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Abstract

This paper explores the financial stability nexus within a monetary ecosystem that has
been expanded to include a central bank digital currency (CBDC). The paper examines the
new risks associated with the introduction of a CBDC, their mitigants and their potential
amplification factors. Economists and academics still seem to be split on the validity of
the traditional principle of separating money into two tiers of public and private money,
as a structural mitigant of the risks of deposit substitution and banking disintermediation
towards CBDCs. The potential amplification of the risks associated with CBDCs through
credit-related second-round effects is an additional concern. The systematic study of the
risks and mitigants carried out in the paper highlights the importance of partially adapting
the two-tier system of money by implementing certain limits, as envisaged in CBDC plans.
The endogenous mitigation of the risks through improved bank competition often attributed
to CBDCs is uncertain and may be insufficient from a systemic risk perspective. The
introduction of exogenous mitigants, like CBDC holding limits calibrated on the basis of a
robust methodology, seems instrumental to ensure the consistency of a monetary ecosystem
that includes a CBDC. Hence, the paper addresses some fundamental methodological
issues related to these limits, such as the rationale for alternative targets for the limits,
the influence of disintermediation speed, the time horizons involved in the limitation and
adaptation process, and the role of regulatory and market frictions. An illustrative empirical
analysis for the Spanish case indicates that financial stability might not be a concern for
reasonable levels of CBDC take-up, although the complexity and novelty of this instrument
call for a more in-depth analysis in the future.

Keywords: central bank digital currency, digital money, payments, financial stability.

JEL classification: E41, E42, E51, E52, E58, G21.



Resumen

Este articulo explora el nexo de la estabilidad financiera en un ecosistema de dinero ampliado
con una moneda digital de banco central (CBDC, por sus siglas en inglés). EIl documento
examina los nuevos riesgos asociados a la introduccion de una CBDC, sus mitigantes y sus
potenciales factores de amplificacion. Los profesionales y académicos todavia parecen estar
divididos sobre la validez del principio tradicional de separacién del dinero en dos niveles,
publico y privado, como mitigante estructural de los riesgos de la sustitucion de depdsitos
y la desintermediacion bancaria hacia la CBDC. La posible amplificacion de los riesgos
debidos a la CBDC a través de efectos de segunda ronda relacionados con el crédito es una
preocupacion adicional. El estudio sistematico de los riesgos y mitigantes realizado en el
articulo destaca la importancia de adaptar parcialmente el sistema monetario de dos niveles
mediante la adopcion de limites, como se contempla en los planes de CBDC. La mitigacion
enddgena de los riesgos fruto de una mayor competencia bancaria promovida por la CBDC
que a menudo se aduce resulta incierta y puede ser insuficiente desde una perspectiva de
riesgo sistémico. La introduccion de mitigantes exdgenos, como limites a las tenencias
de CBDC calibrados sobre la base de una metodologia sélida, parece fundamental para
garantizar la coherencia de un ecosistema monetario ampliado con una CBDC. Por lo tanto,
el documento aborda algunas cuestiones metodoldgicas fundamentales relacionadas con
estos limites, como la justificacion de unos obijetivos alternativos para su determinacion,
la influencia de los distintos tipos de desintermediacion, los horizontes temporales
involucrados en las limitaciones, la relevancia del proceso de adaptacion y el papel de las
fricciones regulatorias y de mercado. Un analisis empirico ilustrativo del caso espafiol indica
que la estabilidad financiera podria no ser una preocupacién para niveles razonables de
adopcion de CBDC, aunque la complejidad y novedad de este instrumento requiere en el
futuro un andlisis mas profundo.

Palabras clave: moneda digital de banco central, dinero digital, pagos, estabilidad
financiera.

Codigos JEL: E41, E42, E51, E52, E58, G21.
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1 Motivation and main contributions

The stability of monetary and financial systems is widely recognized as a complex and
potentially fragile social construct. The introduction of retail central bank digital currencies
(CBDCs) not only embeds new technology in the provision of central bank money, it also
expands retail agents’ access to central bank money in a qualitatively new way by boosting
competition with bank deposits, something that could have an impact on the current
architecture of the financial sector. This paper focuses largely on the stability component of
the assessment of the welfare effects of the introduction of a CBDC. Such a focused analysis
is particularly relevant when the CBDC in question has a universal scope, as opposed to

niche use cases.

This study aims to gather robust insights on the fit of universal CBDCs in the existing
monetary and financial system with a view to ensure consistency and stability. The literature
on CBDCs is already large but the stability implications of CBDCs remains to be a matter of
dispute. The complex ecosystem in which monetary and financial networks work explains
to a large extent the uncertainty that surrounds the scope of the stability effects of CBDCs.
But a review of the literature also shows that the understanding of the different dimensions
of the problem is varied and that some macroeconomic misconceptions could be present
(Bindseil, and Senner, 2024). Against this backdrop, the paper proposes a form of structural

analysis of the risks, mitigants and amplification factors posed by a CBDC.

The paper examines the stability nexus of universal CBDCs in three domains. The
first one covers their effects on the fragility of banks in normal and stress times. The sources
of fragility will be argued to call for restricting the amounts of CBDC holdings as main tool for
risk mitigation, as indeed envisaged in existing CBDC projects across the world. Restricted
money is not a new concept. The downfall of cash use in transactions follows intrinsic
technology related restrictions. The main novelty with universal CBDCs is in the rationale
and implications of capping the amount of CBDCs in circulation. At a fundamental level, this
feature arises out of the need to maintain the consistency of the overall monetary and banking
system, particularly in conditions of stress. The technological complementarity between
banknotes and bank deposits has traditionally prevented the emergence of consistency
challenges, making them a harmonious couple. In fact, the long-standing policy followed by
most central banks to fully accommodate the demand of banknotes both in normal and stress
times has not entailed noticeable financial stability risks. The degree of complementarity of

CBDCs with these forms of money is much less certain, motivating this part of the analysis.

The argument for restricting universal CBDCs as money can also extend to
their remuneration. The stability of the money ecosystem appears to be highly sensitive
to CBDC remuneration. The universality attribute proves to be instrumental in generating this
elevated and permanent sensitivity. A strong substitution (by design) between commercial
bank money and the new universal central bank digital money could be prone to cause
instability by design. Limits on CBDC remuneration arise as an additional and independent

line of defense against those risks.
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A second strand of the stability-related arguments made relate to the time horizons
needed to lift holding restrictions and (gradually) accommodate the underlying demand
for a CBDC. The uncertainty regarding its disintermediation effects, mainly through the
substitution of bank deposits with CBDC, may advice to accommodate the underlying
demand of CBDCs just gradually. But foresight of additional substitution of deposits can
be a source of risks ex-ante due to moral hazard of the banks involved in the distribution
of the CBDC or to accelerated substitution by depositors. In parallel, the impossibility to
replicate with a CBDC the “safety valve” role for the monetary system typically played by
banknotes during certain major crisis (both economic and cyber) also raises the question of

their coexistence with banknotes.

A third aspect of the stability nexus connects the fragilities and restrictions of CBDCs
with the nature of public-private cooperation in the monetary and financial system. The two-
layered monetary system' has traditionally shielded commercial bank money from a competing
public money offer, something that CBDCs would shake. The paper frames the restrictions
of CBDC holdings and remuneration as necessary alternative mitigants of the structural risks
that they entail. These mitigants should also influence positively the new governance of
CBDC projects strongly reliant on co-opetition.? Additionally, the paper clarifies that the two-
money layered money system does not limit public interventions when market failures in the
money mobilization framework justifies their actions. Inertia of the technology of payments
infrastructures due to network effects (“sticky stability”) is argued to have been often an

important driver of such public action in the past much as it may be now for CBDCs.

The empirical section of the paper highlights the importance of the calibration of
CBDC constraints. Achieving an optimal balance of advantages and disadvantages is crucial.
Considerations for maintaining financial stability provide a solid foundation for sensibly calibrating
the constraints to be placed on CBDCs so that they function effectively and the system remains
resilient overall. The precision of calibrations and the credibility of the associated commitments
are crucial in influencing the scope of the effective interchangeability of CBDCs with deposits
and/or banknotes. The specific impact is contingent upon a variety of factors, including
aggregate liquidity conditions, financial frictions at play, and intermediary heterogeneity. The
complexity of the issue justifies the cautious approach taken by central banks worldwide as they
lay the groundwork for a potential CBDC launch. This approach involves gaining knowledge

and insights to guide the eventual development and rollout of a CBDC.

This paper also undertakes an analysis of the potential impact of a retail CBDC on
the Spanish banking market. Although its purpose is mainly preparatory and methodological,

its conclusions suggest that the implications of a digital euro for financial stability could be

1 A two-layered monetary system refers in a nutshell to the fact that only commercial banks deal with reserves at the
central bank while everybody else operates with bank deposits. The use of banknotes has been traditionally the only
shortcut to the access to central bank money for non-banks.

2 Co-opetition refers to cooperative competition, i.e. a sort of seemingly contradictory but widespread economic
engagement (see Nalebuf, 2021) at the core of CBDCs because commercial banks operate as essential distributors of
CBDCs while may be exposed to their disintermediation impact.
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acceptable under a sufficiently prudent calibration. The results can only be tentative as the
analysis is partial. In any case, the reassuring conclusion does not preclude the presence of

potential heterogeneous impact for credit institutions of different sizes.

The paper is structured as follows. Section 2 places CBDCs in the context of the
technology shocks on money and underscores the special importance for financial stability
of universal CBDCs. Section 3 prepares the ground for the CBDC focused discussion on
financial stability risks in section 4. This last section examines systematically the new risks
associated to the CBDCs, the uncertainty and challenges that surround potential mitigating
factors and the potential of fragility outcomes in the banking sector in the form of slow and
fast disintermediation. This section underscores the importance of holding limits on CBDCs
and their robust calibration as exogenous structural mitigants of risks. The section also
highlights the impact of uncertainty on the dynamics of lifting holding restrictions and the
questions that this raises. Section 5 emphasizes the importance of calibration of limits based

on a practical application for the Spanish banking system and section 6 concludes.
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2 CBDCs and the digitization shock to money, banking and payments

Digitization has been reshaping economies for several decades now. The momentum and
scope of these changes are currently in full march thanks to a diversity of technologies.
Their evolution since the rapid expansion of the internet era in the late 90s has given rise
to new use cases and business operational models, including e-commerce, social media,
and investment platforms. The majority of these economic shifts driven by digital progress

directly impact or necessitate adaptations in the handling of money and payments.

However, the foundational internet infrastructure that facilitated the rise of the
virtual world online was established with a fundamental shortcoming in its financial domain,
as emphasized by (Andreessen, 2019). The IT protocols enabling seamless interaction
in cyberspace did not anticipate the integration of financial transactions. Initially, control
over data privacy was also inadequate, but subsequent remediation of payment and data-
related vulnerabilities, along with the establishment of comprehensive business models, has
propelled online commerce significantly and engendered the emergence of new information
intermediaries. Major tech conglomerates have thrived by extensively exploiting unpriced
information exchanged on their commercial platforms. The eventual concentration of
commerce in these new “islands” of trade was bound to induce significant changes over

time in the more fungible aspect of the process — namely, money and payments.

The adaptation of money and payments in response to these developments has
followed two main paths of action. The first one has sought to enhance the efficiency and
security of a rapidly expanding digital economy through gradual adaptation of processes
and systems. The main priorities have been addressing the propensity to fraud and deception
present in an online environment. But this gradual evolution has brought also innovative
services like instant payment services in many jurisdictions. A second set of transformations
have threatened to revolutionize the money system itself. The introduction of non-bank
private money by big tech operators to facilitate trade in the new digital “islands” in the form

of so- called “stablecoins®” has sparked reminiscences of the free money era.

One of the motivations for the implementation of a central bank digital money is
to address the risks of an evolution to a monetary system based on risky cryptocurrencies.
These instruments have sparked prudential regulation responses* to tackle their associated
risks, but the adaptation of central bank money to the digital age seems to require additional
structural measures, such as CBDCs, that conform to an expanded set of needs for money
users. Commercial bank money is also in the process of adapting to the new technologic

requirements of the “Finternet era” (Carstens, 2024) by exploring tokenized deposits.

3 A stablecoin is a type of cryptocurrency token designed to maintain a stable value, often pegged to a fiat currency, and
usually backed by reserves of traditional financial assets.

4 In particular, the FSB and standard setter bodies like the BCBS and CPMI-IOSCO have issued rules to cope with
the financial stability risks associated with crypto and more specifically with stablecoins. In particular, the recourse to
blockchain rails to effect payments has been subject to the standards of safety regarding financial infrastructures in
general.
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Unsurprisingly, the need to adapt central bank money to the digital world coincides
with a declining use of the central bank money token per excellence, i.e. banknotes. While
the circulation of banknotes continues to rise (Shy, 2023), their limited convenience for
transactional purposes, especially online, are becoming widespread (ECB, 2024). Central
bank digital currencies can address this gap in the money ecosystem by being configured

as the digital counterpart to traditional banknotes.

The diversity of CBDC models may be large (Genc, and Takagi, 2024). Universal
CBDCs are aimed at establishing a universally enforceable central bank digital monetary
instrument as well as the infrastructure that enables its broad penetration and interoperability
with all the forms of money. Universal CBDCs thus constitute, together with digital identity
and others, a fundamental component of the emerging notion of public digital infrastructures

(Eaves, 2024). The focus of this paper is in universal CBDCs.
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3 Risks and mitigants in the architecture of money and banking. The path
towards CBDCs

The architecture of money and banking has advanced across time along an evolutionary
process that integrates functional goals, risks and mitigants thereof. This section examines
the novelties introduced by universal CBDCs in this structure and motivates the need of new
kind of mitigants that tame new financial stability risks. Table 1 provides a frame of reference
for this preliminary analysis that sets the ground for the more in-depth discussion in section

4 of the financial stability issues associated with CBDCs.

3.1 Multiple monetary instruments and banking

The technology underlying the architecture of money shapes its performance and risks.
Money can be considered as “memory of economic value” (Kocherlakota, 1998). This

definition aligns well with the idea of a digital implementation of money. But the diversity

Table 1
The ecosystem of money attains its functionality and overcomes the risks to money singleness thanks to various

Free Banking Banknotes Bank Deposits CBDC
Rationale Fragmented trade Two-tier money with parity Two-tier money with parity: Digital shock to money (h):
Insufficient central powers  Gravitation of powers — Borrowed private money — ¢Back to free banking?
Spatial gaps in money Private credit system
Risks/costs Real costs of no parity Costly exchange technology Deposit contract fragility (e) Substitute of bank money (i)
Instability of banks Safe instrument to run Growing bank powers (f) ¢ Slow disintermediation? ())
No lender of last resort Private inertia to coordinate (g)  Public and ¢ private credit? (k)

Fast disintermediation ():
— Leaking pipe in crisis
Adoption risks (m):

— Coopetition and privacy

Cyber
Mitigants Creation of clearinghouses  Two-tier money (a): Two-tier money (a): Limits on:
Emerging tiering: — Not competing central bank — Regulation and supervision — Holdings and remuneration (n)
i.e. hierarchy Balance of risks and costs: — Lender of last resort — Institutional
— Safety valve in crisis (b) — Presumption of support New Two-tier money (0):
Complement of bank money (c):  Correction of mobilization — Governance of coopetition
— Privacy and fiat — trust market failures — Public coordination
— Remuneration — costly storage — Control over convertibility
Robust to diversity of shocks (d) — Recycling and refinancing

SOURCE: Own elaboration.

NOTE: The table attempts to map the main concepts that have shaped the singleness and stability of money under various architectures (column view) The table
has an implicit time dimension from left to right and attempts to place in context the features discussed in the text for CBDCs. The numbered circles attempt to
highlight relevant issues in the text. (a) is addressed across the whole document due to its role as structural mitigant that is challenged by CBCDsr. (b), (c) and
(d) are highlighted because they describe the sources or consequences of the internal balance achieved with banknotes. (), (f), (g) highlight the main sources of
fragility potentially shocked by CBDCs. (h) is covered in section 3.3. The substitution (i) and adoption risks (m) associated with CBDCs are covered in section 4.1
while the potential consequences in terms of slow disintermediation (j) and fast disntermediation (I) are extensively discussed in section 4.2 The role of
endogeneous mitigants like the alleged improvement of bank competition (f) thanks to CBDCs and the operation of effects through transformations in bank credit
(both dealt in section 4.2) shape the uncertainty on the ultimate outcome. The main part of the paper corresponds to (n) and (0). The need to enforce a reformed
two-tier money system leads to the need to impose remuneration limits that emulate the ones of physical banknotes and holding limits that emulate the costs of
storing big amounts of physical banknotes. (m) is mainly covered in 4.2 but the governance component (o) is briefly addressed in 4.1.
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of money forms witnessed across time underscores the variety of “technologies” that can
underpin the performance of a “memory of economic value” and, ultimately, the role of
trust as a fundamental factor common to all of them. In particular, banknotes and bank
deposits have coexisted for long as two different forms of money with a markedly different
technological underpinning but jointly leading to a trusted and single ecosystem of money.
That is, one where convertibility at par between the different money instruments is taken
for granted. In contrast to such integrated arrangement, bank notes issued separately
by commercial banks during the Free Banking period provided a disintegrated and risky

implementation of money (Dwyer Jr, 1996).

A diverse but single ecosystem of money, like the one classically conformed by
banknotes and bank deposits, reconciles the needs posed by a multiplicity of use cases of
money with a requirement that money is convertible at par between modalities. Two broad use
cases are the ones corresponding to a medium of exchange and to medium to store economic
value. The diversity of technologies underlying coins, banknotes and bank deposits caters to a

mix of use cases that exhibit different transaction costs and ancillary services, like remuneration.

The impossibility to pay interest on banknotes has created a financial differentiation
with deposits. But maintaining the confidence of convertibility of deposits at par has bound
together the ecosystem of payment and saving instruments. Classical models of money as
medium of exchange like Baumol-Tobin (Baumol, 1952) rationalize the role of transaction costs
in the demand of deposits conversion into banknotes. (Townsend, 1980) provides additional
structure by emphasizing the ability of physical banknotes to serve as spatial bridge for the
transfer of economic value where commercial bank money does not reach. Digitalization

obviously alters this particular logic, but it still requires a reliable convertibility at par.

The storage of economic value in a monetary instrument does not escape either
the logic of comparative advantage. On the one hand, storing economic value in banknotes,
whose eminent function is to act as medium of exchange, entails unquestionable costs if the
alternative (bank deposits) entails a remuneration or if it is safer. But it can be advantageous
if it is private control over the monetary medium what matters most to economic agent, be

it because of convertibility fears affecting bank deposits or because of privacy concerns.

But the rationale of a balanced ecosystem of money has held up relatively stable
despite the secular changes that have taken place in the past. The trade-offs between
physical banknotes and bank deposits have evolved across time without fundamentally
breaking apart the singleness of money and their complementary relationship at storing
economic value (Shy, 2023). This is so even though the transactional rationale for holding
banknotes has significantly lost ground as banks and credit card agencies have deployed

more effective rails to mobilize commercial bank money.
The risks to the architecture of money have also changed as the composition of use

cases of money evolved over time. A tilt in the ecosystem of money towards commercial

bank money has entailed intrinsically a shakier foundation for money due to the brittle nature
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of demand deposits as input for the production of demand deposits (Diamond, and Dybvig,
1983;Gersbach, and Zelner, 2024).

Over time, the fragility of commercial bank money has led to broader regulatory,
supervisory and bank supporting frameworks aimed at containing crisis. Public intervention
has thus rebalanced the profile of private money towards a public status and thereby
contributed to a diminished incentive to drawdown deposits. On the other hand, the limits
of the protections applicable to depositors together with the expansion of money use cases

where the privacy of banknotes is central have operated in the opposite direction.

All'in all, the complementary nature of the technologies underpinning banknotes and
deposits has ultimately held the money ecosystem in balance. Banknotes face an intrinsic
limitation to be a competing instrument of bank deposits. The transaction and holding costs
associated with physical banknotes thus limit the conditions under which a run on deposits
is attractive. In fact, physical banknotes have traditionally been viewed as a sort of “safety
valve” for the money system. A drawdown of deposits to banknotes can impose frictions that
may automatically limit further outflows and ultimately offer some leeway to gain time and
stabilize the system. Consistent with this behavioral pattern, the elastic supply of banknotes,
i.e. the accommodation one-for-one in the demand of banknotes, has traditionally counted as

important central bank policy to enforce trust in the singleness of money (Champ et al., 1996).°

3.2 Structural mitigants of risks: The separation principle and central banking

Section 3.1 has argued that transaction costs and remuneration generate a differentiated
ecosystem of physical banknotes and bank deposits that nonetheless exhibits a degree of
internal consistency limiting financial stability risks. In a nutshell, such a balanced coexistence
is the product of a structural complementarity between public and private money. The fact
that physical banknotes could not be remunerated has played an important role in such
complementarity. However, the argument takes for granted an institutional setting where
public money in general (either in the form of banknotes or of alternative central bank

liabilities) and private money (in the form of bank deposits) are effectively separated.

Financial stability concerns have played historically a crucial role in shaping the
separation principle. Lower levels of economic and political development have sustained
in the past more fragmented monetary systems like the one prevailing during Free Banking
period in the United States. Bank notes issued by different banks provided a diverse palette
of money instruments that served not only as a medium of exchange, but also as instruments
to cover both local and regional trade funding needs. In this system an effective tiering of
money is absent. Such a fragmented arrangement for money is well known to entail both real

costs and financial stability risks (Dwyer Jr, 1996).

5 This is confirmed, for example, by the statistical regularity that, superimposed to a secular pattern of increasing holdings
of banknotes, the balance also exhibits temporary spikes linked with their role as “safety valves” in situations of crisis.
A similar historical regularity (no longer valid in general) was the reduction of the likelihood of bank panics when the
system of banknote issuance is flexible, because then risk of reserves being depleted and necessitating a halt in cash
transactions is lower.
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The stable separation between public and private money (tiering of money) can
emerge when the financial policies carried by a sufficiently powerful government attempt
to permanently direct the powers of the central bank towards this goal. (Goodhart, 1988)
lays bare how the tiering of money between central bank reserves and commercial bank
money emerged over time as a stable institutional outcome that eliminates the inconsistency
that central banks could at some point compete with commercial banks. The supply of
deposit-like instruments for savings by governmental institutions with policy powers was

thus discarded and, instead, the only public money available to non-banks was banknotes.

The tiering-of-money also planted the seed for gradual development of regulation
and supervision to control the risks associated to commercial banking activities, in particular
depositary activity. The emergence of central banks in the transition from free banking to
modern monetary arrangements is the highlight of the institutional evolution to a regulatory
role to ensure the consistency of the ecosystem of money. The modern institutional framework
seeks to underpin the trust in the convertibility between different money instruments at par

(singleness of money) and ensure the overall financial stability of the system.

The risk that inefficient money mobilization systems could endanger the effective
singleness of money underpins the fundamental role of central bank policies in that area.
Their powers to enforce coordination and competition between private money issuers as
well as their own capacity to provide efficient money mobilization frameworks has remained
a mitigant of risks in both retail and wholesale payments. Financial stability considerations
have thus long justified a direct involvement of central banks in the provision of rails for
wholesale payments. The argument is particularly well established regarding the cash
side of wholesale transactions. The interconnected nature of interbank markets and the
associated risks to financial stability have led central banks to innovate in wholesale
payments, reflecting their complementary relationship with central bank operations (CPMI-
I0SCO, 2012). But the case for an episodically active involvement of public actors in the

provision and/or configuration of retail payment systems has also a long tradition.

The need of public initiatives in the field of private payment systems is also significant.
(Padoa-Schioppa, 2004) elaborates on the indirect role of central banks at shaping payment
systems by fostering soundness and competition. But the need is particularly strong when
network externalities and coordination failures between commercial money issuers leads to
inertial and slow modernization of existing systems. (Leibbrandt, 2004) documents how the
provision of payment services in many jurisdictions experiences episodes of technological

inertia that explain lock-in in inefficient solutions.

A well-known case study of this problem is the long-time persistence of checks as
the most used retail payment instrument in the US, well beyond the time when time when
their use was efficient (Humphrey et al., 2000). By contrast, the publicly led initiative to
introduce giro payments in the Netherlands at the start of the XX century as a replacement
of checks highlights the potential for dynamic efficiency of public powers at technologic

turning points.
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3.3 CBDCs: new rationale, new risks and new mitigants

As discussed above, CBDCs are in its purest essence a digital replica of physical banknotes.
At an abstract level, they should keep ensuring the singleness of money in the digital world. At
a more concrete level, their operation in digital environments addresses the use case gaps
left uncovered by the latter in the increasingly online world. A common rationale of CBDCs
in most jurisdictions is as instruments to advance in the modernization of payments and

overcome inertia.t

It is difficult to assess whether the wave of CBDC projects worldwide can be
framed within the inertia paradigm because the ecosystem of payment services is currently
vibrant (McKinsey, 2023). For example, the increasingly widespread private provision of fast
payments across the world may led to conclude that payments technology is less sticky than
in the past. But the fact that many of these advances typically just take place on the back of
publicly provided infrastructure (that leverages public wholesale Real Time Gross Systems)
and that organic transformations in bulk segments are still hampered by concentration

should lead to caution.

This technological modernization of public money may entail qualitative effects on
the ecosystem of money that go beyond the immediate efficiency gains to hold and pay
with public money in digital environments. This is particularly the case when the CBDCs are
designed with a universal intent, as defined in section 2, broader than that of a digital replica
of a physical banknote, to provide with digital public money a range of basic services similar
to the ones offered by commercial bank money. The risk mitigation effects brought about by

the tiering of money might be thus compromised.

The relationship of complementarity between bank deposits and banknotes can
be transformed into one of substitution in relation to CBDCs. The financial stability risks of
allowing open competition between fragile commercial bank money and an unrestrained
form of CBDC would be high as operational, financial and safety attributes of CBDCs could
strictly dominate over the ones of bank deposits. In this context, constraints as regards the
remuneration rate of CBDCs or the imposition of limits to their ability to carry economic value

will be argued to be fundamental to still mitigate financial stability risks.

The scope and nature of the constraints needed to deal with the new risks posed
by CBDCs is still a disputed matter. Their need as well as the role of various mitigants still
divides practitioners and academics. The macroeconomic literature seldom articulates a role for
explicit regulatory constraints (exogenous mitigants) on CBDCs, placing more emphasis on the
expected improvement in competition (endogenous mitigants). On the contrary, practitioners
have highlighted the need for regulatory constraints in order to safeguard the stability and the

singleness of money in a setting with only partial separation between CBDCs and money applies.

6 In particular, in Europe the impact assessment studies of multiple legislative initiatives adopted by the European
Commission with that objective since the inception of the euro confirm the stickiness of various market failures that limit
the transition to a more efficient and integrated system (see, European Commission Staff (2013, 2022, 2023))
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4 CBDCs and financial stability outcomes: risks, mitigants and amplification
mechanisms

A welfare assessment of CBDCs calls for weighing their purpose and benefits, their
associated risks as well as their mitigants. The nature of some of these components has been
anticipated already in section 3.3. The purpose of the current section is to conduct a more

systematic analysis of the relevant factors, with a focus on financial stability considerations.

Section 4.1 elaborates on the role of substitution of deposits and adoption/
governance issues as major drivers of financial stability risks. Section 4.2 focuses on the
potential for slow bank disintermediation or, equivalently, medium term fragility (4.2.1) and

for fast bank disintermediation or, equivalently, short-term fragility (4.2.2).

A summary of the main conclusions of this section is as follows:

— First, net negative effects of CBDCs over financial stability are not an automatic
or inevitable outcome of their introduction. The erosion of the capital generation
capacity of banks due to the operation of substitution effects and associated funding
shocks can be contained with an appropriate CBDC design and the establishment

of funding compensation mechanisms (e.g. special refinancing lines).

— Second, the operation of endogenous risk mitigation effects, like expected

improvements in bank competition thanks to CBDCs, is uncertain.

— Third, a deliberate policy of limits on CBDC holdings and on remuneration
is instrumental to ensure stability against such uncertain backdrop. These
conclusions are reinforced when considering the deeper uncertainty associated

to potential effects on credit.

— Fourth, overall uncertainty calls for a policy of gradual lifting of constraints on
CBDCs across time, i.e., one that matches the pace of transformations in the

financial sector and their crystallization in sound outcomes.

41 A brief look into the fundamental drivers of risk

Substitutability between CBDCs and bank demand deposits can be a fundamental driver
of the activation of fragilities in the banking system upon the introduction of this new
type of instrument (see 4.1.1). Additionally, adoption or governance risks are also fundamental
drivers of CBDCs’ economic performance (see 4.1.2). The failure of a universal CBDC to
function as desired would leave unaddressed the financial stability risks that motivated their

consideration in the first place (see section 2).

Some specific channels for the materialization of adoption and/or performance risks

like privacy and cybersecurity failures also exhibit a systemic profile, but will be addressed
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here just in cursory way, as they involve technological design issues away from the financial

stability focus of the current article.

4.1.1 Substitutability with deposits

CBDCs exhibit a set of hybrid attributes that renders a priori uncertain their degree of
substitutability with bank demand deposits and, hence, their overall impact on financial
stability. As discussed above, CBDCs can range from digital analogues of banknotes to
instruments with similar characteristics to bank demand deposits. The safety profile of
central bank digital currencies (CBDCs) is largely similar to that of demand bank deposits
protected by a deposit guarantee program. Indeed, CBDCs could potentially serve as
direct replacements for term deposits if their allowed maximum outstanding balance and
compensation reached a significant level. This may explain that the macroeconomic oriented
literature resorts to retail deposits as point of comparison. Contemplating CBDCs as direct
substitutes of term deposits would emphasize a role for them in the channeling of savings

as opposed to a role as facilitator of payments.

CBDC effective substitutability with deposits is strongly design dependent. Its
scope and intensity is shaped by an interlinked mix of financial and service related attributes.
Service related considerations are a function of the use cases contemplated in the design
of a CBDC, and the universality of their scope. Meanwhile, the key financial attribute is the
remuneration rate attached to the CBDC, a feature that may impact significantly the speed

of bank disintermediation.

The degree of service-related substitutability of CBDC and deposits may be very
diverse. It may stretch from the extreme case of seamless and unconstrained integration
with deposit accounts to one where the presence of frictions put sand in the interoperability
of flows between CBDCs and bank deposits. The disintermediation risks experienced by a

bank are obviously greater in the former case.

A bank account that is nominally interoperable with the CBDC could still be subject
to frictions due to uncooperative practices (e.g. fees on money movements) as a defensive
bank strategy against disintermediation. Such moral hazard risks might be limited by
design, through a mechanism that combines a CBDC holding cap and a procedure to drain
overflows, so that flows larger than the CBDC limit can be processed by drawing on the bank
account or, alternatively, by depositing the excess of funds (this is envisaged for the digital
euro, see section 5.1 ). The joint operation of a cap and a waterfall can preserve both the
storage value and the transactional purpose of deposits outside the constrained range of
operation of the CBDC.

Instead, a CBDC that incorporates structural frictions may be less attractive and less
risky. (Li et al., 2024) demonstrate this phenomenon by analyzing the hedonic evaluations
of CBDC demand in various distribution settings, such as CBDCs distributed through

Canadian postal offices or bank branches. A subtle friction that may limit competition is the
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operation of bundling effects in the provision of financial services by banks across a range

of complementary products (mortgages and checking accounts, for instance)

A fundamental friction that might isolate CBDCs and bank deposits is imperfect
convertibility, a sort of endogenous exchange fee between money forms. Although
lifting the assurance of convertibility by design entails breaking with the singleness of
money, the financial stability concerns caused by disintermediation potential of CBDCs
have prompted academic proposals to relax convertibility. An extreme form of convertibility-
based differentiation between CBDCs and bank demand deposits is the one proposed by
(Kumhof, and Noone, 2018) who advocate an arbitrage-based model of money that hinges
on fluctuating exchange rates between the two, not unlike the relationship of the market
of value stablecoins with the value of actual money. Relaxation of CBDC convertibility by
design thus breaks with some of the fundamental tenets of efficiency and risk profile of the

money ecosystem.

Financial and service-related features could exhibit certain coupling in order to
safeguard some minimum demand of CBDC and limit the risk of adoption failure. Namely,
some component of CBDC remuneration could potentially be a function of the CBDC
convenience relative to bank deposits. Some CBDC features, like a perception of differential
privacy between deposits and CBDCs, may never be amenable to compensation with a

remuneration differential.

The academic literature has relied commonly on parsimonious models based
on the utility provided by different baskets of money to represent different scenarios
of substitutability. The drawbacks of this strategy relate to implicit assumption on the
scale of the flow of liquidity services and of CBDC demand (Bindseil, and Senner, 2024).
But bearing in mind this limitation it can be at least informative of the role of interest
remuneration on substitution effects. In particular, the use of a CES (Constant Elasticity
of Substitution) aggregator for the liquidity sources that feed the agents’ utility of liquid
financial holdings is particularly handy. A split of this overall balance L between demand
deposits (D) and CBDCs (C) and a parameter of substitution (€) can represent situations
where they are perfect complements (e = 0) and perfect substitutes (e = 1) as well as

intermediate ones. Formally,

L - [(1 - W)e D1-e+ we C1-e]1/(1-e)

where w represents the benchmark preference attributed to each of the liquidity sources.
(Cirelli, and Nyffenegger, 2023) recollect some of the assumptions on the liquidity substitution
made in the literature to characterize substitution between CBDCs and bank deposits. The
range identified for the parameter e [0.125-0.7] provides the basis for a sensitivity analysis
of the demand for each of these two forms of money. In this theoretical setting (Cirelli,
and Nyffenegger, 2023), it is also possible to define a partial equilibrium condition for the
relation between demand for deposits (D) and CBDCs (C) that captures both preferences

and differential remuneration effects. Namely,
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Chart 1
Demand of CBDC relative to the one of deposits for a range of remuneration differentials (a)
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a The chart represents the relative demand of CBDCs when their weight in the utility of liquidity services is 15% (green discontinuous line).
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where r, rf and r° and stand for the remuneration rates of the safe asset, of deposits and of

CBDCs, respectively.

In addition to the substitution of bank deposits with CBDCs, the possibility
of banknotes being replaced should also be considered. The strength of substitution
between banknotes and CBDCs is uncertain considering how the demand of banknotes
has withstood the substitution pressure from already existing digital payment instruments

because of their complementary use cases.

Anotherimportant driver of uncertainty as regards the true scope for disintermediation
is the actual preference w for different liquidity sources. This uncertainty renders the problem
of disintermediation dynamic. The supplied share of liquidity services w* may be different of
the demanded one when holding limits constrain the uptake of CBDC. A preferred share
of CBDCs in excess of the supplied share w* would leave an unsatisfied level of demand
that would not manifest itself immediately, but would lead to further disintermediation of
deposits in the future, i.e. when the cap is eventually lifted. The issue has a direct bearing on

the policy of limits discussed in 4.2.1.3.

Making a right choice on the remuneration differential between demand deposits
and CBDCs seems to be critical to achieve a working ecosystem of money when including
the latter. Chart 1 depicts relative demand of CBDC for various scenarios of the parameter
e driving elasticity of substitution and for range of differential remuneration values. High
substitution (low value of e ) implies that the remuneration differential between CBDCs and

demand deposits must be narrow for coexistence to take place.
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Another potential driver of uncertainty regarding the scope for disintermediation
is the actual policy guidance followed by authorities for CBDC remuneration. The diversity
of responses on this issue tends to parallel the range of goals under consideration. In the
macroeconomic literature, financial stability considerations have been largely shadowed
by policy choices where CBDC remuneration is exploited as a tool that that expands the
macroeconomic stabilization toolkit. (Bindseil, and Senner, 2024) undertake a critical review
of heterogeneous modelling assumptions on CBDC design and launch conditions which have
led to misconceptions relative to the one of the announced CBDCs. In particular, modelling
assumptions in the academic literature reviewed tend to determine that the remuneration of
CBDCs does not entail significant substitution effects with deposits whilst these very same
risks have led central banks to curtail the pre-announced remuneration of CBDCs to the one

of physical banknotes.

Public finance goals are sometimes perceived as influencing potential CBDC
remuneration choices beyond the intent of existing plans. (Bacchetta, and Perazzi, 2021)
analyze the optimal remuneration that would balance the opportunity costs of holding a
CBDC and its impact on central bank seigniorage. A higher remuneration of CBDCs would
induce outflows of deposits and households could then capture the rents that would flow
just to bank’s shareholders if deposits were not disintermediated. Interestingly, however the
authors highlight the relative irrelevance of such public finance mechanism in significantly
modulating CBDC remuneration rate if the general opportunity costs of holding money are

low, as it has happened after the global financial crisis.

The adoption of a micro-economic goal tends to place CBDC remuneration within
anarrow range. The enhancement of the efficiency of money mobilization with CBDCs must
reconcile a sufficiently high remuneration level that incentivizes holding liquid balances
with the containment of deposit disintermediation effects. Chart 1 has highlighted that
this range gets tighter as the propensity for substitution is larger. The close to zero rate
of demand deposits (see Chart 2) places CBDC remuneration within the interval [0, r, + A]
where A reflects the willingness to pay (implicit fees) to hold transactional balances in a
commercial bank as a reflection of bundled services. The higher the stickiness of demand
deposits the larger the magnitude of A. Certainly, a CBDC subject to a holding limits might
theoretically be remunerated at higher rates than indicated by the given range, albeit at
the risk of creating “latent financial pressure” to substitute deposits once limits are revised

down the road.

Decisions on CBDC remuneration across time further adds an uncertainty layer and
may lead to potential disintermediation fears. A direct need of adjustments results from the
varying mix of opportunity costs of CBDC demand as financial conditions evolve. Chart 2
displays for the Spanish market the dynamism of benchmark rates relevant to determine the
relative demand of CBDCs. But CBDC remuneration adjustment may entail political economy
costs for central banks with an uncertain net effect on the materialization of disintermediation
risks. Against this backdrop, (Paul et al., 2024) highlight the importance of calibrating CBDC

remuneration as a spread relative to a relevant exogenous (market or policy) rate.
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chart highlights the sticky dynamics of demand deposits and the (loose) link of other bank funding rates to the safe asset rate.

All in all, the multiple trade-offs influencing optimal CBDC remuneration have
led practitioners to prefer a static remuneration at 0% or a value close to that value. As
a compromise solution, the merits of a such a choice are not obvious. It may deter from
CBDC adoption due to the limited width of the remuneration range where CBDCs could
compete with deposits. But it limits disintermediation risks and looks like a particularly
stable standard, because it is conceptually underpinned by uncontroversial rules on the
remuneration of money like setting it so that cost of holding money equals the (zero) marginal
social cost of satisfying its demand (Friedman rule) or the one that asserts that intermediate
goods serving payment purposes should not be taxed (Guidotti, and Végh, 1993). The fact
that these rules are unrelated in substance with the problem of CBDC remuneration tends

not to be weighed in.

4.1.2 Adoption and governance-related risks

the lack of widespread adoption of a universal CBDC would mean that the original concerns

motivating its consideration remain unaddressed, potentially leading to continued exposure

to significant risks in the future. In particular, the threats over the singleness of money from

“stablecoin” based payments, the improvement of retail payments or monetary sovereignty

could be compromised.

CBDCs adoption success entails overcoming the network effects of existing
instruments and arrangements. The provision of both basic and value-added payment

services in the increasingly digital world is a primary ingredient for a CBDC to compete in

the market. (Ledn et al., 2024) show with the help of agent-based modelling techniques that

introducing a CBDC without attractive design options and stimuli could result in low and
slow adoption. They calibrate a CBDC to Spain’s retail payment ecosystem to conclude that
features like waterfall arrangements (envisaged for the digital euro) and positive remuneration

spread are effective to foster adoption.
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Social conventions can also be a hurdle for adoption, with systemic consequences.
Social preferences on privacy and on public-private cooperation are two outstanding
issues that may shape social acceptance of a universal CBDC. The information content of
CBDCs may touch on social values on the privacy content of money that have proved to
be very important for the demand of physical banknotes. The minimal information carried
by banknotes on anything other than their value stands behind the significant widespread

demand for large banknote denominations (Shy, 2023).

The presumption of privacy for CBDCs is less credible than for banknotes due to
their digital implementation and, in any case, a trustworthy implementation of privacy may
require costly data engineering.” Society’s apprehensions regarding the examination of
transactions completed through deposits are often mitigated by the safety provided by the
incentives of intermediating banks to protect their customers. CBDCs lack a similar form of

mitigation. Their demand could thus be very sensitive to the perception of privacy.

The solution implemented to handle the privacy problem posed by universal CBDCs
tends to tighten the links between central banks and commercial banks. A consistent standard
for setting up the CBDC privacy profile, designed to promote widespread acceptance and reduce
potential drawbacks, involves treating it in the same manner as physical banknotes and bank
deposits within similar usage scenarios. But such a symmetric benchmark reinforces the natural

complementarity between central banks and commercial banks in the distribution of CBDCs.

Privacy concerns compel to envisage within the standard the delegation to banks
of the handling of any privately sensitive information throughout the life-cycle of CBDCs.
On-boarding,® screening and servicing CBDC holders are information sensitives phases
where banks need to step in beyond inter-operability needs. Information handling binds thus
binds particularly closely central banks and commercial banks in the co-opetition process
of CBDC distribution.

A universal CBDC strengthens the dependence of central banks on the distribution
services provided by commercial banks. The distribution of banknotes also entails close ties
but interoperability requirements with bank deposits present in CBDCs reinforce the bonds
between institutions. The realignment of incentives associated with CBDCs represents a
transition from cooperation to “coopetition”. Coopetition refers to situations where competing
agents also must cooperate to achieve a common goal or get ahead. The value creation
proposition of CBDCs entails co-opetition when the new technology of money achieves the

pretended advantages while preserving the stability of the system.

The risk of moral hazard under co-opetition stresses the importance of its effective

governance. The governance requires compatible incentives as well as regulatory initiatives.

7 The recourse to encryption protocols that use zero-knowledge proofs provides privacy during transactions but the
required computations may slow down throughput.

8 Onboarding refers here to the process of assimilating new customers and gathering relevant information about them.
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From a design perspective, the dictum “we need to be successful [..with the launch of a
CBDC...] but not too much” (Bindseil et al., 2021) highlights, for example, the importance of
limiting the downside for banks through a proper calibration. A consistent business model that
remunerates banks for their participation and a disciplining toolkit that drives them towards

the public policy goal stand out as core elements in an ideal CBDC governance model.

A proper regulatory and supervisory toolkit is an essential component for the
working of CBDCs. In the context of a CBDC project, the need for stabilization measures
arises from a diversity factors like disagreements on fees to be applied, on the technical
features of the instruments themselves and shirking. Admittedly, regulatory and supervisory
layers create governance and management challenges of their own. (Auer, and B6hme, 2021)
highlight the novel trade-off for central banks that emerges in the supervision of privacy-
enhanced CBDCs. Namely, a complex technical/supervisory infrastructure is required
to overcome the impediments posed to simultaneously ensure privacy while enforcing
performance and integrity on an account basis. Similarly, the regulatory toolkit to eliminate

moral hazard and preserve innovation expands the traditional set of duties of central banks.

4.2 Financial stability outcomes, risk mitigants and the need of constrains

This section addresses financial stability outcomes understood as deposit disintermediation
effects (medium-term or “slow” fragility, in section 4.2.1 and short-term or “fast” fragility
in section 4.2.2) emerging after accounting for mitigants and/or amplification factors. The
bottom line is that there is a need of explicit constraints over CBDC holdings in order to

ensure stability by managing uncertainty on disintermediation.

Furthermore, this section also underscores the importance of an appropriate
calibration of constraints. The meaning of appropriate encompasses two dimensions. The first
one relates to the adoption of a framework free of possibly unwarranted assumptions that could
otherwise predetermine the results and prejudge financial stability effects. For instance, the
macroeconomic literature reviewed tends to attribute a mitigating effect on disintermediation

to the improvement of bank competition, something that shapes its conclusions.

The second dimension of a sound calibration relates to the type of fragility to limit. In the
discussion below on the role of competition factors, it will be clear that the slow disintermediation
effects unleashed by CBDCs are not unanimously interpreted as potentially damaging in the
literature. Under this view, the calibration of CBDC limits should focus just in containing fast-
moving disintermediation taking place as a result of bank runs and panics (Bidder et al., 2024).

This paper rather argues that medium-term and short-term fragility are not uncoupled.

Bank runs can be facilitated by deteriorated fundamentals, something that compels
to keep at bay not only fast-moving but also slow-moving disintermediation. The liquidity
constraints faced by banks as deposits outflow pay an important role in slow evolving
fragility. This plays a critical role in developing a methodology to ensure an effective control of

fragilities. Section 5.2 highlights with a practical case the logic of the methodology required.
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4.2.1  Medium-term fragility and the role of mitigants

Banks face medium-term fragility when they are unable to generate sufficient capital on
an ongoing basis. All else being equal, CBDCs could lead to banking system fragility if the
impact of more intense competition in terms of higher funding costs worsens solvency,
credit and/or confidence. The routes for a potential impairment of credit will be seen to be
multiple and their estimation is qualitatively more uncertain than the impact on bank funding.
Universal CBDCs could potentially entail financial stability risks due to ongoing fragility if a
system-wide operation of negative effects ends up impairing basic functions of the financial
sector like the allocation of savings (Kashyap et al., 2002), liquidity risks sharing (Piazzesi,

and Schneider, 2020) and economic growth (Bdser, and Gersbach, 2020).

But the potentially negative effects of CBDCs over financial stability are not
automatic or inevitable. For that to be the case not only should the strength of the substitution
effects of deposits or amplification factors be sufficiently large, but the contribution of risk
mitigating factors should also be small. Much of the dispute regarding the effects of CBDCs
on financial stability results from broad-based uncertainty on the role of mitigating factors.
The potential transformations unleashed by CBDCs in the structure of the market for bank
deposits or in the market for credit may be uncertain both in magnitude and sign and is often

subject of dispute.

For example, much of the macroeconomic literature assumes that the new
environment with CBDCs entails more competition for bank deposits and advantageous
effects on overall risks and credit (see 4.2.1.1). But the potential amplification of risks
cannot be discarded when the ability of banks to mitigate deposit outflows affects credit if
alternative funding (wholesale funds or central bank funding) is not available (see 4.2.1.2).
These elements of uncertainty and the potential of further endogenous transformations
underscores the importance of exogenous mitigants. Namely, a proper calibration of holding

limits can securely mitigate against the impact of slow disintermediation (see 4.2.1.3).

4.2.1.1 CBDCs, competition in the banking sector and credit

Competition in the banking sector turns out to be an important microeconomic consideration
in the analysis of CBDCs in most of the macro-economic oriented literature. It tends to
shape decisively the power of transformation of the financial system due to CBDCs. But the

range of positions covers a wide spectrum.

According to a radical camp, CBDCs could play a profound role in addressing
competition issues in the market for bank deposits. Under this view, CBDCs would reduce the
“privileged” access of banks to central bank reserves and their singular role in the provision
of payment services, two essential factors driving their power in the deposit market. In the
long term, the transformation unleashed could pave the way towards narrow banking, i.e.
full reserve banking (Mayer, 2023). The architecture of money and credit would thus get rid
of intrinsic bank fragilities and public protections so pervasive nowadays. However, (Niepelt,

2023) examines the contribution of a CBDC-based transformation to improve efficiency
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in liquidity supply to find that the direct costs of existing frictions (competition and fiscal

support) do not justify abandoning a two-tiered arrangement.

A moderate camp identifies also in competition the sort of market failure whose
correction with a CBDC would enhance welfare. The disintermediation and repricing of
deposits prompted by CBDCs would activate competition among banks and potentially
reverse their initial negative impact. The concrete mechanism at play is largely model
dependent. The literature attains a diversity of results on the ultimate effect based on

different assumptions on the market failure at stake.

(Andolfatto, 2018) envisions a situation of a bank monopoly where a sufficiently
remunerated CBDC sets a floor to bank deposit remuneration, something that reverses
initial outflows and ultimately increases bank deposits and lending. Similarly, (Cirelli, and
Nyffenegger, 2023) argue in a model of monopolistic competition that the launch of public
money as a close substitute of deposits elevates the effective elasticity of deposits, reduces
bank spreads and raises saving. In both models, a crucial condition for these reversal
effects to emerge is a simultaneous reaction of both saving and transaction balances to
the reduction of spreads. A model with separate effects for demand and term deposits
would more realistically represent the aggregate impact of an adjustment touching partially

demand deposits.

A polar case to the previous ones is the one of a competitive banking market
examined by (Keister, and Monnet, 2022; Keister, and Sanches, 2023). The impact of a
CBDC then depends on it having a cash-like or their deposit-like profile. When the latter
prevails, banks need to keep up with the higher CBDC remuneration by increasing deposit

rates while still accepting lower levels of intermediation.

The impact of CBDCs on credit encompasses a heterogeneous set of channels whose
individual magnitudes may be uncertain but that jointly shape the breadth of the scenarios
where CBDCs may have real effects. The issuance of CBDCs expands the role of central

banks in the channeling of credit and may also affect the ability of banks to grant credit.

A first channel results from the mechanical need to recycle as central bank
investments the deposit outflows placed in CBDCs. The range of transformations in central
bank credit policies may be too diverse when the variety of their political economy drivers is
left unconstrained. But as a general principle a discretionary public allocation of credit to the
private sector is well known to entail political economy and misallocation risks. Alternatively,
a credit neutral overhaul of central bank credit policies could compensate banks for the
disintermediation effects that they experience although at the cost of raising moral hazard,

as further discussed in (4.2.1.2) below.
A second channel relates to the revisions of bank lending policies caused

by the quantitative crowding-out of deposits and by the ensuing activation of bank frictions.

The reduction of equity as a result of lower bank profitability and the activation of liquidity

27 DOCUMENTO OCASIONAL N.° 2436



BANCO DE ESPANA

constraints counts as significant frictions for credit. This paper assigns to this channel a
primary role in the identification of effects from CBDCs, as further elaborated under section
5.2 below. Inthe same vein, (Gersbach, and Zelner, 2024) caution about permanent distortions
caused by CBDCs to the flexible operation of fractional reserve banking due to an activation
of new frictions. But there are no obvious candidates for these hypothetical frictions. Not
even the higher funding of float® needed to settle instantaneously CBDCs (higher than the

one required for current retail payment systems) counts as a potential significant restriction.

The estimation of the impact of a quantitative tightening effect (i.e. no compensatory
funds available instantly) may be overestimated if the dynamics of its coverage is not
considered. For example, a static estimate based on the magnitude of loan-to-deposit bank
ratios would not take into account that the lost funds could indeed be sourced , although at
a higher cost. (Bellia, and Calés, 2023) exploit a data panel of European banks containing
information on profitability and deposit intensity ratios to guess the impact of a CBDC along
a quantitative tightening logic. In any case, the relevant deposit metric to consider is the

amount of demand deposits and not the amount of total retail deposits.

A third channel proposed in the literature works in a reverse direction, i.e. from
credit to fragility. A sizeable CBDC could displace bank credit from loans to sovereign
debt as a result of more intense collateral needs in the view of (Burlon et al., 2022). They
study how this mechanism and the funding shock caused by deposit outflows plays out
in a Dynamic Stochastic General Equilibrium (DSGE) model where CBDCs also can perform
a macroeconomic stabilization function. The resulting balance between disintermediation
and stabilization effects turns out to motivate a non-monotonous response of welfare to the
size of CBDCs outstanding and, indeed, the authors conclude that the optimal amount of
CBDCs is a significant one (between 15% and 45% of quarterly GDP). In any case, the risk

of financial amplification of shocks is also assessed to be well under check.

A fourth channel relates to the potentially higher cost of credit. But the operation
of a credit supply channel, through the impact of deposit competition on credit policies
sounds as too speculative. In fact, the empirical literature on the impact of bank competition
on credit is largely inconclusive (De Nicolo et al., 2006). A more reasonable outcome is that
demand for credit reacts to CBDCs based on the pass-through of the higher funding costs
and the elasticity of demand. Section 5 shows for the Spanish banking market case that the

magnitude of this mechanism can be small in normal times.

A fifth channel links banks credit policies with the transformation that CBDCs may
have on the information set under which they manage their operations. Information handling
can be a sensitive are for CBDC design. Visibility of the payment flows of customers has

positive effects on bank credit. A veil on the flow of customer payments channeled with

9 Float refers typically to interim money recorded both in the account of the payer and in the account of payee. This
happens typically due to the slow transaction processing speed involving that sum of money. An instantaneously settled
CBDC does not entail float but the finality of the settlement requires funding previously for it.
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CBDCs would thus be negative. But the prevalence of the symmetry principle on privacy
highlighted in section 4.1.2 neutralizes this mechanism. In fact, the transformation of
payment processes prompted by CBDCs may enable banks to exploit conditional payments

and data-related business more generally.

4.2.1.2 CBDCs and compensation of deposit outflows

The ability to compensate the funds lost by banks can be crucial to dampen the bank fragility
concerns raised by CBDCs. (Whited et al., 2022) find that access to compensating wholesale
funding limits the pass-through of CBDC competition to lending. In their calibration they
identify a 25% passthrough in lending from a drop in deposits. The automatic compensation
at the risk free rate of deposits lost assumed in the model of (Bacchetta, and Perazzi, 2021)

also leads to split effects of CBDCs on funding and credit markets.

The ability to compensate outflows determines that CBDC impact depends on
market and institutional settings. The ability to source funds from other banks through various
funding instruments makes of disintermediation a non-binary and idiosyncratic outcome. It
may be accommodated by funding rates and the reduced profitability varies across banks and
market settings. Chart 2 displays the dynamics of bank long term funding rates and deposit

rates for Spanish banks as an illustration of the market-based analysis done in section 5.2.

The influence of institutional settings on the ability to compensate outflows results
from two endogenous and complementary mechanisms. First, central banks may facilitate
the compensation of outflows. In particular, they may adapt their bank refinancing and CBDC
recycling policies to pro-actively respond to the challenges posed by disintermediation. The
macroeconomic literature on CBDCs examined early on the importance of compensating
measures provided by the central banks in the study of the equivalence between public
and private money (Brunnermeier, and Niepelt, 2019). But it has also highlighted that their
feasibility may be compromised by frictions like collateral availability or political economy

considerations (Fernandez-Villaverde et al., 2021).

A concrete dilemma that may be faced by central banks when deciding on
compensation policies is whether to be neutral or stimulate the adoption of CBDCs. The
deployment of a dedicated refinancing facility could enable supporting banks that intermediate
CBDCs and increase holding limits. The mix of tools to contain financial stability risks might thus
be rebalanced somewhat. But CBDCs do not fundamentally differ from banknotes as regards

refinancing requirements and the stimulus policy applied would prove to be overly distortive.

An entirely different type of situation may emerge when central bank refinancing
policy is adjusted not to stimulate CBDC adoption but as a result of the impact of CBDC
on aggregate liquidity conditions. For example, (Abad et al., 2024) study the potential
normalization of excess liquidity conditions and the resulting overhaul of monetary policy
implementation framework. A floor system may have to transit to a corridor one if the

drawdown of deposits to CBDCs is sufficiently large.
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A second mechanism that could influence the ability to compensate for the lost funds
is the endogenous overhaul of the composition of banks’ balance sheet. CBDC issuance
entails competition between banks and commercial banks for the safe asset. (Williamson,
S., 2022) argues that this mechanism can lead to positive disintermediation effects even
in the absence of a monopoly. A more difficult access to the safe asset entails that banks
face the disciplining effect of a more limited ability to hedge their demand deposits with safe
assets and hence the need to extend the term of its liabilities a result of the launch of CBDCs
(Williamson, S. D., 2022).

4.2.1.3 CBDC limits and their calibration

The fact that universal CBDCs are substitute of demand deposits has been argued
to require an adjusted separation principle for money. A straightforward idea to
contain the disruptions of bank deposits due to CBDC is the imposition of caps on holdings.
But the implementation of limits faces relevant challenges like the choice of limit modality,

the methodology to calibrate static limits and their dynamics of adjustment.

The type of limits on CBDC holdings proposed in the literature and by practitioners
result from the combinations of three different attributes to the constraint: (i) static versus
dynamic, (i) aggregated versus disaggregated, and (iii) institutional-based restrictions to
hold CBDCs. Table 2 outlines the main guiding principles considered in the selection of the
various configurations of limits. In general, they result from the application of a principle
that they ensure financial stability in a preferred use case. For example, a preference to
closely emulate banknotes with CBDCs and to retain a storage of value function with
them suggests the adoption of dynamic limits. Dynamic limits just set restrictions on the
size of deposit outflows from banks over specified intervals of time to keep at check the size
disintermediation (Dudley et al., 2023).

Conversely, the widespread choice of establishing explicit and granular boundaries
on the stock of CBDC holding underscores mainly a transactional rationale for the CBDC
that preserves stability on an ongoing basis.™ In turn, restrictions along some institutional
perimeter limit the categories of agents who can hold CBDCs. For example, access to CBDC
can be restricted in a manner that preserves the circulation cycle of transactional money
for some agents. For instance, when only individuals may maintain CBDCs the activity with
money of non-financial corporations are required cannot entail a disintermediation risk. They

have to hold all their cash in bank accounts.

A fundamental methodological choice when calibrating limits to contain
disintermediation is the election of the metric to target. The major alternatives are a measure
of the erosion of recurrent bank earnings or some metric of fast drawdowns of deposits
under stress. In fact, the choice collapses into just a single metric aimed at of containing

outflows under stress when slow disintermediation yields positive transformations because

10 See (Genc, and Takagi, 2024) for a survey of design models.
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Table 2

Notional types of limits on the balance of CBDCs outstanding: control variable, perimeter of control and goals

Control
On a stock variable On a flow variable
Perimeter of the limit Aggregate Macroeconomic-Transactional-No inclusion Macroeconomic-Store of Value-No inclusion
Sectorial Microeconomic-Transactional-No inclusion Microeconomic-Store of Value-No inclusion
Granular Microeconomic-Transactional-Inclusion Microeconomic-Store of Value-Inclusion

SOURCE: Own elaboration.

NOTE: The table attempts to reflect the broad economic logic of diffirent configuration of limits on CBDC balances aimed at ensuring stability. The formulation of
a flow variable places the focus on a transactional or a storage of value functionality. The perimeter on which the control is applied tends to
determine that allocation of CBDCs follow a macro- or a microeconomic allocation logic. In particular, granular limits may pursue inclusion goals more easily than
other kind of checks on holdings. The categories represented in the table are just notional types of limits. Real limits may be a mixture of some of the categories
some of them are compatible. This is the case for example with sectoral and granular limits. As discussed in the text, the different

limits on a stock or

identified because

configurations are not equivalent from an stabilization perspective.

BANCO DE ESPANA

of improvements in bank competition. For example, in their calibration (Bidder et al., 2024)
weigh the improvements of a CBDC in payments and the risk of fast disintermediation. The
reduction in leverage and the increase in competition associated with slow disintermediation

takes it out of the optimization.

But the uncertainty on the mitigants and amplification factors of the impact of CBDCs
on bank fragility suggests keeping under control the magnitude of slow disintermediation.
Another advantage of this approach is the indirect limit placed on fundamentals based fast

disintermediation (see 4.2.2)

The unfolding of uncertainty across time imparts calibration with dynamic structure.
Calibration of holding caps entails both a medium and a long-term perspective. From a
medium-term perspective, financial stability concerns call for setting holding caps at a level
below the size of deposit outflows that determine the onset of disruptions because of the

presence of frictions.

In an ideal scenario, calibrated holding limits would hit exactly the latent demand
for CBDCs, i.e. the one that would prevail without restrictions. But it looks more prudent to
accommodate that demand from below, i.e. to ramp up supply of CBDCs in a controlled
way through gradually laxer caps. The disparity between the initial references for holding
limits provided by some central banks like the Bank of England and the ECB may be more
indicative of different perceptions on the pace of increase of CBDC supply after launch than
on the ultimate target for CBDC balances outstanding, as hinted by (Panetta, 2023). In any
case, the ultimate target and the path of the limit adjustment process may be path-dependent

as a reflection of the influence of the transformations of bank competition and credit.

The practical element of an exercise of limits calibration is its operationalization.
(Meller, and Soons, 2023) present a simulation methodology to identify the point at which
various liquidity buffers of banks are exhausted as deposits outflows get larger. The presence

of liquidity frictions in banks gauges the difficulties faced banks to adjust their operations
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to the changes caused by CBDCs, mainly on bank profitability, liquidity and prudential
metrics. The magnitude of the caps on quantities gets smaller as the frictions grow, i.e. as
the buffers held by banks to absorb the impact of CBDCs get smaller. Section 5 undertakes
an illustrative application of it to examine the effects of limits in a potential digital euro in
the Spanish market, whilst the annex describes the balance sheet optimization program

underlying the management of liquidity which is applied to this analysis.

4.2.2 Short-term fragility: the risk of bank runs and panics

CBDCs may not inherently act as a destabilizing factor for banks but could potentially
facilitate the probability of bank stress. The ability to immediately call demand deposits
and the potential contribution of CBDCs to facilitate runs has led to natural concerns
regarding the potential for fast disintermediation. The problem may be particularly pressing
when CBDC-driven slow disintermediation exacerbate strategic complementarities among
depositors who may bid up bank deposit rates (Ahnert, and Martinez-Miera, 2021), further

deteriorate fundamentals and ultimately trigger a bank run.

A differential contribution of CBDC as (potential) facilitator of bank stress lies in
the combination of their safety and efficiency in money mobilization. Exogenous stress
can spread wider with limited frictions on the back of a seamless channeling of funds. In
fact, the feasibility to mobilize deposits without major frictions as a result of technology
developments is also a major reason for volatile deposit flows (Bindseil et al., 2023). The
onset of individual bank runs and/or panics in such a volatile environment has spurred
initiatives to expand sovereign support aimed at neutralizing fragility without Killing
the (potential) disciplining effects of (fundamentals-driven) bank runs.” But CBDCs can
effectively operate as a countermeasure to that program. They offer a safe and very efficient
public exit option to depositors (a public “safety valve”), something that contradictorily

mines the support program.

Indeed, the working of a CBDCs as a “safety valve” during a crisis context tends to be
worse the better is its functional design for normal times. The working of a mechanical valve
requires a resistance mechanism that limits the escape of liquids. Following this analogy, an
unrestricted highly interoperable CBDC might end up functioning as a leaking pipe: a high
interoperability with deposits may eliminate entirely the correlate of the transaction costs
eventually braking the conversion of deposits into banknotes even in a crisis. The subpar
performance of universal CBDCs as safe valve thus should be expected to show up during

crisis times in terms of quickly evolving inconsistencies.

The potential role of CBDCs as “safety valve” exposes a fundamental financial
stability dilemma that is absent in the case of physical banknotes (see 3.2). Namely, either
(1) CBDC enhance the overall feeling of safety among depositors and thereby stabilize the

market, not unlike the classical contribution of the elastic provision of banknotes. Or, (2)

11 The ability offered by digital technology to facilitate and to swiftly coordinate decisions across agents, as evidenced

recently in SVB crisis, further raises the financial stability concerns of CBDCs under stress.
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CBDCs offer a route to escape from the internal contradictions prevailing in the financial
system in crisis times, and, thereby, further spur financial instability. Overcoming the
dilemma of CBDC in crisis times then requires targeted policies to issues (1) and (2). More
specifically, (1) may be literally infeasible, but a regime of co-existence between banknotes
and CBDCs may restore a “safety valve” in crisis times. In turn, (2) calls for a calibration
of CBDC limits aimed at keeping at check not only medium-term fragility but also fast

disintermediation.

The calibration of holding limits specifically aimed at containing fast disintermediation
should ideally be related with the caps to deal with medium-term fragility, but operate
independently. But the specification entails some challenges. It raises the confusing issue
of a dual set of limits, one for slow and one for fast disintermediation. The duality also
questions implicitly convertibility between CBDCs and bank deposits if the cap for stress

time is smaller than the one for normal times (based on slow disintermediation).

The sensitivity of the composition of the optimal demand of liquid balances to
remuneration differentials has been envisaged as a mechanism to address run risks.
(Bindseil, 2020) sketches a mechanism based on the tiered remuneration of CBDCs
that theoretically could disincentive outflows away from bank deposits into CBDCs. The
application of sizeable negative rates would discourage further outflows in extreme cases.
But the efficacy of the mechanism can suffer from robustness issues due to the complex and

dynamic action-reaction interactions required for them to work.

In addition to the need of a cap on holdings, financial stress underscores also the
importance of a coexistence regime between physical banknotes and CBDC. The elastic
issuance of money is instrumental to gain time and deal with the crisis but, whilst CBDCs
can be pro-cyclical and accelerate contagion, banknotes can support the new transactional
and storage needs without those hindrances. This same mechanism could also distort
perceptions on the soundness of individual banks exposed to the turmoil and increase
the potential for contagion. The “safety valve” gap of CBDCs during stress thus highlight the
importance of a coexistence regime between banknotes and CBDCs. In fact, a similar
conclusion results when comparing the robustness of physical banknotes and CBDCs
across types of crisis (see Table 3). Banknotes not only can operate as “safety valves” during
most financial crisis but remain operational in crisis the technology of the money. CBDCs

and banknotes are definitively complementary forms of public money.

However, ultimately a monetary “safety valve” does not guarantee success in
dealing with a situation of stress. Crisis management goes beyond the scope of this paper.
But eventually convertibility suspensions are needed to reset the overall set of economic
consistency conditions that ensure the singleness of money. (Résl, and Seitz, 2022) recount
this process in the context of the Greek banking crisis. Similarly, a large sovereign crisis may
unavoidably trigger the onset of inconsistent scenarios highlighted like the ones highlighted
by (Fernandez-Villaverde et al., 2021) and finally require shutting down existing “valves”.

Physical banknotes and CBDCs would not be too dissimilar at a reset point.
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Table 3
Crisis types and comparative adavantage of banknotes and CBDCs

Banknotes CBDC
Transactional Storage of value Transactional
Monetary “ H «
Political 1 ™ N
Financial 1 ™ -
Cyber " 7" H
Natural 17 1 1

SOURCES: Own elaboration and Rdsl (2022).

NOTE: The table attempts to represent the performance of banknotes and transactional CBDCs functionalities in different types of crisis. The focus on
transactional CBDCs excludes an analysis of the performance of the storage of value. The meaning of the symbols is as follows. < represents a broadly neutral
response while T means an increase in demand or the opposite when the arrow heading down. The balance of strengths and weak points of banknotes and
CBDCs highlight the complementairty between CBDCs and banknotes, especially under cyber shocks.

But in the way to a reset point, CBDCs can be useful to handle run risks through
controlled convertibility suspensions. (Panetta, 2023) assesses positively the potential
contribution of CBDCs its potential role as circuit breaker in the hands of public authorities
to deal with contagion risks. Certainly, the argument may work ex-post, i.e. as a crisis
management tool. The formulation ex-ante of such a role for CBDCs might lead to more
problems than solutions if it erodes credibility ion the system. In any case, a convertibility
suspensions should still satisfy other requirements to improve welfare, such as leading to an

increase the signal to noise ratio in the banking system under stress (Gorton, 1985).

A proposal to end with bank runs and convertibility suspension is to breaking away
with convertibility guarantees altogether (Kumhof, and Noone, 2018). This view implies that
exchange at par between CBDCs and deposits is not assured at all and that this part of the
money ecosystem would be driven by arbitrage. The price to pay for financial stability seems

to be too high and too uncertain to be acceptable.
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5 Digital euro and the financial stability impact on the Spanish banking system

5.1 The digital euro

The purpose of this section is to complement the general discussion on the role of stability
considerations on CBDCs with some specific highlights for the digital euro project, a
prototype of a universal CBDC. It is outside the scope of this paper to describe exhaustively
the project itself, already very well documented in other publications.’? The purpose of this

section is rather to illustrate with a concrete case some of the ideas discussed previously.

After completing a two-year investigation phase, the digital euro project has
transitioned to a preparatory phase to lay the foundations for a (still) potential issuance decision.
The conclusions gathered in the investigation phase and the orientation of the project can be
examined in (European Central Bank, 2023a) as well as in the interim text setting its legal basis

and the opinion expressed by the ECB about it (European Central Bank, 2023b).

The objective of the digital euro is to provide to the general public a digital payment
instrument issued by the central bank as legal tender. The most salient goals pursued with
it are the provision of a state-of-the-art and cost-efficient digital retail payment instrument,
the enhancement of the strategic autonomy of Europe and the achievement of financial
inclusion goals. Additionally, the digital euro legal text and the associated ECB opinion

emphasize repeatedly the commitment not to impair financial stability.

The digital euro is profiled as a public monetary infrastructure to underpin the
euro as unit of account and medium of exchange in the context of an intense digitalization.
The regulatory framework for the digital euro seeks to ensure that individuals can use basic
digital euro services free of charge for basic purposes. The infrastructure leverages strongly

on existing intermediaries for the distribution of those services on a mandatory basis.

Financial intermediaries are planned to be fully responsible for the management
of the on-boarding and the direct relationship with clients and no contractual relationship
is envisaged between the Eurosystem and digital euro users. The interoperability of digital

euros with demand deposits is also a central feature of the arrangement.

The digital euro makes compatible a cap on individual holdings of digital euros with a
frictionless payment experience through a system of so called “waterfalls”, i.e. mechanisms
to drain overflows of payment orders, so that those that would exceed the CBDC limit can still
be processed by drawing on the bank account or, alternatively, by depositing the excess of
funds. In other words, incoming or outgoing payments whose size overflows the wallet limit
can still be processed through the automatic operation of transfers between the operational

digital euro account and the sight deposit account of the client.

12 See digital euro web page at the dedicated ECB web for the project.
13 See section 2 for the rationale and nature of digital public infrastructure.
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The scope of the digital euro is further shaped by its focus on improving
payments. Its design restricts the digital euro as an instrument to store economic vale by
envisaging limits on holdings along two important dimensions. First, the digital euro can
be held just by individuals. Merchants are not foreseen to hold digital euros overnight.
Inter-operability with bank deposit accounts should lead to a mechanical transformation
of their digital euro balances into demand deposits. This limit restricts the quantitative
scope of outflows from bank deposits to individuals. Second, individuals who can be net
holders cannot exceed a cap whose value will be calibrated bearing in mind the risks of

disintermediation.

Another key consequence on the focus on payment processes is the fact that the
digital euro is not planned in the initial draft legal text to be remunerated, but the ECB cannot
exclude future scenarios where remuneration of the digital euro might be warranted. The
digital euro project attempts to provide a public payment infrastructure without compromising

monetary policy transmission or financial stability.

The digital euro openly highlights its intent to improve the European strategic
autonomy in the retail payments scape against the backdrop of a dominant position of non-
European card companies. The argument of inertia as catalyst for public intervention in
technological development seems to apply. For example, (Meyers, 2023) reviews the multiple
initiatives adopted by EU institutions in the past to deepen the working of cross-border
retail payments against the backdrop of an oligopolistic market for credit card services. But
commercial banks have faced difficulties to coordinate in the effective transformation of

European retail payments due to the multiplicity of roles.

Anonymity of the digital euro has proved to be an important concern for both
users and authorities. But the digital euro will not offer complete anonymity due to legal
requirements regarding anti-money laundering and combating the financing of terrorism.
Holders of digital euros will have to identify themselves with their payment system provider
when they are “on-boarded”, although access to data on transactions will emulate for low

denomination cases the protections enjoyed by banknotes.

The bottom line is the fact that the digital euro is conceived as a universal sort of
CBDC, based on the range of use cases and strong interoperability with bank deposits
contemplated. The potential financial stability risks are planned to be addressed with a cap

on holdings by individuals and possibly with zero remuneration.

5.2 Impact study for the Spanish banking system

This section examines the potential impact for Spanish credit institutions of the introduction
of the digital euro. The analysis of this section can only be tentative. The digital euro project
is still undergoing a preparatory phase and a full-fledged assessment of its risks can only
take place with a broader information set, which would not be expected to be available

until a date closer to the potential launch. The main goal of the analysis is to examine in an
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applied context the calibration issues put forward in a general context in section 4. More
specifically, this section examines the ability of Spanish banks to accommodate holding

limits for the digital euro of various magnitudes.

The analysis done shocks demand deposits of Spanish households held in a
sample of 65 deposit institutions comprising both significant (SI) and less significant (LSI)
ones™ in order to gauge the magnitude of problematic scenarios of digital euro take-up.
The shock scenarios will be formulated as a proportion of the base of demand deposits of
households in each bank. That fraction is assumed to be uniform for different banks and
with increasing intensity as the severity of the outflows grows. Ideally, the shocks should
reflect the heterogeneity of banks’ customers of banks and their latent demand of digital
euros as modelled by (Lambert et al., 2024). In the absence of the required information,
the framework to interpret the meaning of the scenarios is the one contained in (Adalid et
al., 2022) who estimate that an instrument serving a payment function in the euro zone is
estimated to require a take-up of EUR 1,500 per capita whilst a large demand would amount
to EUR 14,000. A benchmark figure for a capped take-up that matches the set of functional
goals is EUR 3,000 for every individual eligible to hold digital euros.

Importantly, the simulation exercise does not shock deposits which are not close
substitutes of a potential digital euro. Term deposits held by households and demand
deposits held by NFCs are assumed not to react initially to the launch of a digital euro. The
first assumption might have to be relaxed to examine second round effects in conditions
where a reshuffling of payment balance may induce changes in the allocations of savings
in bank deposits. But the planned remuneration policy for a digital euro does not anticipate
that to be necessary. The second assumption follows from the envisaged institutional
restriction to hold digital euro accounts to any entity other than individuals. The deposit

balances shocked are dated as of end 2022.

The simulation date is not immaterial for the risks captured by this exercise. Demand
deposit balances tend to be sensitive to interest rate conditions. The opportunity cost of
term deposit rates falls (increases) relative to the convenience yield (due to immediate
liquidity) of demand deposits when interest rates are lower (higher). Demand deposits can

thus cover liquidity and (residual) purposes.

At end 2022, aggregate liquidity in the Eurozone was still abundant and term deposit
rates quite low despite the ongoing tightening process. The split between demand and term
deposits in Spain had traditionally followed the pattern 40/60, although the rule broke down
when banks revised their liquidity strategies in the context of QE policies. At end 2022,
the deposit composition of Spanish credit institutions had reached 80/20, as the spread

between demand and term deposit rates had compressed. The elevated weight of demand

14 Sland LSl credit institutions are categories envisaged in the SSM to differentiate between larger and smaller ones and
organize supervision accordingly. Sis are supervised by the ECB and LSIs by national competent authorities. The data
sources employed are a range of regulatory filings to the Spanish competent authority. Namely, statistical reporting of
assets, liabilities and P&L relating to their business in Spain as well as reporting of LCR and NSFR metrics.
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Chart 3
Coverage of demand deposits with reserves by type of credit institution (a)
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SOURCES: Banco de Espafa and own elaboration.

a The charts display the count-based histogram of the coverage of demand deposits with liquidity held in the central bank by LSI and SI Spanish credit institutions
as of 2022 end.

deposits at the considered period justifies that the magnitude of the exposure to the risk of

(demand deposit) outflows cannot be considered as biased to the downside.

A more relevant exposure metric to the liquidity risks posed by deposit outflows
is the balance of deposits net of liquidity held at the central bank. Chart 3 displays the
magnitude of deposit outflows that banks would be able to accommodate drawing on their
excess reserves at the date of the analysis. The raw analysis (deprived of any consideration
of limitations to draw reserves) differentiates between Sls and LSIs. The chart conveys a

clear sense that the preparedness as at end 2022 was heterogeneous.

The ability to individually cover shocks with reserves does not convey a realistic
picture of resiliency. Leaving aside the fact that a 100% outflow is an extreme assumption to
make, a hypothesis of self-insurance against shocks leaves outside of the radar the potential
contribution of market mechanisms to address the consequences of shocks. The operation
of frictions to accommodate the outflows determine the transition in the dimension of the
problem caused by outflows as they get larger until the onset of risks for financial stability.

Namely, demand deposits of households are shocked parametrically in increments of 5 pp.
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from 5% until 40% and banks optimize their response within their limits. The onset of
financial stability risks can ultimately be gauged by a significant permanent impact on their

earnings generation capacity.

Banks optimize the re-composition of their funding base to accommodate deposit
outflows much as in (Meller, and Soons, 2023). The annex provides a simplified account of
the analytics and discusses the realism of the assumptions of this optimization model. Under
this framework, banks can fund outflows with excess reserves, medium term secured debt,
unsecured interbank debt, central bank funding and long-term funding. The number and
type of markets considered might be wider though. An optimal response by each individual
bank is characterized by the choice of a certain composition of funding instruments that
minimizes the cost of restoring the funding equilibrium of the bank balance sheet while
still fulfilling any applicable prudential and market access constraints. More specifically, the
relevant constraints considered are liquidity prudential constraints (LSR and NSFR) as well

as counterparty limits and collateral needed to access markets.'s

Altogether, an equi-proportional outflow from demand deposits of the sample of
considered banks entails a response that is captured by a set of 65 independent linear
programs. A key element to make useful this set of independent linear programs is the
imposition of counterparty restrictions that limit individually their access to the interbank
market as a proportion of their equity or constraints the volume of lent out funds proportionally
to the size of each bank. The operation of this realistic constraint broadens the expression
of internal liquidity frictions in terms of new funding instruments required. A qualitatively
different route to limit the contribution of interbank markets and to activate these instruments
would be to incorporate “market closure” conditions, i.e. the clearing of the market for each
of the instruments. But the outcome would not be realistic to the extent that the binding

constraint in practice tend to be counterparty limits.

Chart 4 depicts the successive expansion of the palette of funding instruments used
by LSIs and Sls as the outflows get larger. The exhaustion of cheaper funding instruments
like reserves paves the way to more expensive ones up to the limits allowed by their relevant
constraints. Collateralized interbank borrowing can be resorted up to the inventory of freely
available collateral. In turn, uncollateralized borrowing is resorted to up to the point where

LCR and NSFR are impaired and reach a binding constraint.

The simulation of chart 4 assumes that banks optimize their funding sources while
allowing some deterioration in the prudential liquidity ratios. More specifically, the simulation
assumes that bank wish to maintain these ratios above the minimum requirement, but they
are ready to let them decrease (in this case, half the way to the minimum requirement).
Chart 4 highlights graphically that the funding mix must evolve towards more expensive

sources to compensate increasing amounts of deposits drawdown.

15 The simplified version of this model resorts on liquid collateral instead of the broader set of instruments eligible in ECB
operations for tractability reasons.
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Chart 4
Optimal accomodation of deposit outflows (a)
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SOURCE: Banco de Espafia and author own calculation.

a The charts display the recourse to different funding instruments as the size of outflows increases from 5% to 40% and banks (LSls and Sls) have to reoptimize
their funding mix with market and balance sheet data as of 2022 end. The presence of balance sheet frictions grants special relevance to the availability of
refinancing facilities and, in any case, to long-term finance as the funding source that ultimately accomodates accomodates funding gaps.

Chart 5 displays how the net interest margin of Sls gets affected as outflows get
larger and costlier funding must be sourced.'® Revenues from reserves held at central
bank lost as a result of the outflows contribute to the reduction of margin. The magnitude
of the impact is significant for levels of uptake above 10% and, in any case, the effect
is heterogeneous, as highlighted by the box plots in the same chart. Some banks under
pressure already in the domestic business exhibit a significant drop in earnings when they

have to refund outgoing deposits. But they are low net interest income banks to start with.

The presence of heterogeneity in the impact of outflows may extend beyond what
can be captured in the described simulations. The ability to compensate in the markets the

funds lost may not be just costlier, but also volatile and uncertain. Smaller banks may be

16 The estimates of NI impact are determined by the net interest income at the period of reference and the impact
of outflows and optimization on costs. These are calculated on the basis of prevailing rates at the simulation date.
Namely, 2% for the central bank deposit facility rate, 2.2% for the unsecured interest rate, 2.5% for the secured interest
rate, 2.5% for central bank funding rate and 4.2% for the bank long term funding rate. The estimate do not account for
the pass-through to credit due to the funding shock.
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Chart 5
Impact of scenarios of deposit outflows on profitability and credit (a)
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SOURCES: Banco de Espana and author calculation.

a The charts display tentative estimates of the impact of the different scenarios of deposit outflows on net interest margin and on credit of the funding shocks
faced under parametric scenarios of outflow. The methodology and its limitations are described in section 5.2.

b The chart represents the distribution of impact on net interest margin in quartiles, also highlighting the median and outliers.

¢ The chart represents the impact on credit of the funding shocks associated with the different scenarios.

particularly affected by market access issues. In this context, the idea of adapting central
bank refinancing facilities to contribute to the mitigation of the risk of funding shortfalls from

drawdown surprises deserves consideration.

The results from the simulation also bear on the limited impact of the digital euro on
lending. A precise estimation of the impact on lending should be ascertained based on the
assessment of the different channels highlighted in 4. But in a regime of low drawdowns, the most
significant channel impacting credit should be expected to be the pass-through of higher funding
costs to borrowers. A full translation of higher funding costs (inclusive of lower revenues from
reserves) to borrowers would lead to an adjustment of aggregate credit proportional to its semi-
elasticity to borrowing costs. (Altavilla et al., 2022) have estimated that the semi-elasticity of
credit demand for the euro zone lies between 1.5 and 2. Based on a central value for this figure,

Chart 5.b reflects the average impact of different scenarios of outflows on credit.

BANCO DEESPANA 41 DOCUMENTO OCASIONAL N.° 2436



A note of caution on the interpretation of the simulation results is warranted. The
methodological and tentative purpose of the exercise derives mainly from the informational
gaps faced. Shocks should be ideally customized to the customer base of banks considered.
A complete analysis would also require incorporating all the relevant players in the euro
interbank market, and not only Spanish ones. Furthermore, a realistic analysis of liquidity
redistribution also requires considering the impact of the non-observable counterparty limits
that may lead to an earlier onset of frictions and of a sooner recourse to central bank facilities.
In fact, the significance of funding compensation instruments highlights the importance of
an accurate modelling of incentives to refinance drawdowns in central bank refinancing
facilities. A final note of realism that should be included in a more complete practical
application of the methodology refers to the sensitivity of funding rates to the magnitude
of flows to be funded. In this paper, this sensitivity has been assumed to be zero, that is, a
linear assumption has been applied. In the same vein, the magnitude of the impact on credit
could also reflect not just the pass-through of higher funding costs but potentially also non-

linear effects from system wide deleveraging under sufficiently big shocks.
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6 Conclusions

CBDCs are a fundamental expansion to the existing ecosystem of money and credit.
Firstly, CBDCs complement banknotes in the context of transformations prompted by
digitization. Universal CBDCs deliver this goal by additionally ensuring seamless interoperability
with private forms of money like demand deposits. Hence, the inclusion of universal CBDCs
in the existing ecosystem, in the absence of proper design safeguards, can be expected to
entail strong substitution effects with bank deposits. The combination of a brittle form of
money (demand deposits) with a public safer one (CBDC) thus elevates the importance of the

stability of the overall arrangement to the core features of any universal CBDC project.

This paper uncovers the connections between universal CBDCs and three
fundamental stability related goals. The quest for stability of the money and credit system is
multi-dimensional, but two of them, its internal consistency, and its resiliency to shocks, turn
out to be instrumental in every respect. Universal CBDCs might compromise both of them
if designed and operated carelessly. But they may be an unavoidable option to improve the
money ecosystem when microeconomic inertia (excess of stability) detracts the system from

adaptability to technologic advance.

The paper addresses and reviews in a model-free setting the stability-related trade-
offs congenital with universal CBDCs and their solution. A universal CBDC need to be a
specially constrained form money. Constraints are not something new. The presence of
money constraints like transactional costs and non-remuneration for banknotes, or credibility
weakness in the case of bank deposits, underlies the complexity of the existing ecosystem
of money. The specialty in the case of CBDCs is the fact that the fundamental limits on their
quantity and remuneration are not technological but have to be engineered to preserve the

short-term and long-term stability of the entire ecosystem of money and credit.

The paper does not attempt to assess the welfare benefits of CBDCs. It rather tries
to gain robust insights on fundamental design and mitigating features necessary to contain
any propensity to instability. The paper assesses both the contribution of quantity limits and
the subtle role of CBDC remuneration limits in terms of their capacity to contain banking

fragility and stress.

The discussion ends up emphasizing the importance of calibrating limits within
a framework that recognizes the special role played by financial and political economy
frictions in reinforcing stability issues through liquidity and credit channels. This contrasts
with much of the macroeconomic literature on CBDCs, where unconstrained CBDCs can
play out beneficially for the economy as a whole on the basis of assumptions regarding their

contribution to a new competition regime.
The operation of constraints as a contribution to short- and medium-term stability raises

also long-term trade-offs. An open ended policy on the balance of CBDC outstanding may

recurrently raise at the time of update of limits the issue of the contribution of CBDCs to stability.
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And the need of crisis management activation under major stress may expose a fundamental

difference of CBDCs with banknotes as regards their ability to provide a safety valve.

The paper also performs a tentative quantitative assessment of financial stability
risks in the Spanish banking system due to the introduction of a digital euro. The analysis
cannot be considered as the full-fledged assessment of risks that will be undertaken by the
ECB ahead of a potential launch with a richer set of information. Still, this early analysis is
useful, and redundant examination of financial stability risks of the digital euro is advised
given its central importance for the money and credit systems. This simulation analysis
indicates that uptakes of the digital euro within the cap levels tentatively envisaged as of now
would not entail significant destabilization risks or impact on credit However, the complexity

and novelty of this instrument merits further analysis in the future.
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Annex

This annex sketches a simplified version of the liquidity management model used by banks in
the simulation of the impact of deposit outflows on earnings and prudential ratios. For a richer
version readers are referred to (Meller, and Soons, 2023) who consider different tenors for each
funding market. This simplified version illustrates the nature of the methodology to calibrate
holding limits in a way that the accommodation of the frictions is economically and regulatory
feasible. Moreover, the annex helps also to highlight a number of important issues that can

condition the realism and relevance of simulations in practical applications of the methodology.

The optimization is as follows. Each bank in the sample considered independently
seeks new funding sources to respond to deposit outflows AD. The re-composition of
the bank balance sheet takes place on the basis of a linear program used to maximize the
change in earnings AE = Al — AC that results from the adjustment in reserves , borrowings

ABx or lending ALx at their corresponding opportunity costs, as per equations. G_1 to G_3.

AE=AlI-AC (G_1)
AC =r, x ABu +r_x ABc +r_ x ABcb +r . x ABIt (G_2)
Al =-r, x AR +r x ALc +r, x ALu (G_3)

Each individual program is subject to multiple constraints that reflect individual frictions
reflected as represented in egns. RI_1 to RI_9 below. Namely, they represent the need to source
sufficient funding to deal with outflows (RI_1), to keep the reserves account in the central bank
at a positive level (RI_2), to have sufficient collateral for the provision of collateral in funding
transactions (RI_3), to have sufficient collateral for sourcing central bank funding (RI_4), to
maintain liquidity prudential levels above the statutory limits as adjusted with voluntary buffers
(RI_5 and RI_6, as per the definitions for the prudential ratios RI_7 and RI_8 and their impact

on changes of liquid assets and available or required stable funding, i.e. AASF, and AARF ).

AD = AR, + ABu + ABc + ABcb + ABIt (RI_1)
R,+AR=0 (RI_2)
AR = AR, + AR, ding (RI_3)
ABo< —0 (RI_4)

1+ haircut
ABcb < C—O.I - ABc (RI_5)

1+ haircut

ALCR, = 100 + buffer, (RI_6)
ANSFR = 100 + buffer, (RI_7)
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with

HQLA + AHQLA

LCR =
' E[outflow], + AE [outflow], (RI_8)
ASF + AASF,
NSFR = ——————
""" RSF, + ARSF, (RL9)

and eqgns for AE[outflow], AHQLA, AASF, ARSF, reflecting the new balance sheet and

regulatory definitions in terms of corresponding runoff rates and funding rates.

The closure of the optimization program at an aggregate level also requires an
aggregate restriction for each funding market (i.e., funding sources where banks can either

borrow or lend based on their level of excess reserves available for lending AR . These

Iending)
restrictions nominally should look as follows > ALu, = >, ASBu. However, they have not been
incorporated in the set of restrictions actually used in the simulation because of realism

considerations.

The fact is that realistic simulations may not be feasible as regards a representation
of aggregate equilibrium of funding markets due to two fundamental reasons. First, partial
information on the set of players in the funding markets limit the rationale of a (necessarily
partial) balancing of these markets. Second, the operation of non-observable counterparty
limits, both for borrowing and lending operations, also limits the meaning of aggregate
balancing conditions. This paper has opted for including additional individual restrictions
that reflect counterparty limits for borrowing and lending transactions proportional to equity
and total assets, respectively. A final note of realism that should be included in a practical
application of the methodology refers to the sensitivity of funding rates to the magnitude of

flows to be funded. In this paper, this sensitivity has been assumed to be zero.

These notes of caution and realism do not detract usefulness of the linear
programming technique applied to calibration. The advantage of the methodology lies in the
ability to amend and adapt the model based on available information as opposed to other

methodologies that may rely on closed solutions.
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