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Abstract

We study how retail central bank digital currency (CBDC) interacts with bailout policy
in a Diamond-Dybvig-style model with sequential service, sunspot runs, taxes financ-
ing a public good, and a CBDC available to movers and non-movers. We compare
four regimes—bailouts vs. no bailouts, each with and without CBDC—and character-
ize fragility, illiquidity, taxes, and welfare. Bailouts induce generous early payouts and
expand the run set; adding CBDC further lowers the withdrawal threshold by provid-
ing a safe outside option. Under a credible no-bailout commitment, CBDC essentially
stabilizes the system via insurance substitution: banks promise less first-period liquid-
ity, maturity mismatch falls, and tax needs decline. Within fragile equilibria, no-bailout
policies dominate bailout policies for welfare, both with and without CBDC; with CBDC,
the welfare gap is U-shaped in crisis probability. Taken together, the results suggest that
combining CBDC with a credible no-bailout stance can enhance financial stability, con-
tain fiscal costs, and improve welfare.

JEL Classification: E43, E61, E58, G21, G28
Keywords: CBDC, Digital Currency, Financial Stability, No-Bailout Commitment, Wel-
fare

*Preliminary draft, please do not circulate. We thank Monnisankar Bishnu, Olga Goldfayn-Frank,
Chetan Ghate, Kurt Horner, Pranav Mimani, participants at the Macroeconomics Workshop at Shiv Nadar
University, and Asia Meetings of Econometric Society NYU-Abu Dhabi conference for helpful comments.
Jain: Indian Statistical Institute - Delhi. Email: chakshujain9@gmail. com.

Halder: Indian Statistical Institute- Delhi and New York University Abu Dhabi. Email: sh7991@nyu.edu

1


mailto:chakshujain9@gmail.com
mailto:sh7991@nyu.edu

1 Introduction

Central Bank Digital Currencies (CBDCs) have moved from thought experiment to near-
universal exploration. Recent surveys show that most central banks are now evaluating
or testing CBDCs, and a growing number have entered pilots or live issuance. As of
2024, 91% of 93 central banks surveyed by the BIS reported working on some form
of CBDC.! By 2025, independent trackers counted roughly 137 countries and cur-
rency unions—covering about 98% of global GDP—engaged in CBDC projects, with
more than seventy in advanced stages (development, pilot, or launch), and three (the
Bahamas, Jamaica, Nigeria) fully functional.? These initiatives reflect a broad policy
agenda—improving retail payments, expanding financial access, and modernizing pub-
lic money—yet they also raise a core financial-stability question: how does a widely
accessible, safe outside asset interact with the stability of the financial system?

An important challenge highlighted in the literature is that CBDCs could, in fact,
increase fragility. In the event of a crisis, the presence of a safe and convenient form
of money may encourage depositors to withdraw from banks and shift their funds into
CBDC, creating the risk of self-fulfilling runs (Keister and Monnet, 2022; Williamson,
2022b). Some proponents argue that this drawback might be mitigated if CBDCs were
paired with active policy interventions, such as bailouts of distressed banks informed
by real-time flows into CBDC (Keister and Monnet, 2022). The central question, how-
ever, is whether CBDCs can be designed and implemented in a way that preserves their
benefits without undermining financial stability.

This paper builds a model of financial intermediation in the spirit of Diamond and
Dybvig (1983) and Keister (2016), where agents pool resources in banks to insure
against idiosyncratic liquidity risk. A fraction of depositors face relocation shocks be-
fore their deposits mature; because relocation status is private information, some may
withdraw early even if they do not need to. Banks provide liquidity by promising first-
period payouts, but this creates a maturity mismatch, making them vulnerable to runs.
Policymakers can observe the true state of the economy only with a lag, and in a “bad”
state, they may choose to bail out intermediaries once withdrawals cross a threshold.
Bailouts reallocate resources ex post, but they weaken ex-ante incentives by encourag-
ing banks to rely more heavily on short-term liabilities, thereby raising fragility.

In this environment, we introduce a CBDC as a safe alternative available to all

1See BIS 2024 Report for details.
2Refer to the CBDC tracker for the recent developments in CBDC adoption by Central Banks around
the world.
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depositors. CBDCs affect outcomes through two main channels. First, an insurance-
substitution channel: because depositors can turn to CBDC if needed, banks can promise
less first-period liquidity, reducing maturity mismatch. Second, a run-to-CBDC channel:
when CBDC offers a return above outside alternatives, even patient depositors may
withdraw in bad states, making runs on the bank more likely, which we define as the
fragility of the financial system. Our contribution is to map how these forces interact
under four regimes—bailout vs. no-bailout, each with and without CBDC—and to eval-
uate their consequences for fragility, illiquidity, taxes (used to finance the public good),
and the overall welfare.

Our analysis yields three main sets of findings. First, on fragility and illiquidity,
where we define financial fragility as the range of conditions under which runs on
banks can occur, and illiquidity as the extent to which banks rely on short-term liabili-
ties that leave them exposed when shocks arrive, we show that bailout policies encour-
age banks to offer generous early payouts, which in turn expand the range of conditions
under which runs can occur as the probability of a bad state rises. Introducing a CBDC
into a bailout regime reinforces this tendency: because depositors face both high first-
period payouts and a safe outside option, fragility emerges at lower thresholds of early
withdrawals. In contrast, when policymakers commit to no bailouts, CBDC essentially
stabilizes the system. Substituting for part of the insurance role of banks allows inter-
mediaries to decrease their short-term liabilities, thereby shrinking maturity mismatch.
Although we find a narrow region at low crisis probabilities where the run-to-CBDC
margin can generate fragility, across most of the parameter space, the combination of
no bailouts and CBDC delivers the most stable outcome.

Turning to the tax rates imposed under the different regimes, the results are un-
ambiguous. Bailout regimes require higher expected transfers and therefore higher tax
rates, with the bailout—-CBDC combination producing the most considerable fiscal bur-
den and the no-bailout-no-CBDC regime the smallest. In the presence of CBDC, the tax
differential between bailout and no-bailout regimes follows a kinked, nonlinear pattern
as the economy crosses into run regions, while without CBDC, the gap increases more
smoothly with the probability of a bad state. These differences have implications not
only for fiscal policy but also for the allocation of resources between public and private
consumption, providing a comprehensive understanding of the broader economic im-
pact.

Finally, in terms of welfare, no-bailout policies dominate bailout policies within
fragile equilibria. By limiting maturity mismatch, they preserve more resources for
second-period consumption. The presence of CBDC magnifies this effect as crises be-



come more likely. Still, when the probability of a crisis is low, the temptation to run
into CBDC makes the welfare advantage of no bailouts smaller. As the likelihood of a
bad state rises, however, the maturity-mismatch correction dominates and the welfare
gap widens. Taken together, these results suggest that combining CBDC with a credible
no-bailout commitment produces the strongest overall performance in terms of stabil-
ity, fiscal outcomes, and welfare.

Our results show how the effects of CBDCs interact with the broader financial-
stability framework. When the probability of a bad state (a sunspot-driven crisis)
is nontrivial, pairing a retail CBDC with a credible no-bailout commitment is stabiliz-
ing: intermediaries rely less on short-term liabilities, maturity mismatch shrinks, and
the set of parameters that admit runs narrows. By contrast, combining CBDC with
bailouts expands fragility because large first-period payouts meet a safe outside op-
tion, pulling non-movers into early withdrawal. These differences have fiscal conse-
quences. Bailout regimes require higher taxes to finance expected transfers, which
diverts resources from private consumption and public-good provision, whereas no-
bailout regimes—especially with CBDC—reduce the tax burden associated with crisis
support. In short, the stability benefits of CBDC hinge on the surrounding policy regime:
CBDC changes the trade-off, and the sign of that change depends on whether bailouts
are part of the toolkit.

The broader lesson is forward-looking. As the use of digital money expands—through
CBDCs, stablecoins, and faster-payment rails—policymakers face a world where safe,
immediately accessible outside assets are increasingly pervasive. Our analysis suggests
that credibility on no bailouts becomes more, not less, important in such an environ-
ment. A credible commitment disciplines intermediaries ex ante and limits the run
margins that a widely available digital asset can activate ex post. In practice, this
commitment can be complemented by CBDC design choices (for example, remunera-
tion tiers or holding limits) that dampen run incentives at very low crisis probabilities
without undoing the insurance-substitution channel that stabilizes the system when the
likelihood of a bad state rises. The remainder of the paper lays out the model, char-
acterizes fragility and tax patterns across regimes, and then turns to welfare and ex-
tensions, including how CBDC design and simple regulatory constraints interact with
these mechanisms.

Introduction of CBDC also has implications for the competitive landscape faced by
banks. A readily available public outside option tightens competition for retail fund-
ing, making deposit rates and payout promises more sensitive to policy and market
conditions. This can improve discipline and reduce maturity mismatch, but it can also
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compress intermediation margins and shift risk toward asset-liability management if
banks respond by searching for yield. The recent experience with rapid deposit out-
flows at regional institutions—facilitated by digital banking, social networks, and real-
time transfers—illustrates how funding can reprice and reallocate quickly even without
a CBDC. A retail CBDC would strengthen this channel unless design features and the
broader policy regime (in particular, a credible no-bailout stance) temper the incen-
tives to move early. Taken together, these considerations suggest that CBDC policy,
bank competition, and crisis management should be analyzed jointly: design choices
that preserve the insurance—substitution benefit while limiting run-to-CBDC behavior
can enhance stability without unduly weakening the intermediation capacity of banks.

Related Literature: This paper builds on a growing literature that develops models
to analyze how bailouts affect risk-taking incentives and financial stability (Allen et al.,
2018; Calomiris, 1990; Chari and Kehoe, 2016; Gropp et al., 2014; Panageas, 2010).3
Farhi and Tirole (2012) show that bailouts can generate incentives to align risks, in-
creasing instability, and argue that preemptive regulation is needed to avoid bailouts in
equilibrium. Bianchi (2016) provide a quantitative framework to measure how bailouts
affect stability, finding that the expectation of bailouts raises ex-ante risk-taking, which
in turn makes the system more fragile. Similarly, Keister (2016) shows that the overall
effect of bailouts depends on the balance between the insurance they provide and the
additional risk they encourage: in some cases bailouts can eliminate runs, while in oth-
ers they can make crises more likely.*

Our framework adapts Keister (2016), introducing ex-ante bailouts but also adding
a new investment option for depositors in the form of CBDC. This setup allows us to
directly compare the interaction of CBDC and bailout policy, focusing on how the two
together shape stability and incentives.

This paper is also connected to the growing theoretical work on CBDC and its im-
pact on banking system fragility, efficiency, and broader macroeconomic outcomes.’
Williamson (2022b) models an environment in which depositors cannot perfectly iden-
tify whether their own bank is distressed. In such cases, a CBDC may be more attractive

3See also Burnside et al. (2001), Diamond and Rajan (2012), Keister and Narasiman (2011), Pasten
(2020), and Stavrakeva (2020), who study the link between bailouts and financial fragility.

“A related strand of the literature studies how limited government commitment to ex-post opti-
mal policies shapes banks’ ex-ante behavior, often amplifying fragility (Acharya and Yorulmazer, 2007;
Bianchi and Mendoza, 2018; Holmstrom and Tirole, 1998; Nosal and Ordonez, 2016; Schneider and
Tornell, 2004). Davila and Walther (2020) show that bank size matters: optimal regulation imposes
size-dependent restrictions on leverage, which disproportionately constrain larger banks.

SFor recent contributions, see Brunnermeier and Niepelt (2019), Carapella and Flemming (2020),
Williamson (2022a), Keister and Monnet (2022), Davoodalhosseini (2022), Chiu and Keister (2022),
and Keister and Sanches (2023). A comprehensive review is provided in Infante et al. (2022).
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than cash because it is more widely usable, but this advantage can make runs more
likely. Keister and Monnet (2022) extend this framework to include bailouts, show-
ing that CBDC can generate an “information effect”: by accelerating the recognition
of weak banks, CBDC can reduce run incentives. Our contribution differs in that we
also consider the possibility of no bailouts in this setting, asking whether the incentives
created by withholding bailouts can replicate or even improve upon the outcomes with
CBDC.

Our work is also distinct from Kim and Kwon (2023), who adapt the framework of
Champ et al. (1996) to study how CBDC affects fragility through banks’ asset portfolios.
We instead focus on the liabilities side, as in Keister and Monnet (2022), abstracting
from monetary policy and concentrating on the role of government guarantees—or
their absence—in shaping fragility. Finally, there is a related literature emphasizing the
efficiency gains from CBDC (Allen et al., 2022; Chiu et al., 2023; Williamson, 2022a), as
well as a parallel strand highlighting that CBDC may raise banks’ risk-taking incentives
and thus increase fragility (Agur et al., 2022; Auer et al., 2022; Keister and Sanches,
2023; Minesso et al., 2022).

The remainder of the paper proceeds as follows. Section 2 sets out the model. Sec-
tion 3 analyzes equilibria under bailout regimes, both with and without a CBDC, while
Section 4 examines the corresponding no-bailout cases. Section 5 then compares stabil-
ity outcomes across all policy combinations. Section 6 studies how the optimal tax rate
behaves, and Section 7 evaluates aggregate welfare under different regimes. Finally,
Section 8 discusses the broader implications of our findings and Section 9 concludes.

2 Model

The model builds on Keister (2016), augmented to include a central bank digital cur-
rency (CBDC). This section describes the main elements of the model and defines fi-
nancial fragility in this setting.

2.1 The environment

There are three periods, t = 0,1,2, and a continuum of investors, indexed by i €
[0, 1], located in a continuum of regions indexed by j € [0,1]. The economy has one
private consumption good and a public good, the latter of which is produced at ¢ =
1. Each depositor is initially endowed with one unit of the private good and desires



consumption only at ¢ = 2. Preferences are given by

) B (Clﬂ')lfa glfo'
U(CZ>+U<Q) - 1—0o +61_O_7

where ¢/ denotes the private consumption of depositor i in location j and g is the level
of the public good, which is common across locations. The parameter § measures the
relative weight of public consumption in preferences, and ¢ > 1 is the coefficient of

relative risk aversion.

Banks allow each depositor to withdraw in either period ¢ € {1,2}. Goods not with-
drawn at ¢t = 1 earn a gross return R > 1 between periods. A fraction = of depositors in
each location learn that they will be relocated at the end of ¢ = 1. Relocating depositors
cannot contact their original bank after moving and therefore must withdraw at ¢t = 1.
They then earn an idiosyncratic return p; on the goods they carry to the new location,
distributed according to a continuous cumulative distribution function I’ on [p, p] with

p < R. Non-relocating depositors earn a fixed return py on any goods withdrawn at
t=1.

Unlike the classic Diamond and Dybvig (1983) model, where impatient investors
consume immediately at ¢ = 1, here we follow Champ et al. (1996) and assume movers
consume at t = 2. Once relocation shocks are realized, each depositor must decide
whether to withdraw in period 1 or leave funds until period 2. Withdrawals at ¢t = 1
take place in sequence: depositors arrive at the bank according to their index 7 and are
served in that order, as in Wallace (1988). For instance, the depositor with i = 0 knows
she will be the very first in line, while the depositor with ; = 1 knows he will be last.
Each depositor’s position in line is private information, but whether or not they choose
to withdraw is publicly observed. At ¢ = 2, whatever resources remain are divided
among those who chose to wait. Figure 1 shows the balance sheet of a bank in our
model.

2.2 Financial crises

Investors coordinate their actions on an extrinsic “sunspot” signal. Let S = {a, [}
denote the possible states, occurring with probabilities {1 — ¢, ¢} respectively. Investor ¢
chooses a strategy that assigns an action depending on her type (mover or non-mover)
and the state:

w; € {mo,nm}, y;:w; xS — {0,1},

where y; = 0 means withdrawing early and y; = 1 means waiting until ¢ = 2.



t=20

Assets
Reserves
Liabilities

Deposits =1 — 7

J

t = 1 after § withdrawals

( 7

Assets
Remaining resources Y
Liabilities

6 ¢, paid to early withdraw-

ers
L J

-

t=1lend / t=2

Assets
R on retained goods
Liabilities

c1s tO remaining movers
c9s tOo non-movers at t=2

Figure 1: Bank’s balance sheet before the introduction of CBDC

2.3 Timeline

The sequence of decisions is illustrated in Figure 2. At ¢t = 0, investors deposit their

endowments with intermediaries, and the policymaker collects a fraction 7 of total

deposits as taxes. At t = 1, investors observe their type w; and the sunspot state s,

and decide whether to withdraw. Those who withdraw arrive sequentially, in order of

index i. The state s is realized at the start of ¢ = 1, but intermediaries and policymakers

observe it with a lag—only after a fraction 6 € (0, 7] of investors have withdrawn. If

s = [ and a crisis is underway, policymakers may choose to provide a bailout. By the

end of ¢t = 1, all early withdrawals have been served, and the remaining resources are

used to finance the public good. At ¢ = 2, the remaining depositors withdraw from their

intermediaries.

Endowments
deposited

Investor
observe {w;, S)

sremaining
0 served : withdrawals ;

s b=1
withdrawls
end

|

t=2
withdrawals

Collect T

' 2 L

Withdrawals begin S revealed,

Possibility to bailouts
invest in CBDC (if needed)

Figure 2: Timeline.

3 Equilibrium with Bailouts.

=

public good

provided

We begin by examining equilibrium outcomes when the policymaker faces no restric-

tions on providing bailout payments. Specifically, we study the conditions under which
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the financial system becomes more fragile—both with and without a CBDC—under
such a bailout regime. We then derive the equilibrium allocation of resources for each
case. In the following section, we contrast this with the situation where the policy-
maker can credibly commit to a no-bailout policy, and analyze how fragility depends
on the presence of a CBDC in that setting.

3.1 Case 1: No CBDC.

We first consider the equilibrium without a central bank digital currency. The analysis
proceeds by backward induction. Initially, the policymaker selects a tax rate in period
0. Anticipating the possibility of bailouts, intermediaries adjust their behavior as the
first fraction 6 of investors withdraw. If a crisis emerges once the state is revealed,
the policymaker chooses bailout transfers. Finally, given the state and any bailouts
received, intermediaries decide how to allocate their remaining resources across movers
and non-movers. To keep the analysis tractable, we assume that the idiosyncratic return
follows a uniform distribution, p; ~ U(p, p).

3.1.1 The allocation of remaining private consumption

First, consider the last decision (d) for intermediary j to consider how much to give to

each remaining movers in period 1, and a common amount ¢, to each of the re-

1s>
maining non-movers in period 2. Notice that the intermediary could take this decision
only after knowing that a fraction 6 of the investors have already withdrawn, the state
s have been revealed, and if any bailout payment has been made. Based on this infor-
mation, the intermediary considers the payments out of the remaining resources W/. If
we let 7, be the fraction of remaining investors who are movers and will withdraw in

period 1, which is either,

. m—40 .
Ta = 1_ 9 or 7T5 = T.
The payment will be chosen to solve,
. p . 4
V(¥ 7,) = max  (1-0) lﬁ/ u(picly) Flpi) + (1= 7t)u(e,) | . (D
{cjls70325} E
subject to the feasibility constraint,

~ g ~ C%s j

(1—-10) |75c],+ (1 — WS)E = U/, (2)

Let 4 denote the multiplier on the constraint, the optimal solution to the above prob-



lem is characterized by,

(p—p)°

= () = Rul(c],) = ®)
. acl, . : 1, L
It is easy to show that 5 < 0Vie{1,2}if R > (2—0)"1(p — p) which is
T -
true given our assumption that ¢ > 1.6 This condition implies that as the fraction of
remaining investors who are movers rises, fewer resources are left invested to realize

the return R. As a result, the allocations to both movers and non-movers must fall.

3.1.2 Bailout Policy

We now turn to stage (c), where the policymaker decides on the size of the bailout
when the state of the economy is S = . In this state, the sunspot shock triggers a run,
and some of the early withdrawals by the first # investors include non-movers. As a
result, a larger fraction of the remaining investors, 75, are movers. These additional
early withdrawals reduce the available resources, leading to lower values of {c]_, ) }.

To offset this decline, the policymaker can transfer bailout funds to intermediaries
facing distress. Suppose a payment &’ is made to intermediary j. Total bailout spending
is financed from the tax revenue collected at ¢ = 0. Let O(j) denote the distribution of
investors across intermediaries; then aggregate bailout payments satisfy

b= / b do(j)
Bailout payments are chosen to maximize

%??/V(\Ifg;frﬁ)dG)(j) + (T —b)

subject to the resource constraint
V=1—7—0c +V Vj
FOC of the problem will give us

V(T —b) =y Vj 4)

Suppose, by contradiction R < (2 —o)ﬁ (p—p). Because p < R, this implies R < (2 —o)ﬁ (R—p);
P2 — J)ﬁ < R((2- a)ﬁ —1). This inequality will never hold because ((2 — U)ﬁ —1)<0aso > 1.
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For a given size of bailout package b per investor, this will mean that

V =b+0[c] —a (5)

with ¢, being the economy wide average payment ¢ to those investors already with-
drawn. The remainder of the resources under this state will be

U, =1-7—0c +b (6)

3.1.3 Choosing consumption before observing the state

Moving backward to decision (b), to ascertain the amount of consumption chosen by
the intermediary to give to each of the 6 fraction of investors before observing the state.
Intermediary j will choose ¢} to maximize

max f [/ppu (1) Flpi) | + (1= V(Wi 7ta) + gV (W; 75)

{c}}

S.t.
W =1—7—6c,

U =1-7—06c +0b.
The first order condition for this problem is,

(p—p)'—°

5 (@) =19, (7)

The intermediary chooses ¢ to equate the marginal value of resources before the state
is known to the expected shadow value of resources in the no-run state, ignoring the
value of resources in the event of a run. This condition represents incentive distortions.
This condition is optimal because the resources available to the intermediary in the run
state will be independent of its own choice of /.

3.1.4 Tax Rate

Finally, we need to find the optimal tax rate 7 in decision (a) that the policy maker will
choose to maximize ex-ante welfare, which is given by,

0 [ / " (pier(r)) F(p)

+ (1= q)[V(¥: 7o) + 0(ga)] + alV (W 75) + 0v(g)]  (8)
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subject to resource constraints,
U,=1—7—0c(1) )
Ug=1—7—0c (1) +b(T) (10)
and the government budget constraints,
Ga =T (11)

gs =T — b(7) (12)

where we have omitted the j superscript of the intermediaries since all of them face
the same problem.
Taking the FOC with respect to 7 will give us,

00 220 (- v (~1-052 )+ (- '
+ @' (r=0b(r))(1 =¥b'(7)) + qV’(\IJ%; 7ig) ( —1- 0% - b’(T)) =0

S l1-0o —o )
— o (2 s 5 = (= e — ()
+ qlusg — V' (r = b)Y (T)  (13)
Combining (4) and (7) we get,

q dey
V' (T) = plo + ——pgl—. 14
(1) M+1_qﬂ,8 I (14)
If ¢, the probability of crisis is zero, the tax rate is set to be equal to the marginal value
of the public good in state «. When ¢ is positive, the policymaker recognizes that 7
affects intermediaries’ choice of ¢; and hence can be used to correct the distortions

created by bailout policy.

3.2 Case2: With CBDC.
3.2.1 Introducing CBDC.

We now introduce a central bank that issues a digital currency (CBDC), which provides
depositors with an alternative means of transferring funds from ¢ = 1 to ¢t = 2. The cen-
tral bank operates in all locations of the model. Following Keister and Monnet (2022),
we assume the CBDC accepts deposits in period t = 1 and pays a return p¢ € [p, g

12



at ¢t = 2. Importantly, depositors can access their CBDC balances from any location
at t = 2. This feature makes CBDC particularly valuable for movers, since it does not
require them to transport goods across locations. In equilibrium, the central bank itself
does not need to transport goods: withdrawals by movers arriving in a location can be
covered by deposits of movers who exited from that same location.

Whether a mover finds CBDC attractive depends on how her individual return p;
compares to the CBDC return p©. We interpret these returns as capturing how well dif-
ferent payment methods serve an investor’s needs. Movers with relatively high p; ben-
efit sufficiently from carrying goods themselves and have little incentive to use CBDC,
whereas those with low p; will prefer the convenience of depositing into CBDC. Non-
movers also have the option to use CBDC, though their incentives differ. In normal
times, a patient depositor strictly prefers to leave funds with the intermediary until
t = 2, since the return R exceeds p©. If the bad state occurs and she decides to with-
draw early, her choice between CBDC and holding cash depends on whether the outside
option p? is lower or higher than p©. For tractability, we assume p" = 1. Figure 3 shows
the decision tree of an investor after the introduction of CBDC.

[ Observe type w; & state S }

/ T

compare pi v pc

[Use CBDC if p© > p; } [Carry goods if p; > pC } [Wait t0 t=2: caq (since cio < C24) } ‘ Withdraw early if c1 > cap

(run condition) [ Otherwise wait to t=2: ¢y }

Figure 3: Decision tree for Investor choices at ¢=1.

Because relocation status is private information, the central bank cannot initially
distinguish whether deposits into CBDC come solely from movers or from a mix of
movers and non-movers. Our aim is to assess whether introducing a CBDC alongside
a bailout policy reduces fragility in the financial system, as discussed in Allen et al.
(2022); Fernandez-Villaverde et al. (2021). Figure 4 represents the balance sheet of
the bank after the introduction of CBDC.

Introducing a CBDC affects behavior through two broad channels. First, an insur-
ance substitution effect: because some depositors can earn the CBDC return p¢ after
withdrawing at ¢t = 1, the banking system needs to provide less liquidity insurance. In
terms of allocations, this tilts the constrained—efficient outcome toward smaller early
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CBDC (return p©):
» Movers use CBDC if p¢ > p;
* Non-movers may use CBDC
when withdrawing
* Flows occur at t=1

Y
t = 1 after 0 withdrawals

t=1lend / t=2

Reserves

Deposits =1 — 7

J

-

Assets

Remaining resources W,

f c1 paid to early withdraw-
ers

J

Assets

R on retained goods

c1s to remaining movers
cos tO Non-movers at t=2

Figure 4: Bank’s balance sheet after CBDC.

payouts to movers and larger late payouts to non-movers (recall the standard Diamond
and Dybvig (1983) logic with ¢} > 1). Second, a run-to-CBDC effect: if p > p", non-
movers have a stronger incentive to withdraw in the bad state and place funds into
CBDC, making runs more likely—especially under bailout regimes. With these mecha-
nisms in place, we next study equilibrium under bailouts with CBDC and solve jointly
for the intermediaries’ policies and the government’s choice of taxes and transfers.

3.2.2 The allocation of remaining private consumption

Similar to the previous case, we solve the game backwards, starting with decision (d)
in the Figure 2, with intermediary choosing the consumption allocation contingent on
the state of the economy. The intermediary will choose the payments to maximize its

value,

C

u(picly) + /

p

p

C

u (mci;)} F(pi) + (1= #)u (c} )] ,
(15)

V(B = max (1) lw U

J J
{Cls €25
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where the distribution function is

0 for p; < p
F(pi; p°) = -
F(p;) forp; >p

to incorporate the return from CBDC, and subject to feasibility constraint,

(1-0) frsc{s%—(l—frs)% = 0.

The first term in the bracket of the value function reflects that movers with idiosyncratic
returns p; < p° place their funds in the CBDC and earn the fixed return p¢, while those
with p; > p° continue to earn their own idiosyncratic return. The remaining non-movers
simply receive their respective payoffs. The Lagrangian for this problem is

ﬁxﬁ)“”(@c—ﬁx

l1—0

EIRQTEY i WIES A )

that gives the following first-order condition,

ﬁ:(1—9)(

() "A=R(c,)" =1, (16)

where,

A:(@C—@@%1”+ @—p%%”)‘

p—p 2—-a)(p—p)
Like in the case under no CBDC but with a bailout mechanism, the intermediaries will
equate the marginal utility of consumption in both the periods to the shadow price

~

s
the consumption allocated to depositors declines as the fraction of movers left to be

of consumption. Further, it can be shown that gczs < 0V i € {1,2} implying that

served increases once the intermediary learns the state of the economy. Notice how the
marginal utility in period 1 is augmented by the returns, A, from both the idiosyncratic
returns earned by withdrawing as well as from investment in a CBDC. The optimal
solution to the problem is characterized by,

Wy

S

C;s_

1

(1-0) (v ()7 +552)
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Q=

%= (%) (1-0) (x é)ﬂ%)'

we can see (c},)(p) > 0 and (c],)'(p°) < 0 as jp—Ac < 07, which is similar to as men-
tioned in Keister and Monnet (2022). This implies that when CBDC is introduced,
the constrained efficient allocation gives a smaller payment to movers (c{s(pc)) and a
larger payment to non-movers (cés(pc)). In other words, CBDC reduces the need for
banks to issue short-term liabilities and, equivalently, lessens the extent of maturity

transformation in the system.

3.2.3 Bailout Policy

The conditions for the optimal bailout package are qualitatively similar to those in the
no-CBDC case. However, both the value of remaining resources and the size of the
bailout package now depend on the return offered by the CBDC. If the CBDC return is
sufficiently high such that p¢ > p"V, movers have an additional incentive to withdraw
early when the state is 5. This behavior reduces the resources available for the remain-
ing investors and therefore necessitates a larger bailout package to restore stability.

3.2.4 Choosing consumption before observing the state.

Moving backward to decision (b), to ascertain the amount of consumption chosen by
the intermediary to give to each of the 6 fraction of investors before observing the state.

(P°=p)(p°) 7 p—p<)>~°
"We know, A = ( =N + ((2pcf)(2)p)>’

=y e (%) - (55) ]

The term in the braces is negative as we can see,

C _ o\ 1—o
pC —p p—p

1< (c—1 = +< > ;
( )( - ) e

T
2—o 2’

Using, R >

This is true; jp—"é <0.
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Intermediary j will choose ¢/ to maximize

p
max 6 [ /
{c1} P

subject to

C

wlot) + [ o) | #0)

+ (1= q)V (W 7a) + qV (V% 7p)

. {G(c{)l‘”<<pc—g)(pc)” (p g) €)%

l1—0 +

B i ) [ - v < v (wis

The FOC of the problem is given by,

= (c]) A= (1~ g, (17)

3.2.5 Tax Rate

Finally, we need to find the optimal tax rate 7, decision (a). The condition for the
optimal tax rate remains the same as no CBDC case, that is,

q dCl

/
——pgl—

3.3 Equilibrium Characterization

The analysis above implies that, under a bailout regime, the best responses of interme-
diaries and the policymaker can be summarized by the allocation vectors

BN __ BN BN BN BC __ BC BC BC
c = {Cl ) {Cls y Cos 7gs }SG{a,ﬂ}}a Y = {Cl ) {Cls y Cos 7gs }SG{CV,B}}7

where BN denotes bailouts without CBDC and BC' denotes bailouts with CBDC. Here
" is the early payment promised to the first 6 investors before the state is observed,
while ¢’ and ¢J. are the post-state allocations to the remaining movers and non-

movers, respectively, for s € {a, §}.

In equilibrium, the strategy profile we focus on has movers withdrawing at ¢t = 1
in both states, non-movers waiting until ¢ = 2 in the good state «, and (when a run
occurs) non-movers with indices i < 6 joining the first-period queue in the bad state (.
This is one admissible run equilibrium consistent with our fragility notion.
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To verify that non-movers wait in state «, we require ¢}, < ¢4,. From the first-order
conditions in (3) and the period—0 choice condition (denoted (7)) in the no-CBDC case,

we obtain
u'(cfN)  (1-¢q)R(2-o0)
A R
so PN < BN whenever
= l1—0o
P et i
q < 2—0
R

Similarly, combining the CBDC first-order condition (16) with its period—0 counterpart

(17) gives
W ()  (1-9R
w(eke) A

so cP¢ < cBY whenever
R—A
7

Because /() is strictly decreasing, a ratio greater than one implies the early payment

q <

is lower than the late payment, hence non-movers prefer to wait in state a.®

The remaining incentive to check is for non-movers in the bad state 5. A run equi-
librium (fragility) under regime m € {BN, BC'} requires that non-movers with i < 6
prefer to join the queue at ¢t = 1. Using our earlier fragility definition, this is equivalent
to

N > ) and PO > B

Hence, the non-movers will exert a run on the system under bailouts without CBDC
iff PN > BV, and under bailouts with CBDC iff ¢f'“ > ¢ff’. In the next sections, we

analyze the corresponding equilibria when the policymaker can commit to no bailouts.

4 Equilibrium with No bailouts.

In this section, we consider the case in which the government commits not to provide
bailouts to intermediaries in the event of a run, that is, ¥ = 0 Vj in all states of nature.
A no-bailout policy has been shown to improve incentives and act as a regulatory de-
vice against distortions (Acharya and Mora, 2015; Allen et al., 2018; Calomiris, 1990;
Demirgiic-Kunt and Detragiache, 1998; Gropp et al., 2014). As in the bailout case, we

8For the no-CBDC case, combining (3) and (7) yields (p 5 B) uw'(c1) = (1 — ¢)Ru/(c20). Thus
— 0
= l1—0o
uley) = - g)RE2 - U), which exceeds one iff ¢ < (R — ) )/R. The CBDC case is analogous
w(c2a) (P=p)'7 2-0
(p—p)'°

using A in place of 5
— 0
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derive the best responses of intermediaries and the policymaker to the possibility of
a run following the realization of the state of the economy, both with and without a
CBDC.

4.1 Case 1: No CBDC.

Decision (d) is unchanged; intermediaries will still allocate their remaining resources
according to equation (1). Decision (c¢) is now trivial, since ¥/ = 0, The analysis for
this case begins, therefore, with decision (b) in which intermediary choose the amount
of consumption ¢ that will be allocated to the depositors by the intermediaries before
observing the state.

4.1.1 Choosing consumption before observing the state.
As in the previous case without CBDC, intermediary j chooses ¢ to solve
P . , .
max § / u(pict) F(pi) + (1= @)V (Wi 7a) + qV (V5 )
{a} P

subject to the resource constraints

U, =V, =1-7—10c,
Since no bailout scheme is available, and the same resource constraint applies under
both states.

The corresponding first-order condition is

(p— )= (c)
2—0

= (1 = q)pta + qiug, (18)

which highlights the change in incentives relative to the bailout case. Now the inter-
mediary equates the marginal value of resources before the state is observed with the
expected marginal value across both states, explicitly weighting the probabilities of «
and . This feature illustrates one potential advantage of a no-bailout policy: interme-
diaries internalize both possible outcomes when setting ¢/.

At the final stage (a), the policymaker chooses the tax rate 7 to maximize equa-
tion (8), subject to the resource constraint b(7) = 0. This yields the allocation

ga:gﬂ:Ta
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with first-order condition
V(1) = (1 = @) e + qis- (19)

Hence, the tax rate is pinned down as a constant fraction of period-1 consumption
chosen before the state is realized. Because all tax revenues are used to finance the
public good in both states, the government equates the marginal value of taxes to the
expected marginal value of consumption. We now turn to the economy with a CBDC
introduced under a no-bailout commitment.

4.2 Case 2: With CBDC.

Decision (d) is unchanged; intermediaries will still allocate their remaining resources
according to equation (1). Decision (c¢) is now trivial, since &/ = 0, The analysis for
this case begins, therefore, with decision (b) in which intermediary choose the amount
of consumption ¢/ that will be allocated to the depositors by the intermediaries before
observing the state.

4.2.1 Choosing Consumption before the State

Like in previous case with CBDC, intermediary j will choose ¢! to solve,

s “ / " o) + [ P

subject to

+ (1= V(W 7ta) + qV () 75)

W =1—7—6c
qf%il—T—QC{

Note that in the absence of a bailout policy, the resources available to the intermediaries
are the same in both states of the world. Forming the Lagrangian as

9(c{)1‘”((pc—p)(po)1 7 (p—pO)re ) -
L= — + = +(1— V(L =7 —0c); 7
e (E r g )V e
+qV(1 =1 —0c); 7tp)
FOC with respect to ¢ will give us
Ad'(e]) = (1= @)t + quis (20)

In the last decision (a), the policymaker will choose the tax rate 7 and the equation is
equivalent to previous case with no CBDC, that is,
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V(1) = (1 = Q) pta + qfta

The above analysis establishes that the best responses of intermediaries and the
policy maker under the no-bailout regime with and without CBDC can be summarized
by a vector

NN __ NN NN NN NN
c :{Cl 7{015 1Cos 1 9s s:a,ﬂ}a

where NN represents the case with No Bailout and No CBDC.

M ={a" {en” e 9.0 Femash
where NC represents the case with No Bailout and CBDC. As in the previous section,
comparing two elements of the vector yields a necessary and sufficient condition for
the existence of any equilibrium in which some investors choose to run in state 5. We
will make use of this definition to talk about how fragile the economic system is under
each policy regime.

5 Fragility

5.1 Comparing the Degree of Illiquidity

A key part of the analysis is to compare the effects of different policy combinations
on how intermediaries behave when faced with the initial fraction of investors who
withdraw their deposits. This behavior, in turn, determines whether or not a run will
occur. To capture this, following Keister (2016), we define the degree of illiquidity in
the financial system as

Oct

o = : for m € {NN,NC,BC, BN}, (21)
_Tm

where NN, NC, BC, BN represent, respectively, the cases of no-bailout policy with no
CBDC, no-bailout policy with a CBDC, bailout policy with a CBDC, and bailout policy
with no CBDC.

Intuitively, the numerator captures the size of short-term liabilities: a fraction 6 of
investors withdraw an amount ¢; before intermediaries or regulators can react to a
crisis. The denominator reflects the value of assets still held by intermediaries at the
end of the first period. Taken together, ¢™ gives us a measure of illiquidity, and hence

maturity mismatch, under a given policy arrangement.
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Proposition 1. For a given value of 9, the following ranking is preserved across the four

regimes:

BN NC

0 > QBC

NN

>0 >0

for all ¢ > 0.
Proof. See Appendix A O

Proposition 1 shows that illiquidity is highest when bailouts are in place and no
CBDC is available (BN), and lowest under the combination of no bailouts with CBDC
(NC). The intuition runs as follows. A no-bailout regime makes intermediaries more
cautious, since they cannot rely on external support in the bad state. As a result, they
hold more reserves, which lowers the first-period payout ¢j*. The presence of CBDC
adds another layer: because depositors already have access to a safe outside option,
the need for intermediaries to provide liquidity insurance falls. This further reduces
the size of ¢|". Together, the two forces mean that under the NC regime, intermediaries
take on less short-term liability, lowering maturity mismatch and reducing the incentive

for non-movers to run.

At the same time, as discussed earlier, a no-bailout policy is not costless. On the one
hand, it encourages intermediaries to hold larger reserves, which strengthens stability.
On the other hand, it also gives non-movers—who would otherwise prefer to consume
in the second period—a stronger incentive to withdraw early at the first sign of trouble.
In this respect, the presence of CBDC plays a corrective role. Since CBDC provides a
reliable outside option, intermediaries need to provide less insurance through deposits.
That relaxes the pressure on them to create large early payouts, leaving more resources
available for the second period. In equilibrium, this means lower short-term liabilities
and a smaller degree of maturity mismatch.

Overall, the ranking in Proposition 1 highlights how the interaction between bailouts
and CBDC shapes the extent of illiquidity in the system. Bailouts without CBDC leave
intermediaries with the most substantial incentive to create a maturity mismatch. In
contrast, the combination of no bailouts and CBDC produces the opposite outcome:

fewer short-term liabilities, more second-period resources, and a less fragile system.

Though the presence of a no-bailout policy can potentially reduce the maturity mis-
match faced by the intermediaries, it does not guarantee that the economy is going to
be secluded from a run on the banking system. Next, we characterize which among the
regimes is more likely to face the possibility of a run, and therefore deemed to be more
fragile.
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5.2 Fragility

Before comparing run outcomes across policy regimes, we first define fragility in the
model. Following Keister (2016), we say:

Definition. An economy is fragile if a positive mass of non-movers withdraw in the first
period in state [3.

The idea is straightforward. A sunspot shock can cause both movers and non-movers
to panic. In state §, any non-mover with index i < 6 will choose to withdraw in
the first period and take cj* rather than wait until the second period for ¢y, for m €
{NN,NC,BC, BN}. In other words, the economy is fragile when non-movers behave
like movers in state 3 and withdraw early.” Formally, the condition for fragility under
regime m is

e’ > cy, m € {NN,NC,BC,BN}.

In state «, non-movers strictly prefer to leave funds with the intermediary until the
second period. As shown earlier, ¢;5 < ¢, for s € {a, 5}, so the only case where a run

can arise is in state /3. Let

cm = {611%7 {Cﬁa Cgfgu g;n}s:oz,ﬁ}

denote the set of equilibrium allocations under regime m, and define ™ as the set of
economies that are fragile under m.

The introduction of a CBDC adds two opposing forces. On one side, if the CBDC
return p¢ exceeds the individual outside return p;, then depositors have less need for
the intermediary to provide liquidity insurance. This lowers the degree of maturity mis-
match chosen in equilibrium and works to reduce fragility. On the other hand, when p¢
is higher than the usual outside option p, non-movers prefer to take out their funds
early in state § and move them into CBDC. This behavior makes the system more frag-
ile. The overall outcome then depends on the specific parameter values and the policy

regime.

In what follows, we solve the model numerically and, for each regime, identify the
parameter regions in which the economy is fragile. We then compare these regimes to
assess how bailouts and CBDC affect fragility.

“We assume fragility never occurs in state a.
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5.3 Fragility under a No-CBDC Policy

We begin with the case without CBDC, which is qualitatively similar to Keister (2016).
Figure 5 plots the sets of fragile economies under no bailouts (&), under bailouts
(®BY), and their overlap on the (6,¢) plane for three values of § (the weight on the
public good)!°.

A=0.00000, v=1.4 A=0.00100, v=1.4 A=0.01000, v=1.4
06 a 06 X 067 =

0.5

L L L L L L L L L L L L L L L
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 025 0 0.05 0.1 0.15 0.2 0.25
q q q

Figure 5: Fragile economies under a no-CBDC policy

Two patterns stand out. First, under bailouts (B V) the fragility threshold for ¢ falls
as ¢ rises (downward-sloping boundary). A higher probability of the bad state induces
intermediaries to promise larger early payouts, which encourages non-movers to join
the first-period queue and makes fragility occur even at lower #. Second, under no
bailouts (NN) the relationship reverses: as ¢ increases, the threshold 6 for fragility
rises (upward-sloping boundary). Without public support, intermediaries self-insure by
holding more liquid reserves, lowering ¢; and making runs less attractive.

When ¢ is small, however, the no-bailout regime can be more fragile than the bailout
regime (the medium-shaded region at low ¢). With crises unlikely, bailout-induced dis-
tortions are modest, so early payouts look similar across regimes; but with no transfers
in a bad state, the payoff from waiting is lower under NN, which nudges patient de-
positors to withdraw early and shifts the fragility threshold downward.

The role of ¢ is straightforward across the three panels. Larger § implies larger
bailout needs (via higher tax resources available to support intermediaries). Removing

19The other parameter values used in this figure are R = 2,7 = 0.5,y =14, p = 1.8, p = 0.3
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those transfers in VN therefore has a bigger effect on incentives: the upward shift
in the no-bailout boundary is more pronounced at higher §. As ¢ grows, the bailout
distortion dominates and ®Z" expands while ®¥V contracts, reflecting the same two
forces emphasized throughout: bailouts raise run incentives by supporting large early
payouts, whereas no bailouts push intermediaries to self-insure and reduce maturity

mismatch.

5.4 Fragility under a CBDC policy

Figure 6 reports the fragile sets under CBDC for the two regimes: no bailouts with
CBDC (®M¢) and bailouts with CBDC (®¢). As before, the panels plot the loci on the
(6, q) plane for three values of § (the weight on public good provision)!!. Dark shading
indicates the overlap where both regimes are fragile; the light areas mark fragility
under a single regime.
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Figure 6: Fragile economies under a CBDC policy

Three features stand out. First, with CBDC the bailout frontier (%) shifts down
relative to its no-CBDC counterpart: for a given ¢, fragility under BC appears at lower 6.
The reason is straightforward. Bailouts support large early payouts, and the availability
of CBDC gives non-movers a clean outside option; together they amplify the incentive
to join the first-period queue. Second, the (®V¢) boundary is visibly non-monotone in
q, with a kink. At very low ¢, CBDC’s appeal nudges patient depositors toward early
withdrawal even without bailouts, pulling the threshold down. Past an intermediate
value of ¢, the effect reverses: intermediaries in NC' self-insure and, because CBDC

1 The value of CBDC return, p,. is assumed to be 1.5.
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substitutes for part of the liquidity insurance, choose a lower ¢;. That reduces maturity
mismatch and pushes the fragility threshold up. Third, increasing § widens the region
where BC is fragile relative to NC. A higher ¢ raises fiscal capacity and the scale of
state-contingent support under bailouts, which makes large early payouts easier to sus-
tain and thus expands ®7¢; by contrast, under NC the insurance-substitution channel
of CBDC keeps the rise in fragility in check.

Introduction of a CBDC has two competing effects on fragility. The benefit is the
insurance-substitution channel: because CBDC offers a safe return, banks need not
promise as much first-period liquidity, so ¢; is lower and maturity mismatch shrinks—this
stabilizes the system, especially as ¢ grows. The drawback is the run-to-CBDC channel:
when CBDC’s return compares favorably with the outside option, non-movers are more

(I)NC

willing to exit early, which raises fragility at low ¢. The kinked frontier in is exactly

where the balance tilts from the drawback to the benefit.

Comparison with the no-CBDC regime. Relative to Figure 5, the main difference
is the shape and placement of the no-bailout frontier. Without CBDC, the bailout set
(®BY) slopes down in ¢ while the no-bailout set (®"") slopes up, and the thresholds
move smoothly. With CBDC, (®5¢) expands (downward shift) because bailouts plus
a ready outside option encourage early withdrawals; meanwhile (&) becomes non-
monotone in ¢, reflecting the insurance-substitution benefit at higher ¢ and the run-to-
CBDC temptation at lower ¢. Put simply: CBDC alone does not uniformly stabilize the
system—it changes the trade-off. It curbs maturity mismatch, but it also makes it easier
for non-movers to join the run, and which force dominates depends on the parameter
values of ¢, 6, and .

5.5 Comparing between cross-policy regimes
5.5.1 Under a Bailout Policy

Figure 7 compares fragility sets when bailouts are in place, with and without a CBDC.
The light green region marks fragility under bailouts with CBDC (®£¢), the blue re-
gion marks fragility under bailouts without CBDC (&%), and the purple area is their
overlap. Each panel plots the (¢, ¢) plane for a different value of ¢ (left to right: higher
weight on public good provision).

Two facts are immediate. First, for a given ¢, the no-CBDC bailout frontier (blue)
typically lies below the CBDC frontier (green): the economy becomes fragile at a lower
value of ¢ without CBDC. Intuitively, with bailouts in place banks are comfortable
promising high early payouts ¢;. If there is no CBDC, depositors lack a safe outside
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P only: no CBDC vs CBDC
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Figure 7: Fragile economies under bailouts-only policy: CBDC vs. no CBDC

option, so banks must do even more of the insurance “in house,” which pushes ¢; up
and increases maturity mismatch. That combination (bailouts + no CBDC) makes it
easier for non-movers to join the first-period queue; hence fragility arrives “sooner” in
0 under BN. By contrast, introducing a CBDC allows some of the insurance burden to
shift away from banks. Intermediaries can set a lower ¢;, which raises the ¢ threshold
for fragility under BC—even though CBDC also creates a potential run-to-CBDC mar-
gin.

Second, the shape of the green and blue frontiers differs across ¢q. At very low g,
the run-to-CBDC motive is visible in the BC set: CBDC offers a clean outside option,
so some patient depositors are tempted to exit early. But as ¢ increases, the insurance-
substitution channel dominates under BC: lower ¢; reduces maturity mismatch and
the fragility boundary shifts up relative to BN. This is why the green region tends to
sit above the blue region for moderate and high ¢.

The role of ¢ can be read across the panels. A higher § means more fiscal capacity
and larger state-contingent support when bailouts are used. That expands fragility in
both BC and BN, but the expansion is stronger under BN, where banks rely more on
large early payouts to provide insurance. Under BC, CBDC takes part of the burden
off bank balance sheets, so the shift in the frontier with ¢ is comparatively muted.
The growing purple overlap as § rises reflects parameter combinations where both
regimes are fragile, but the ordering of thresholds—BN becoming fragile at lower 6
than BC'—remains visible.

In short, within a bailouts-only world, CBDC changes the mix of forces. It introduces
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a new route for runs (depositors can flee to CBDC), but it also lets banks promise less
first-period liquidity. In the region that matters for policy—moderate to high ¢—the
insurance-substitution effect dominates, so CBDC raises the 6 threshold for fragility
relative to no-CBDC bailouts. Without CBDC, the system leans more heavily on bank-
provided insurance, and fragility arrives sooner.

5.5.2 Under a No-Bailout Policy

Figure 8 compares fragility when bailouts are ruled out, with and without a CBDC.
The orange region marks economies that are fragile under no bailouts without CBDC
(®NN), the pink region marks fragility under no bailouts with CBDC (®V¢), and the
violet area is the overlap. Each panel maps the (6, ) plane for a different value of ¢
(left to right: higher weight on public good provision).

@Y only: no CBDC vs CBDC
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Figure 8: Fragile economies under no-bailouts only policy: CBDC vs. no CBDC

Three observations stand out.

First, across most of the plotted range the pink frontier (CBDC) sits above the orange
frontier (no CBDC): for a given ¢, fragility under NC typically requires a higher 6 than
under NN. The mechanism is the insurance-substitution effect. With no bailouts, in-
termediaries already self-insure. Introducing a CBDC lets them lean less on large early
payouts, so they choose a lower ¢;; maturity mismatch shrinks and runs are harder to
trigger, which raises the 6 threshold for fragility.

Second, very close to the origin (low ¢) the picture tightens and the pink region
occasionally pushes down toward the orange boundary. This captures the run-to-CBDC
margin: when the bad state is unlikely, the appeal of a safe CBDC can pull some patient
depositors into the first-period queue even without bailouts, making fragility appear at
slightly lower # than otherwise. In other words, CBDC trims maturity mismatch overall,
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but at very low ¢ it can also create a small pocket where the economy is more prone to

runs.

Third, moving rightward across panels (higher §) expands the set of fragile economies
for both NN and NC, and the violet overlap widens. Larger ¢ increases public-good
spending financed in period 0, tightening budget constraints in the bad state and mak-
ing early withdrawals more consequential. Even so, the ordering noted above largely
survives: for most (6,q), NC needs a higher # to become fragile than NN, reflecting
that CBDC allows intermediaries to promise less first-period liquidity when bailouts are
off the table.

Taken together, in a no-bailouts environment, the main effect of CBDC is stabiliz-
ing—by reducing ¢; and maturity mismatch—while its downside shows up in a narrow
low-q region where the ready outside option encourages early exit. The figure makes
both forces visible: a higher fragility threshold with CBDC in most of the domain, and
a small low-¢ wedge where the CBDC margin binds.

5.6 Extreme cross-regime comparisons

We now compare the two extreme pairs of regimes. The first figure contrasts Bailout
without CBDC (®5V) with No Bailout with CBDC (®V¢), and the second compares No
Bailout without CBDC (®V") with Bailout with CBDC (®7¢). In each panel the horizon-
tal axis is the probability of the bad state ¢ and the vertical axis is the speed or scale of
early withdrawals #. Panels move left to right with higher ¢, i.e., a greater weight on
public good provision.
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Figure 9: ®8V vs, pNC
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In Figure 9, the blue area (fragility under BN) covers most of the (6, ¢) space, while
the maroon area (fragility under NC) shows up mainly as a small wedge at low ¢ and
high 6. In general, runs start sooner under BN: the blue frontier sits well below the
maroon one, meaning a smaller ¢ is enough to trigger fragility when bailouts are in
place and there is no CBDC. The logic is direct. Bailouts sustain generous first-period
payouts ¢;; without a CBDC outside option, banks provide more of the insurance within
deposits, raising maturity mismatch and inviting early withdrawals. The maroon NC'
wedge is the exception that proves the rule: when crises are very unlikely, a safe CBDC
tempts some patient depositors into the first period even without bailouts. As ¢ in-
creases across panels, the blue BN region expands—larger state-contingent support
makes big ¢, easier to maintain—while the maroon NC wedge retreats slightly toward
the upper left as self-insurance combined with CBDC keeps maturity mismatch con-
tained.

&V (no CBDC) vs & (CBDC)

§=1e—06 5 =0.001 §=001
T 0.6 T

0

L L L L L 0 L
0.05 0.1 0.15 0.2 025 0.05 0.1 0.15 0.2 0.25 0.05 0.1 0.15 0.2 025
q

q q q

Figure 10: ®VV vs, ®B¢

Figure 10 flips the policy mix. Here the green BC region occupies most of the do-
main once ¢ is moderate, whereas the orange N N region is confined to the low-¢, high-6
corner. When bailouts are combined with CBDC, two forces stack up: fiscal support al-
lows high ¢; and CBDC offers a clean outside option; together they pull non-movers
into the early queue and broaden the fragile set. Under NV, intermediaries self-insure
and, with no CBDC, depositors lack an easy outside asset; runs are therefore harder to
trigger except in that narrow low-g/high-6 region. As ¢ rises, the green BC' set expands
further, the orange NN region shrinks, and the crossing point between their frontiers
shifts right and down.

Taken together, the two figures deliver a consistent message. With bailouts in place,
fragility expands as the crisis probability ¢ rises, and the trade-off between ¢ and ¢ is
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inverse: higher ¢ lowers the 6 needed to spark a run because generous early payouts
become more attractive. A higher ¢ amplifies this by enlarging the fiscal capacity be-
hind bailouts. CBDC adds a cushion by letting banks promise less first-period liquidity
(the insurance-substitution channel). However, at very low ¢ it can open a small region
where runs to CBDC appear. These forces imply that the ranking of fragility depends
on ¢: at low ¢, the run-to-CBDC wedge can bring no-bailout configurations close to
fragility in the high-0 corner, while at higher ¢ the bailout frontiers dominate and the
No Bailout + CBDC arrangement remains the most resilient over a wide range of pa-

rameters.

Proposition 2. For a given 0, there exists a cutoff ¢ such that the ordering of fragility sets
switches at ¢ = q. For low crisis probability (¢ < §),

NN NC BN BC
o > ¢ > ¢ > O7Y,

so fragility is largest under No Bailout + No CBDC and smallest under Bailout + CBDC.
For high crisis probability (¢ > q),

@BN > (I)BC > q)NN > (I)NC
so fragility is largest under Bailout + No CBDC and smallest under No Bailout + CBDC.

The fragility results also carry over to the fiscal side. When runs become more
likely—either because bailouts support high ¢; or because CBDC encourages non-movers
to exit early—the government ends up needing more resources in the bad state. Un-
der bailouts, this appears as direct transfers to the financial sector, whereas under no
bailouts, the link is through the amount of insurance banks must build into deposits
and the size of early payouts. In both cases, the government’s budget constraint ties
these choices to the tax rate 7 and to what remains for the public good g. This makes it
natural to turn next to the behavior of taxes: how they differ across regimes, how they
move with ¢, and how CBDC and bailouts shape the patterns we see.

6 Taxes Across Policy Regimes

This section looks at how the equilibrium tax rate 7™ varies across policy regimes and
how those differences move with the probability of the bad state ¢q. The basic forces
are familiar. Bailouts require fiscal resources ex ante (they must be credibly financed)
and ex post (when the bad state hits), which pushes up 7. A CBDC changes how much
liquidity insurance banks need to provide and therefore affects maturity mismatch and
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the size of early payouts; that channel also shows up in taxes through the resources the
government must raise.

Proposition 3. For a given value of , taxes are highest under a bailout with CBDC and
lowest under no bailouts without CBDC. The ranking is

BC BN NC

B¢ > BN 5 7NC 5 2NN forall ¢ > 0.

Figures 11 and 12 plot tax differentials between pairs of regimes. The first compares
bailouts with CBDC to no bailouts with CBDC, 72¢ —7¥¢, The second compares bailouts
without CBDC to no bailouts without CBDC, 78V — 7NV,

Bailouts vs. no bailouts with CBDC (BC vs. NC). Figure 11 shows that 78¢ — 7N¢
is always positive, consistent with Proposition 3, but it is not monotone in ¢q. The gap
declines at low ¢, then turns up; there is a noticeable kink around an intermediate value
of ¢q. The mechanism follows the competing effects of CBDC. With a CBDC in place, de-
positors have a safe outside option. Under NC, intermediaries rely less on large early
payouts and choose a smaller ¢;, keeping 7V¢ low. Under BC, expected bailout needs
are financed through taxes, so 72¢ embeds the state-contingent fiscal cost of support.

For very small ¢, expected bailout outlays under BC' are limited, and the main differ-
ence comes from how CBDC lets banks under NC substitute away from insurance—r V¢
is especially low, so the gap starts out relatively high and then narrows. Once ¢ passes a
threshold ¢, expected bailout needs under BC rise quickly with ¢, while NC' continues
to restrain maturity mismatch; the differential then widens. The kink reflects a change
in equilibrium constraints (entry into a fragile region for one regime), which shifts how

strongly these forces load into 7.

Bailouts vs. no bailouts without CBDC (BN vs. NN). Figure 12 is more linear.
Without CBDC, there is no extra outside option pulling non-movers into the first pe-
riod, so bank behavior varies more smoothly with ¢. The difference 72 — V¥ rises
steadily with ¢q. Under BN, taxes must cover expected bailout payments, which scale
with the probability of the bad state and the associated shortfall. Under NN there are
no bailout transfers to fund, so 7" mainly reflects public-good financing and standard
distortions. As ¢ increases, expected fiscal needs under BN rise one-for-one, and the
gap widens accordingly.

What happens to the provision of public goods that depend on the amount of taxes
raised under each regime? Because the government budget constraint links taxes to
spending on the public good ¢ and to any state-contingent support to banks, higher 7
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tends to crowd resources away from private consumption and/or compress g unless off-
set elsewhere. In the CBDC cases, the insurance-substitution channel (smaller ¢; under
NC) reduces the need to raise taxes for financial support, helping preserve resources
for g and second-period private consumption. In contrast, bailout regimes—especially
BC—Iload more of the adjustment onto 7 as g rises, which puts pressure on these same
components of the allocation.

Difference in tax rate under Bailout with CBDC and No Bailout with CBDC (5 = 0.001)
.003

.00295

.0029

Difference

.00285

.0028

0.000 0.100 0.200 0.300

Figure 11: Tax differential with CBDC: 75¢ — 7€,

Difference in tax rate under Bailout w/o CBDC and No Bailout w/o CBDC (5 = 0.001)
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Figure 12: Tax differential without CBDC: 758V — 7NN,
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7 Welfare

Welfare in the model is defined as the equal-weighted average of investors’ expected
utilities under a given policy regime m:

W = / E[U( (), (i), g™ ™) di,

where m € {NN, NC, BC, BN}.

For each regime, we use the same parameter values that generate the equilibrium al-
locations. The comparison across regimes is carried out by first ruling out those that are
fragile relative to the others. If both regimes are fragile, welfare is compared directly
across the two run equilibria—WW7 versus W™. Depending on the parameterization,
one can dominate the other.

Different instruments work through competing forces. Bailouts encourage interme-
diaries to push too much consumption toward the first 6 investors who withdraw, while
the presence of a CBDC—depending on its relative return—can induce non-movers to
also withdraw in the first period. On the other hand, removing bailouts corrects this
distortion, but at the cost of reducing risk-sharing between public and private con-
sumption, which again creates incentives for premature withdrawals. CBDC reduces
the extent of insurance provision required from intermediaries and lowers measured

illiquidity, but it can simultaneously raise fragility by increasing the incentive to run.

We first look at bailouts versus no-bailouts in a world without CBDC, and then repeat
the comparison in a CBDC setting.

Proposition 4. For any q > 0 and for economies in the fragile region, welfare is always
higher under a no-bailout policy, both with and without CBDC:

WAV > WBN g >0,

WNC > WwBC g > 0.

Figure 13 shows the difference in welfare between a no-bailout/no-CBDC regime
(NN) and a bailout/no-CBDC regime (BN). The gap widens as the probability of the
bad state ¢ increases. The mechanism is straightforward: with no bailouts, interme-
diaries take on less maturity mismatch, and this effect more than offsets the incentive
distortion faced by non-movers and the distortion introduced by bailouts. In short,
without CBDC, no-bailouts dominate bailouts, and the advantage grows as the proba-
bility of a bad state rises.
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Figure 13: Welfare under a no CBDC regime

A similar pattern appears under a CBDC regime, but with some differences. Figure
14 plots the welfare gap between no-bailouts (NC) and bailouts (BC). The gap is
always positive, but now the relationship with ¢ is U-shaped. At low values of ¢, the
advantage of no-bailouts is small, since the joint effect of CBDC and no-bailouts induces
non-movers to withdraw early, increasing fragility. Once ¢ exceeds a threshold g, the
picture reverses: less maturity mismatch by intermediaries dominates, more resources
remain for the second period, and welfare rises more quickly under no-bailouts than

bailouts.
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Figure 14: Welfare under a CBDC regime

The other cases are reported in Appendix C. Comparing bailout regimes (BC' vs.
BN) or no-bailout regimes (NC' vs. NN) shows that introducing a CBDC improves
welfare relative to no-CBDC, though the gain falls as ¢ increases. The downward-
sloping curves point to the incentive distortion from CBDC: as the probability of the

bad state rises, more non-movers withdraw early, reducing welfare.
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Taken together, two conclusions stand out. First, no bailouts raise welfare regardless
of whether CBDC is present. The correction of incentives dominates, leaving more re-
sources for second-period consumption and public goods, and therefore higher welfare
overall. Second, the combination of no-bailouts and CBDC delivers the highest welfare
relative to the extreme cases, although the gains are nonlinear in ¢. In fact, the welfare
advantage of combining no-bailouts with CBDC becomes stronger as the probability of
a bad state rises.

8 Discussion

The results point to a clear organizing principle: the interaction between CBDC and
bailout policy determines whether the system tilts toward maturity mismatch and runs,
or toward self-insurance and stability. Three findings are central. First, on illiquidity
(Proposition 1), the ordering o?V > 08¢ > oV > oV shows that bailouts push banks
toward higher early payouts ¢; and larger short-term liabilities, and that CBDC—when
paired with no bailouts—allows banks to scale back ¢; the most. Second, on fragility,
the maps of ®™ show that bailouts expand the run set as ¢ rises, while CBDC reshapes
incentives in two ways: it substitutes for deposit insurance (stabilizing, because ¢, falls)
but also opens a margin to run into CBDC at very low ¢. The net effect is non-linear
in ¢ and depends on 9, with a clean threshold pattern summarized in Proposition 2.
Third, on taxes, the ranking 75¢ > 7BV > 7N¢ . 7NN links these private choices to
fiscal pressure: expected transfers under bailouts and larger ¢; show up in higher 7,
whereas CBDC under no bailouts keeps both maturity mismatch and the tax burden

comparatively low.

Taken together, these arguments support the policy combination that our figures
emphasize: No Bailout + CBDC emerges as the most resilient configuration over a wide
part of the parameter space. In the fragility diagrams, ®VC is smallest once ¢ is moder-
ate or high; in the tax plots, 7V¢ stays below its bailout counterparts; and in the welfare
comparisons, W™ > W5 within the fragile region, with the gap widening again as
g grows. The mechanism is the same in each domain. Removing bailouts eliminates
the incentive to promise excessive early liquidity, and the presence of CBDC lets banks
rely less on deposit-based insurance, lowering ¢; without making the system illiquid.
Resources saved in period O carry forward into higher second—period consumption and
public—good provision g, while the fiscal authority faces smaller state-contingent needs.

At the same time, the model is explicit about the drawback that comes with CBDC.
When the bad state is unlikely, the CBDC return can attract patient depositors into the
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first period, creating the narrow low—q wedge where ®V¢ expands and the tax gap
B¢ — 7NC briefly narrows. This is the same force behind the kink in Figure 11 and the
non-monotonic ®V¢ boundary. The policy implication is straightforward: p¢ should
not dominate the standard outside option p" at low ¢. Tiered remuneration or quantity
frictions on CBDC balances are natural design tools to mute the run—to—-CBDC margin

without undoing the insurance—substitution benefit.

Comparisons within a fixed bailout stance sharpen the message. With bailouts,
adding CBDC does not guarantee more stability: the green regions in Figure 10 ex-
pand quickly as ¢ rises because bailout support and an easy outside option together
pull non-movers into the queue. Without bailouts, by contrast, adding CBDC is mostly
stabilizing: the pink regions in Figure 8 sit above the orange ones for most (9, ¢), reflect-
ing smaller ¢; and less maturity mismatch. This asymmetry explains why the cross—pair
comparison (BN vs NC) is so stark in Figure 9: the blue area dominates except for
the tiny low—¢ wedge where run—-to—CBDC appears, and that wedge shrinks as § or ¢
increase.

The fiscal patterns line up one—for-one with the run maps. As ¢ increases, bailout
regimes load more adjustment onto taxes to finance expected support, which is why
BN — 7NN rises roughly linearly with ¢q. With CBDC in place, the early-payout sched-
ule under NC is flatter precisely because insurance is partly offloaded to the public
option; that is why 72¢ — 7V¢ dips at low ¢, kinks, and then climbs—once bad states
are sufficiently likely, bailout promises dominate again. Because g shares the same
budget, these differences in 7 also translate into concrete trade—offs for public—good

provision and private consumption across regimes.

Welfare results follow the same ordering within the fragile region. When CBDC is
absent, WYY > W5BN because removing bailouts curbs maturity mismatch and the gain
grows with ¢. With CBDC, W% > WEC for all ¢ > 0, but the gap is U-shaped: small
at low ¢ when run-to—-CBDC trims the advantage, and increasing once ¢ passes the in-
ternal threshold ¢ as the insurance—substitution channel dominates. This mirrors the
movement of the ®V¢ boundary and the tax differentials, and it underlines why the No

Bailout + CBDC mix is the natural benchmark in our environment.

Two practical implications follow. First, credibility of the no-bailout commitment
is central. The improvements we document—smaller ¢™, a smaller ®V¢, lower 7, and
higher 1W—all rely on banks internalizing the absence of transfers in bad states. Sec-
ond, CBDC design should target the margin that matters in our model: keep p¢ below
p~ in normal times to avoid the low—q run wedge, while allowing CBDC to substitute
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for deposit insurance when stress rises. Either tiered remuneration, ceilings on remu-
nerated balances, or state—contingent adjustments to p© would be consistent with that
objective.

Across episodes in which the perceived probability of crisis rises, the model yields
clear empirical implications. Under bailout regimes, one should observe a steeper in-
crease in tax pressure and an earlier shift of non-movers into the withdrawal queue. By
contrast, in systems with a credible no-bailout commitment and a well-designed CBDC,
early-payout schedules should be flatter, maturity mismatch lower, and expected taxes
more stable. While the framework abstracts from monetary-policy feedbacks, the two
central margins—insurance substitution versus run-to-CBDC, and the fiscal footprint of
bailouts—offer a disciplined way to interpret policy choices in environments consider-
ing digital public money:.

Work in progress. The next part of the paper will capture issues that go beyond the
current setup. One direction is to examine different design choices for CBDC—such
as limits on holdings or alternative remuneration rules—that may reduce the incentive
for depositors to shift funds into CBDC during good times, while still maintaining its
stabilizing role when the probability of a crisis is higher. Another direction introduces
differences across intermediaries, for example, by allowing banks of different sizes or
balance sheet structures. This will help us see whether the advantage of combining no
bailouts with CBDC continues to hold once some institutions are viewed as “too big to
fail” and bailout expectations are unevenly spread across the system.

A third avenue will study the role of credibility and political constraints by embed-
ding limited commitment into the no-bailout promise. This will allow us to quantify
how deviations from full credibility shift fragility regions ®™, equilibrium taxes 7, and
welfare WW. Finally, we are also extending the framework to connect more directly with
macro-financial policy. In particular, we examine how the model interacts with stan-
dard monetary policy tools, such as interest rate rules, and with prudential regulations,
including the Liquidity Coverage Ratio, which requires banks to hold liquid assets suffi-
cient to withstand short-term funding pressures. This will map the theoretical insights
about ¢; and maturity mismatch into implementable tools for policymakers.
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9 Conclusion

Our analysis shows that the stability impact of CBDC depends critically on the policy
regime in which it is introduced. Bailouts, by sustaining large early payouts, expand
the range of run-prone economies; when paired with a CBDC, this tendency intensifies
because depositors face both generous first-period liquidity and a safe outside option.
By contrast, a credible no-bailout commitment changes the calculus. Banks hold back
on short-term liabilities, maturity mismatch declines, and—when a CBDC is available
as an alternative store of value—fragility is sharply reduced. Across a wide range of
parameters, the combination of CBDC and no bailouts delivers the most favorable out-
comes in terms of financial stability, fiscal costs, and welfare. Our welfare analysis
shows that commiting credibly to a no-bailout policy can actually provide higher wel-
fare as compared to the scenario of introducing a CBDC when the possibility of a crisis
is high enough.

CBDCs cannot be assessed in isolation from the broader framework of crisis manage-
ment. Recent episodes of rapid deposit withdrawals—accelerated by digital banking,
social networks, and real-time transfers—show how fragile funding can become even
without a CBDC in place. The introduction of a retail CBDC would intensify these
pressures unless it were accompanied by a credible commitment to limit bailouts. Our
results indicate that pairing CBDC with such a commitment, alongside design features
that reduce incentives for runs at very low crisis probabilities, allows the stabilizing
insurance-substitution role of CBDC to dominate while containing the run-to-CBDC
risk. This combination strengthens financial resilience and reduces the fiscal burden
associated with bailouts, ultimately supporting a more stable and efficient system.

Looking forward, the expansion of digital money—whether through CBDCs, stable-
coins, or fast-payment systems—will only make the question more pressing. As safe,
liquid outside options become more widely available, the credibility of no-bailout poli-
cies grows in importance rather than receding. Policymakers weighing CBDC adoption
should therefore view it as part of a broader financial-stability architecture: one that
emphasizes ex-ante discipline, minimizes reliance on fiscal transfers, and strengthens
the resilience of intermediaries in the face of sudden shocks.
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A Model Solution

A.1 Solution for the case of Bailout and No CBDC.
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With no CBDC intermediary j will choose ¢/ to solve ,
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A.2 Solution for the case of Bailout and CBDC.
, p“ . p . .
V(W57 = max (1-0) [W U u(pici,) + /Cu (pic{s)} Fpi) + (1= #to)u (C‘%s)] :
c157025 B P

subject to feasibility constraint,

(1-0) |+ (- 7) % | =




The Lagrangian for the problem is

ﬁxcﬁf“(Of“—gXpCV‘“ (p— ") )+(1-w9(@jﬂa>

pp  2op-p) (-0

+ 11 (‘1’1 —(1-9) (WC{ +(1 - M%) )
that gives the following first-order condition,
()77 A = R(c},) ™7 = ul, (A7)

where,

by = : . (A8)

A\ 7
4= (%) : - (49)
R (1-16) <7Ts (%)o +(1_R7T)>
Bailout Policy:
b = b—i—@[c{ —¢1;

U =1-71—06c +0b.
With CBDC intermediary j will choose ¢ to solve ,

C

Upp u(mc{)+/pju(picﬂl‘)}ﬂpi)

max 0

_ + (1= )V (Wl 7a) + qV (W 7g),
()

subject to
W =1—171—0c,
U =1-71—06c +0b.

L= [9(4)“’ ((p(’ —D0)" (- ;C)’“

1—0

)—i—(l —q)V (V¥ 7,) + qV(\If%; 7g),
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Taking the FOC of the problem we have,

j—f{ — () TA=(1— .
(&) = (1 - g)(ca),
C{Ot

(1 —q)t/o

The optimal value of ¢/, is given by and using value of 7,

- (3

PR <é)i 1—7—0c]
Y (1-g7 \R (m—0) (A)7 + &

¢ =

Q=

1—7—6d ]
(=0) (7)" + "5

R R
. 1—
a= ( )1 (7; )
(r-0)(#) + 05
==+
(i)
Optimal Tax rate: 7 = g, where,
’ q dey
= flo + —0Opusg—.
V(1) = p S

A.3 Solution for the case of No Bailout and No CBDC.

Similar to previous case with no CBDC, assuming uniform distribution,

~ 1—0o le's l—0o ) C;S 1—0
L= (1-6) [77 <(p<2 f)g)(l(_i) >+(1—w5)%

W —(1-0)

s

]

ﬁ—scis + (1 - frs)%] ]

F.O.C with respect to ¢;, and ¢, and the optimal solution to ¢;, and ¢, is given by (A1),
(A2), (A3) and (A4),

No bailout: b = 0.

With no CBDC intermediary j will choose ¢ to solve ,

p . ‘ .
max 0 [/ u (pict) Fpi) + (1= )V (¥ 7ta) + gV (0 75)
{c1} p



F.O.C is given by, ,
(p—p) ()
(2-0)

= (1 - q)ta +qus (A10)

Combining (A1), (A2) and (A10),

() "=0-q(ds) "+al(ds) .
Using (A3) and (A4),

(FTT:(M)U:U_Q) [(W—9)+(1;iﬂ') (5(_2&7)10)0); o
(1-m)(1—0) (R(Q_U));r;

+

QI(7)<1_9)+ R (p_B)l—U
le» _ . 1—7 —
[(1 —q) [(7? —0)+ 952 (H52:)7 | +a| (M- 0) + S (FEE T g
(A11)
We know optimal tax rate is given by,
V(1) = (),
=[] () (A12)
Combining (A11) and (A12),
i . -m(R2-0)\|
d=[|0-0|m-0+ B2 (FESD)| +
190 1 —1
o, A=mA-0) (R2-0) \"| |’ 1o
q[(ﬂ)(l 0) + I ((p—g)l") +0+9 (A13)
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A.4 Solution for the case of No Bailout and CBDC.

Similar to previous case of CBDC, assuming uniform distribution, Lagrangian is given
by,

o a[FE) T (0 =) ()T (p— ) (1—7) ()
L=a 9)[ ( ) 2 o) >)+ 1-o0) }

+ 4 <\D?s —(1-90) (ﬁsc{s + (1= ﬁS)%> >v

FOCs and the optimal value of c{s and cgs is given by (A7), (A8) and (A9).
No bailout: v = 0.

With no CBDC intermediary j will choose ¢/ to solve ,

r?a?: 0 “/ppcu (pic]) + /pZu (Pici)} F(p;)

subject to

+ (1= V(Ui ) +qV (Wi tg),

\Ifizl—T—é’c{,
\I//%Zl—T—QC{.

The Lagrangian is given by,

FOC with respect to ¢ will give us

AY(d]) = (1 = @)pa + quip (A14)

(%) :(1_q)[(w_9)+w<§>a
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1 —7)(1— =1
q[(ﬂ)(l o)+ ”2( o) (g) +
C’{ _ . 1—71 —
[<1 —q) [W—@) + 02 (E) | ta| M -0+ EEER ()] | +o
(A15)
We know optimal tax rate is given by,
V(1) = (),
™= (0] (c]); (A16)
[(1 —q) [(w )+ Lm0 (B)y7 | gl (ry(1 — @) 4 G020 (1) + 0+ 51/

A.5 Proof of Proposition 1

In this section, we will prove the rankings obtained under the Proposition 1. In order to
do so, we will proceed in parts, taking different cases and finding the rankings between
them, and then combining them to get the final rankings.

First, we will compare between ®V" and ®5V. We will show that ¥V < &5V holds
forall ¢ > 0

Proof. To prove it, note that given the multipliers ;)" and pj" are always strictly

«

positive, thus we can write

pp ™
O—QV+%WN>(1—®

«

which we can write as

O—qM5N+w$N>(1—@¢?
N pg™N

Using the FOC in Equation 3, and in Equation (A10) we can write

=)' 7w Y)  (=p) T ()
=) =)
Ru'(chY) Ru'(c5Y)



u'(e™) (e
u(ese") ez’

applying homotheticity of preferences, we can write the above inequality as

NN BN

1 1

NN < BN (A17)
2 2a

Now, using the definitions of the resource constraints in the two states, given in Equa-
tions (9) and (10), together with the government spending in the two states given by
Equations (11) and (12) along with the fact that for the given CRRA utility we have

1
; R(2—0) \°
d, = (—( >) d,
(p—p)
the resource constraint can be written for any state as
o—1

a5 l-0o -
fci + | (1—0) fraR( d N%) +1— 7, %lnLga:l (A18)

Using the definition of ® and the fact that g, = 7, we have

c—1
=~ -0
¢—1:—1_ga=1+(1;0> fraR< g >(%)+1fr 1<CQ—“) (A19)

(961

which along with Equation (A17) implies
@NN < @BN

]

Next, we take the cases under the CBDC regime and compare ®V¢ and ®2¢. We
will proceed similarly as in the proof for the previous case, using Equations A7 and A14
together with the homotheticity of preferences and the resource constraint.We assert
that ®V¢ < &V holds for all ¢ > 0. In order to show this, we will use a contradiction.

Proof.
NC
(I)NC o 901
-1 — 7N
where,
7_NC’ _ 51/UC]1VC.
NN
NN _ fcy
1 — 7NN
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where,
7NN — 1/ NN
AN < or > N%mplies

OVN < or > PNC

NN 1

S = o s
1 1 o
[(1 —q) [(w —0) + U (B2 )7 | g (m)(1— 0) + R0 (A2 ) ] + 04610
1
C{VC - o2 o 1
1 ) (1— 1 ?
(1-q) [(w — )+ LD (Byo | gl (m)(1 — 0) + Lm0 (Byz +0+ 610
C_ C\l—0o _ .
where, A = <(p %)Epp r + ((5—_56832_ p)>. We have to check whether
279 o<
or
(p—p)ite A
Suppose that —2=9— < 1
(p B)l ((pC—p)(pC)1‘7+(ppC)20)
= 2=0)(5—p)
((pc —DW)T L (=) ) (p-p"7
-0 Te-ap-p) 2-0
)1 S ey 8 i W Ut
1 (2—0) 2—0
pos‘izive
(=) < (p—p*°,

= p<p°.
This is indeed true by our assumption, which means that

N >

NN > N,
as required. O

Next, we have to show that ##¢ > or < &V holds.

Proof. To prove it, note that given the multipliers ;)" and pj" are always strictly

«

positive, thus we can write

NNN
(1—q)+quﬁm>(1—@

«
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which we can write as

(1= q)ud™ + qui™ (1= q)pBC

NN B
I pBc

Using (19), (26) and F.O.C
u' () ' (ef9)

w(ely) — w(efy)

N (PO
NN < “po
NN B
Cla Ao
BC NN
Cla Cla
BC NN

51 51

Now, using the definitions of the resource constraints in the two states, given in equa-
tions (9) and (10), together with the government spending in the two states given by
equations (11) and (12) along with the fact that for the given CRRA utility we have

CNN:(R@—a))i W

200 (p . £>1_J la

1
BC _ R\~ BC
2c A la

1

1
where as proved above, < gfi;ﬂ,) " < (£)- the resource constraint can be written for

any state as

1. i NGRS Cla_
. . , - - fiL—o) = la
gy — 1+ [(1=9) (W“ T ((ﬁ—£>“’) (R)> b
Similarly, for BC,
4 1l—g 7 i RY? (1 _CBC
ol Jo_4 1 - 1 A R noek
5aC + [ ( 0) (ﬂ'a + ( o) (A) (R)> cPC”

Based on the figures we determine the final rankings.
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B Taxes

Difference

Difference

Difference in tax rate under Bailout with CBDC and Bailout w/o CBDC (5 = 0.001)
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Figure Al: 75¢ vs 7BY
Difference in tax rate under Bailout with CBDC and No Bailout w/o CBDC (6 = 0.001)
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Figure A2: 75¢ vs 1
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Difference

Difference

Difference in tax rate under No Bailout with CBDC and Bailout w/o CBDC (6 = 0.001)
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Figure A3: V€ vs 7BV

Difference in tax rate under No Bailout with CBDC and No Bailout w/o CBDC (3 = 0.001)
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Figure A4: 7NC ys 7NN
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C Welfare

W_BC-W_BN
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Figure A5: Welfare under Bailout policy
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Figure A6: Welfare under No-Bailouts policy
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Figure A7: Welfare under W™¢ and W5Y
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W_BC-W_NN
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Figure A8: Welfare under W3¢ and W&
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