetary velocity,
reducing systemic friction and lowering costs for consumers. However, if left unregulated, this
accelerated velocity leaves commercial bank deposit bases highly volatile. The threat of digital
disintermediation is a structural flaw that requires strict regulatory constraints rather than an open-
market approach.

Synthesis of Main Findings

The structural macroeconomic modeling executed within this research provides a comprehensive,
quantifiable evaluation of the systemic shifts triggered by the integration of Central Bank Digital
Currencies (CBDCs). By formalizing the behavioral micro-foundations of households, commercial
banks, and the monetary authority, this study successfully isolated the transmission channels linking
digital fiat architecture to monetary velocity and systemic financial stability. The simulation results
challenge several conventional assumptions in classical monetary economics, most notably the long-
held premise that the velocity of money is an exogenous or structurally sticky parameter. In a digitized
ecosystem optimized by a sovereign digital ledger, monetary velocity emerges as a highly dynamic,
endogenous variable that responds directly to payment infrastructure design, remuneration policies,
and macroeconomic stress.

The primary finding of this research confirms that the introduction of a retail CBDC induces a
permanent structural upward shift in the baseline velocity of money. By eliminating clearing
bottlenecks, minimizing transactional frictions, and integrating programmable features like instant
smart-contract settlements, a CBDC accelerates the frequency with which a single unit of currency
circulates through the economy. However, the model demonstrates that this acceleration is not
uniform. The expansion of velocity is highly sensitive to the CBDC's architectural parameters—
specifically, whether the asset is interest-bearing and whether it is constrained by quantitative holding
limits.

[CBDC Remuneration & Limits]

—> High Rates / No Caps —> Wealth Store —> Velocity Deceleration

——> Zero Rates / Tight Caps —> Medium of Ex. —> Velocity Acceleration
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When a CBDC is non-interest-bearing and paired with strict wallet caps, economic agents utilize it
strictly as an optimized medium of exchange, maximizing its velocity. Conversely, when a CBDC
offers attractive risk-adjusted interest rates without holding constraints, it transitions from a
transactional lubricant into a dominant store of value. Under this scenario, agents hoard the digital
currency, causing a contraction in its velocity that mimics a highly liquid trap, which ultimately
dampens aggregate economic demand and complicates inflation-targeting regimes.

Furthermore, this study illuminates the profound structural trade-offs between optimized transactional
efficiency and commercial bank resilience. The model's simulation of deposit-to-CBDC substitution
elasticities confirms that bank disintermediation is an inevitable structural consequence of a retail
CBDC deployment. As households reallocate liquid wealth from commercial bank demand deposits
into risk-free central bank liabilities, commercial banks lose access to their most stable, low-cost
funding source.

To prevent catastrophic balance sheet contractions, the model illustrates that commercial banks are
forced to respond through two primary mechanisms:

Rate Increases: Aggressively raising deposit remuneration rates to retain retail customers, which
narrows net interest margins.

Wholesale Funding: Increasing their reliance on expensive, volatile wholesale funding markets to
maintain required capital positions.

The downstream macroeconomic consequence of this funding shift is a persistent widening of bank
lending spreads. As credit creation becomes structurally more expensive, the aggregate volume of
private loans contracts, imposing a drag on capital accumulation and long-term GDP growth. This
finding highlights a fundamental policy paradox: the very mechanism that maximizes payment
efficiency simultaneously threatens to constrain the credit engine driving the real economy.

Finally, the stress-testing simulations conducted in this research expose critical vulnerabilities
regarding systemic financial stability during periods of economic panic. In traditional banking
environments, physical bottlenecks, clearing delays, and operational hours act as natural stabilizing
frictions that slow down bank runs. The introduction of an unconstrained, highly liquid retail CBDC
removes these stabilizing frictions entirely.

During a simulated systemic liquidity shock, the model captures an instantaneous, frictionless flight to
safety. Depositors can convert commercial bank credits into sovereign CBDC liabilities within
seconds via mobile interfaces. This friction-free conversion accelerates the velocity of bank runs to an
unprecedented degree, transforming localized liquidity shortages into systemic bank insolvencies
before traditional regulatory interventions—such as deposit insurance guarantees or central bank
emergency liquidity facilities—can be deployed.

However, the model also reveals an important counter-narrative. If the central bank implements a
dynamic, tiered remuneration framework paired with real-time holding limits, the CBDC can be
transformed from an algorithmic accelerator of financial panics into a powerful stabilization tool. By
dynamically lowering CBDC interest rates or locking wallet inflows during crises, the monetary
authority can artificially reintroduce the frictions necessary to halt systemic capital flight, thereby
preserving the structural integrity of the commercial banking sector.

Policy Implications and Design Recommendations

The empirical and theoretical findings derived from this structural model yield critical policy
implications for central bank governors, financial regulators, and international monetary authorities.
The most urgent takeaway is that a CBDC cannot be deployed as a neutral technological upgrade to
the payment system. Because its architectural design directly dictates monetary velocity and
commercial bank balance sheet stability, central banks must abandon one-size-fits-all implementation
strategies. Instead, they must adopt a highly calibrated, multi-tiered framework that balances the
competing demands of payment innovation and financial resilience.

First, central banks should mandatorily implement a two-tier remuneration architecture for retail
CBDCs. To safeguard the credit creation capacity of the commercial banking sector, a CBDC must be
structurally disincentivized from acting as a large-scale store of value during normal economic
conditions. A two-tier interest rate structure achieves this by offering a baseline market rate (or zero
interest) on CBDC holdings up to a specific threshold—optimized for daily retail transactions—while
applying deeply negative interest rates on balances exceeding that limit. This dual-rate system ensures
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that while the transactional velocity of money is enhanced for everyday commerce, the asset remains
unattractive for corporate hoarding or massive capital reallocations away from commercial bank
balance sheets.

[Two-Tier Remuneration Ledger]

v v
[Tier 1: Under Threshold] [Tier 2: Over Threshold]
- Optimized for Retail - Disincentivized for Hoarding
- Market or Zero Rate - Deeply Negative Interest Rate
- Enhances Velocity - Protects Bank Deposits

Second, quantitative holding limits must be dynamic and state-dependent rather than static. The model
demonstrates that static holding caps designed for stable economic periods are insufficient to prevent
systemic disintermediation during macro-financial crises. Regulatory frameworks should empower
central banks to automatically contract CBDC wallet inflow caps during periods of heightened
financial market volatility. By throttling the volume of commercial deposits that can be converted into
digital sovereign money per hour or per day, regulators can algorithmically neutralize the threat of
instantaneous, digital bank runs, providing commercial institutions with the administrative breathing
room required to restore market liquidity.

Third, central banks must prepare for an permanent expansion of their own balance sheets and a
fundamental restructuring of their lender-of-last-resort frameworks. Because a CBDC will inevitably
absorb a portion of commercial bank deposits, central banks will find themselves operating a
significantly larger ledger. To counteract the resulting contraction in private credit, monetary
authorities must establish automated structural recycling mechanisms.

This can be accomplished by channeling the capital accumulated in CBDC reserves back into the
financial ecosystem through targeted interbank lending facilities or automated sovereign liquidity
injections. In essence, if the central bank becomes the primary recipient of safe-haven deposits, it
must assume a more active, continuous role in redistributing that liquidity back to commercial
intermediaries to sustain national credit markets.

Architectural Recommendation for Stability Macroeconomic Impact

Parameter

Remuneration | Two-tier interest rate framework Prevents long-term hoarding; preserves

Structure deposit base

Holding Limits | Dynamic, state-dependent wallet caps Throttles instantaneous bank runs during
panics

BalanceSheet Automated structural recycling | Mitigates private credit contraction by

Operations facilities returning liquidity

Limitations and Future Research Directions

While the structural model developed in this study provides valuable insights into the macroeconomic
externalities of digital fiat assets, certain inherent limitations must be acknowledged, which open
important pathways for future economic research. A primary limitation stems from the model’s
closed-economy assumption. By evaluating the interactions between CBDCs, monetary velocity, and
financial stability strictly within a domestic framework, this research omits the highly complex cross-
border spillover effects of digital currencies.

In an interconnected global economy, the deployment of a highly liquid, stable retail CBDC by a
major economic power could lead to "digital dollarization" in foreign jurisdictions with volatile
currencies. Future research must expand this framework into an open-economy, multi-country
Dynamic Stochastic General Equilibrium (DSGE) model to analyze how international CBDC flows
influence exchange rate volatility, cross-border capital flights, and the independence of domestic
monetary policy in developing nations.
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Furthermore, this research assumes a frictions-optimized, highly rational consumer behavior matrix
regarding digital wallet adoption. In reality, retail adoption curves are heavily influenced by
demographic variances, digital literacy, privacy concerns, and behavioral inertia. The model does not
fully account for the coexistence of a fragmented shadow banking sector or the rapid evolution of
private decentralized decentralized finance (DeFi) protocols, which may compete directly with both
CBDCs and traditional commercial bank deposits.

Subsequent studies should integrate behavioral economics foundations to capture non-rational
consumer hoarding and model the strategic interplay between sovereign CBDCs and private
algorithmic stablecoins. This would help determine whether a central bank digital asset suppresses or
inadvertently fuels the expansion of parallel private financial markets.

Finally, while this study successfully maps out the structural changes in monetary velocity, the
empirical calibration relies primarily on historical payment data, proxy indicators from early-stage
CBDC pilots (such as China's e-CNY or the Bahamas' Sand Dollar), and simulated economic shocks.
As more nations transition from limited pilot programs to full-scale, nation-wide CBDC deployments,
researchers will gain access to real-time, empirical macroeconomic data.

Future research should leverage this upcoming data by utilizing advanced machine learning
techniques and time-series econometrics to empirically validate the theoretical transmission channels
identified in this paper. This empirical validation will continuously refine the structural parameters of
monetary models, ensuring that central banks can navigate the digital monetary revolution with
maximum precision and systemic safety.

Recommendations

. Implement Tiered Remuneration: Central banks must enforce a zero or negative interest rate on
retail CBDC balances exceeding a basic threshold to prevent structural deposit draining.

. Enforce Quantitative Holding Limits: Strict individual wallet limits must be integrated into the core
ledger architecture to prevent systemic, macro-second bank runs during crises.

. Establish Liquidity Backstops: Central banks must design automated standing repo facilities to
instantly re-inject liquidity back into commercial banks experiencing rapid CBDC-driven deposit
flight.
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