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What Difference Does Central Bank Digital Currency
Make? Insights from an Agent-based Model

28.04.2025
Simon Hess!

Abstract

This paper studies the effects of introducing a Central Bank Digital Currency (CBDC) on
economic output, bank intermediation and financial stability in a closed economy using an Agent-
based Stock Flow Consistent (AB-SFC) Model. Thereby a digital bank run is simulated across
various economic environments with different monetary policy and bank bankruptcy regimes.
According to the model, non-remunerated CBDC issued in a positive-interest environment with a
corridor system may increase GDP through increased seigniorage income and government
spending. Also bank funding becomes more expensive since bank deposit stickiness is prevented.
Non-remunerated CBDC issued in a zero-interest environment has no impact since there is no
distributional effect of the interest payments. In a floor-system where the interest rate on CBDC
matches the policy rate, CBDC also counteracts deposit stickiness and redistributes bank profits
from shareholders to depositors. Thereby CBDC improves the transmission of the policy rate to
households and firms. The bank bankruptcy regime also affects the outcome. While CBDC makes
no difference in a bailout regime it does in a bail-in regime where it decreases inequality and
distributes bank rescue costs evenly among households and firms, potentially enhancing financial
stability. Introducing CBDC within a deposit insurance system postpones bank rescue payments,
which creates an additional dynamic in GDP.

JEL Codes: E42, E58, G21, G23, G28

Keywords: central bank digital currency, agent-based model, bank run, bailout, bail-in, financial
stability

1 Introduction

Nowadays, bank deposits are the preferred type of money worldwide. Its global share in the broad
money supply has considerably increased from 50 percent in the 1960s to around 90 percent in
2020 (World Bank, 2025a, 2025b). Nevertheless, bank deposits come with inherent issues for their
owners, for which no fully satisfactory solutions have yet been found. One such issue is credit risk.
Banks create loans and deposits simultaneously, implying that deposits are inherently exposed to
risk. If a bank’s loans default, the resulting losses must be covered by the bank’s net wealth. If this

is insufficient, the losses are borne by the bank’s creditors, including depositors. To prevent

! The author is PhD candidate at the University of Rostock. simonhess@hotmail.de
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potential losses for depositors and to safeguard financial stability, most countries have a deposit
insurance system that covers deposits up to a specific limit. However, depositors with balances
exceeding this limit are not protected, which can be problematic. During the most recent banking
crisis in the U.S. in 2023, three banks—First Republic Bank, Silicon Valley Bank, and Signature
Bank—became insolvent due to poor risk management, leading to potential losses for their
depositors, including many corporations with uninsured amounts. Government agencies
intervened at the last minute, extending the deposit insurance scheme to cover all deposits at the
affected banks, ultimately calming the markets (Federal Reserve, 2023). However, the moral
hazard associated with deposit insurance remains an ongoing concern (Keeley, 1990). Another
issue for depositors is inadequate remuneration. Deposit interest rates tend to be asymmetrically
sticky—while banks typically pass central bank policy rate cuts to depositors immediately, hikes
are often delayed. As a result, depositors receive interest payments below the risk-free rate. After
policy rates increased in 2020, many banks hesitated to pass on these higher rates to depositors.
Historical trends also suggest that deposits have tended to be sticky (Driscoll and Judson, 2013).
A third issue is efficiency. Transferring deposits requires balance sheet operations involving three
parties: the payer’s bank, the payee’s bank, and the central bank. The overall costs of bank deposit
payment systems are estimated to amount to around one percent of GDP (Norges Bank, 2022). By
contrast, reserve payments between banks—requiring only a single balance sheet operation at the

central bank—incur only a fraction of this cost (Niepelt, 2024).

In recent years, a potential solution to all those problems, central bank money for everyone—
Central Bank Digital Currency (CBDC)—has gained traction. After Facebook announced its plans
for a global private stablecoin called Libra in 2019, all major central banks around the world
committed to researching CBDCs. Global stablecoins are considered as a threat to the monetary
sovereignty of central banks and could negatively impact financial stability due to potential runs
in and out of the private currency (FSB, 2022). CBDCs are discussed as one measure to counter
these threats. In addition to financial stability, other motivations driving CBDC research include
monetary policy implementation, financial inclusion, payment efficiency, and payment safety

(Torio et al., 2024).
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Figure 1: Comparison between CBDC and Bank Deposits with Instant Payments. Source:

Mancini-Griffoli et al. (2018) with adjustments by the author.?

CBDC, as a medium of payment, is unique in that it shares properties with both today’s bank
deposits with instant payments and cash. Figure 1 shows a comparison between CBDC and bank
deposits with instant payments. It has some fixed features: high acceptance and no settlement risk,
like bank deposits, and no default risk, like cash (the default risk of bank deposits also depends on
the bank's bankruptcy process, as discussed in chapter 3.7). The transaction costs are even lower
than those of bank deposits, as payments are conducted internally within the central bank's ledger.
Since CBDC is only a medium of payment, no additional services are available. The optional
features can match those of deposits or cash, depending on their implementation. These features
include security, anonymity cost, scalability, and interest returns. Interest return could be even

higher if sticky deposits are present.

Some countries have already implemented limited versions of CBDC, such as the Bahamas, with
holding limits and no remuneration. Almost all central banks have no plans to issue a CBDC
without holding limits and remuneration (Iorio et al., 2024). This is because significant risks are
associated with CBDC for banks and financial stability. The first risk is “disintermediation”: if
bank deposits shift toward CBDC, banks will have fewer resources to finance loans. However, this

risk would only materialize if banks were unable to rely on alternative sources of funding, such as

2 In comparison to the original figure transaction costs of bank deposits are considered as higher than CBDC due to
the involvement of multiple banks. The returns of CBDC are considered as higher than bank deposits due to stickiness
of the latter.
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central bank credit or term deposits. Authors like Bindseil (2020) and Mancini-Griffoli et al.
(2018) argue that other funding sources would be more costly than deposits, forcing banks to
increase their deposit rates, which, in turn, would decrease credit demand. The second major
concern is the risk of a “digital” bank run (BIS, 2018; Kumhof and Noone, 2018). The introduction
of CBDCs could facilitate bank runs during times of economic distress, as CBDCs are easier and
less costly to withdraw than cash. Such runs are believed to have significant negative effects on

banks' liquidity and overall financial stability.

The macroeconomic effects of a CBDC have been studied in multiple publications, without
reaching a clear conclusion. Some argue that it may have positive effects (Andolfatto, 2018;
Barrdear and Kumhof, 2016), while others suggest it may have no effect under certain
circumstances (Brunnermeier and Niepelt, 2019). Still, others argue that there is a trade-off
between positive and negative effects (Agur et al., 2022; Burlon et al., 2024; Keister and Sanches,
2022). However, all of these studies are based on different assumptions, some of which are
questionable. For example, some studies rely on the loanable funds model, which lacks empirical
support. Furthermore, the design of the CBDC—such as the issuance method and remuneration—
varies across these studies. The context in which the CBDC is issued, including factors like the

bank bankruptcy regime, monetary policy regime, and the market power of banks, also differs.

This paper assesses current literature on the macroeconomic effects of CBDC and develops a more
realistic model which includes more realistic and more likely scenarios. Thereby, the research
questions should be addressed: What economic effect does CBDC have in different monetary
policy regimes and different bank bankruptcy regimes? Monetary policy regimes that are
considered in this paper are a corridor-system, zero interest environment and floor system while
related bankruptcy regimes are bail-out, bail-in and deposit insurance. The research focuses on
economic output, bank lending and financial stability. To answer these research questions, an
Agent-based Stock-Flow Consistent (SFC) model is applied, which offers multiple benefits over
traditional DSGE approaches. These benefits include the heterogeneity of agents and the use of
rules and heuristics to model agents’ behavior instead of the optimization typically employed in
traditional models. Additionally, stock-flow consistency allows for realistic modeling of monetary
stocks, which helps study the implications of CBDC on agents' balance sheets. This research relies
on the JMAB 2.0 model by (Hess, 2025), which incorporates endogenous money creation. This

paper adapts the model and applies it to different scenarios. The scenarios differ in terms of the
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monetary policy regime and the bank bankruptcy regime in place. In all scenarios there is a
baseline run where households and firms prefer to hold only deposits. To study the effects of
CBDC the economy is hit by a digital bank run where households and firms convert all their
deposits to CBDC so that banks become illiquid and need to replace their funding from deposits
to central bank loans. Furthermore, to investigate the effects of the different bank bankruptcy
regimes a second shock, a bank asset-value shock is simulated which addresses solvency and

makes one bank go bankrupt.

Within the scope of this paper, CBDC is defined as a central bank liability that is accessible to the
broad public, has no restrictions or limits, and is fully convertible into bank deposits. There are
multiple ways to implement CBDC, such as through direct, hybrid, and indirect models (Auer and
Bohme, 2020; Dyson and Hodgson, 2016; Kahn et al., 2018), but this research focuses on CBDC
as a direct central bank liability provided solely by the central bank, involving no third parties.
Furthermore, in this paper, CBDC is equated with reserves held by households and firms, as they
are identical from a bookkeeping perspective. Furthermore, this paper focuses on the economic

effects of CBDC while efficiency and privacy aspects are excluded.

This paper underlies limitations. There are no collateral requirements for central bank loans and
the central bank acts as lender of last resort by providing unlimited liquidity for banks. Moreover,
only the case in which all deposits from households and firms are converted to CBDC is
investigated. Thus, the demand for CBDC is exogenously given, and there is no dynamic
competition between CBDC and bank deposits. Additionally, CBDC is created through two
issuing methods, depending on the monetary policy regime that is in place: central bank loans to
banks and bond purchases by the central bank. Unlike Full Reserve Banking proposals, CBDC
designs do not intend to ban bank deposits.

The structure of this paper is as follows: Chapter two provides an overview of the current literature
on the possible economic effects of CBDC. Chapter three explains the model used, including
different agent behaviors. The various scenarios and model initialization are presented in chapter
four. The results are outlined in chapter five, followed by a discussion of the findings in chapter

six. Finally, chapter seven offers a conclusion.
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2 Related literature

Economic literature has repeatedly covered the macroeconomic effects of CBDC (See Bindseil
and Senner (2025) for an overview). Existing research can be broadly classified into four
categories: Trade-Off, equivalence, study under imperfect market conditions and study of limited

design.

Several studies highlight a trade-off between the benefits of CBDC and the negative effects
resulting from disintermediation. Most of these studies abstract from central bank funding. By
using a network-effect model Agur et al. (2022) find that while a shift from deposits to CBDC
reduces bank funding due to loans fully financed by deposits, it improves payment efficiency.
Keister and Sanches (2022) argue with a new monetarist model that CBDC enhances exchange
efficiency but raises bank funding costs, reducing loan returns and investment. Thereby assuming
the deposit rate directly affects loan returns and the loan grant decision. Burlon et al. (2024)
incorporate central bank funding in their model and show that a CBDC remunerated below the
return of central bank assets can boost GDP by increasing central bank profits and lowering taxes.
On the other hand, banks require more collateral and are forced to replace loans with government
bonds. This reduces banks’ profit margin and lending capacities out of regulatory equity which
reduces lending further and real GDP. Ahnert et al. (2023) analyze the impact of CBDC on
financial stability in terms of bank run probability and finding again a trade-off: depending on the
remuneration of CBDC it increases withdrawal incentives for bank depositors but at the same time
increasing the interest rate of bank deposits and thereby decreasing the incentive. Schilling et al.
(2024) present a trilemma, arguing that CBDC can only achieve two of three goals: efficiency,

financial stability, and price stability.

Other studies suggest an equivalence between bank deposits and CBDC under certain conditions,
implying minimal macroeconomic impact if these conditions hold. Thereby the central bank is
usually the lender of last resort and can provide unlimited amounts of liquidity to banks without
collateral requirements. Brunnermeier and Niepelt (2019) show in a generic model that public
money (CBDC) and private money (deposits) can be equivalent if there are contingent transfers
between households and the government. Ferndndez-Villaverde et al. (2021) use a Diamond-
Dybvig model to establish equivalence when maturity transformation is absent. Gross and Schiller

(2021) find with a DSGE model that unremunerated CBDC has little effect, while remunerated
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CBDC may impact deposit rates by removing the zero lower bound. Fraschini et al. (2024) show

that CBDC is neutral under standard monetary policy but not under quantitative easing.

Studies under imperfect market conditions assume frictions in the deposit or lending market and
make varying assumptions on central bank lending. Andolfatto (2018) suggests that CBDC
increases deposit rates and reduces monopoly profits of banks but does not reduce lending since
banks set loan rates independently of deposit rates. The increased deposit rate may increase lending
if the unbanked population shifts from cash to deposits. Niepelt (2024) finds that CBDC could
discipline banks more effectively than subsidies. Chiu et al. (2023) apply a general equilibrium
model and argue that interest-bearing CBDC increases lending by setting a lower bound for deposit
rates, forcing banks to compete. They assume that banks restrict their deposit supply to keep the

deposit interest rate artificially low.

Some research examines limited CBDC with a fixed CBDC supply, issued only against
government bonds or financed with it, avoiding the need for central bank liquidity support.
Barrdear and Kumhot'(2016) find that in a DSGE model such a design can lower real interest rates,
taxes, and transaction costs, boosting GDP. Assenmacher et al. (2023) show that interest-bearing

CBDC may smooth monetary policy responses to macroeconomic shocks.

Agent-based models also study CBDC with a focus on adoption. Ramadiah et al. (2021) and Leon
et al. (2024) analyze CBDC's impact on consumer wealth and payment behaviors but focus less
on broader economic implications. The model which comes closest to this research is the one by
Gross and Letizia (2023). They investigate the demand for CBDC for the US and the EU in an
agent-based stock-flow consistency model containing households, banks and one central bank.
Thereby also the implications for the stocks and flow of the banking system are shown such as

reduced bank profitability and increased seigniorage earnings for the central bank.

Overall, many economic papers share a common problem: the banking sector is often modeled
unrealistically using a loanable funds approach, where loans are created by lending deposits. In
Agur et al. (2022), banks make loans directly from deposits. Keister and Sanches (2022) and Chiu
et al. (2023) assume that deposit interest rates directly influence loan supply. These models neglect
the role of the policy rate in banks' interest-setting behavior and the central bank’s influence,
contrary to empirical evidence (Gregor et al., 2021). Moreover, many studies in the trade-off

category assume that bank deposits and CBDC carry the same default risk. As a result, these studies
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are inherently designed in a way that prevents CBDC from offering any potential benefits to risk-
averse deposit holders. Consequently, their findings are difficult to apply in the context of CBDC
introduced into the current banking system. Conversely, papers in the equivalence category, while
modeling a more realistic banking sector, often operate at such high levels of abstraction that they
cannot clearly determine whether CBDC is beneficial in specific scenarios. Furthermore, studies
of limited designs cannot show whether CBDC is any beneficial if those limitations do not apply.
The model developed in this paper distinguishes itself by implementing realistic endogenous
money creation with stock-flow consistency. It draws on assumptions from the equivalence
studies, including lender-of-last-resort guarantees and the absence of collateral requirements for
central bank lending. Additionally, it incorporates imperfect market conditions in the deposit
market, assuming limited competition with sticky deposits. The paper’s key contribution is its
detailed investigation of CBDC under different monetary policy and bank bankruptcy regimes—
an area not previously explored in this depth. Earlier studies have primarily focused on positive
interest corridor regimes and relied on bailout or deposit insurance mechanisms without explicitly
modeling them. In contrast, this paper examines multiple monetary policy regimes and explicitly
models various bank bankruptcy regimes under a situation of financial instability. Compared to
Gross and Letizia (2023), this study introduces a production sector, treats CBDC demand as

exogenous, and models bank lending rates as endogenous.
3  Model

I build on an agent-based stock-flow consistent model for a closed economy JMAB 2.0, which
was developed by Hess (2025) and is an update of the model by Caiani et al. (2016).> This model
uses agents with different behaviors to model a dynamic macro economy. Furthermore, the stocks
and flows of the agents are explicitly modeled to guarantee a stock-flow consistency, meaning that
every flow implies the change in one or more stocks, and every financial asset has a corresponding

liability. This section briefly summarizes the main aspects of the model.

The agents, their stocks, and financial flows between them are depicted in Figure 2. Overall, the
model economy embraces six different types of agents: households H, consumption firms C,

capital firms K, banks B, a government g and a central bank cb. Additionally, every agent may

3 The model developed in this paper is openly accessible under https://github.com/simonhess/cbdc
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own specific stocks. There are deposits, reserves (CBDC), governments bonds, capital goods and

consumption goods, loans, central bank loans (advances) and interbank loans.

The model processes forward in multiple periods with discrete timesteps t, ;7. Each period in the
model represents one quarter of a year. In each period agents perform their activities along a
predefined order. Agents follow certain strategies when performing activities and interact with

other agents on markets. After each period selected aggregated and micro-agent data is collected

in reports.
Households € YY28es and Government
~ Dole <
Wages Cons. Goods | Net Wealth Taxes - Net Wealth “ Gov. Bonds | i
Deposits A
Consumption
Reserves
A A
Profits
Dividend: Interest e Interest
ividends on Deposits I on Bonds
Firms Banks
Taxes
Cap. Goods Loans Loans Deposits
Cons. Goods Interest Gov.Bonds | Advances
———— |(Cons. Firms)| Net Wealth on Loans
_/ | Interest Reserves Net Wealth
Deposits N on Deposits 2
Reserves I
‘ Interest
’ ‘ on Advances I
l Consumption Firms‘ l Capital Firms ‘ Central Bank
‘_
Advances Reserves
Investment
Gov.Bonds | Net Wealth
Interest
on Reserves
Taxes
Consumption

Figure 2: JMAB 2.0 with Extensions
The agents interact in seven markets: consumption and capital goods markets, loan market, deposit
market, bond market, central bank advances market and the interbank market. Each market has its
own matching mechanism. All markets are buyer markets where the buyer chooses its supplier.
Each buyer is randomly chosen and randomly assigned a number of matching partners of suppliers

¢,. The buyer preselects the supplier with the cheapest price (consumption good, capital good,
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labor and loan) or highest price (deposits). If the preselected supplier offers a lower price than the

past supplier (or higher price for deposits) the buyer switches its supplier to the preselected one

with a fixed probability PS. If the past supplier is out of stock the buyers always switches. Buyers

are matched with seller as long as there is at least one active buyer and one supplier. In each period

events take place in the following order:

1.

10.
11.

12.
13.

Expectations, Production planning: All agents formulate their expectations. Firms plan
their desired production based on the expectations which creates the supply of consumption
goods.

External Shock: The economy is hit with shocks. In this paper a digital bank run and bank
asset value shock.

Labor demand, labor supply and labor market interaction: Firms determine their demand
for labor while households determine their wage. Firms pick households at the market.

C and K Good Price determination: Consumption and capital firms set the prices of their
goods.

CB policy: The central bank sets the rate on advances and reserves.

Interbank interest: banks determine the interest rate for interbank loans.

Capital market brochure: Consumption firms receive “brochures” from capital firms
containing the prices of their goods. Based on this information consumption firms choose
their supplier at the capital market. The pricing information is used later in credit demand
planning.

Investment demand: Consumption firms determine their desired investment in capital
goods.

Deposits and Reserve Interest payment: Banks pay interest on deposits of their depositors.
The central bank pays interest to reserve holders.

Deposit and Loan interest rate: Banks set their interest on deposits and loans.

Credit supply, Credit demand and credit market interaction: Banks determine their
maximum supply of credit. Firms determine their demand for credit. Firms choose their
credit suppling bank and banks provide credit after assessing the credit worthiness.
Production: Firms produce consumption goods.

Wages and dole: Firms pay wages to their employees. The government pays wages to

public servants and dole to unemployed households.
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14. Consumption demand and market interaction: Households determine their demand for
consumption goods and interact on the market by choosing the suppling firm and buying
the goods. The government determines its demand and buys consumption goods as well.

15. Capital market: Consumption firms interact in the capital market and buying capital goods
from the previously chosen supplier.

16. Interest and principal payment of credit, advances, interbank and bonds: Firms make
interest and principal payments on their credits. Banks make interest and principal
payments on advances and interbank credits. The government pays interest on its bonds
and repays them.

17. Taxes: Firms, banks and households make tax payments.

18. Dividends: Firms and banks pay out dividends.

19. Deposit demand and market interaction: Firms and households determine their demand for
deposits (if there is also cash available) and interact on the deposit market by choosing
their deposit supplier and transferring their deposits to that bank.

20. Bond interest, supply, demand, and market interaction: Government determines its interest
and supply of bonds and issues them. Banks determine their demand for bonds and interact
on the bond market by buying them from the government. The central bank buys leftover
bonds which were not purchased by banks.

21. Interbank credit supply, demand, and market interaction: Banks determine their supply and
demand for interbank credit. Demanding banks choose their supplier. Suppling banks grant
credit.

22. Reserve demand and market interaction: Banks determine their demand for reserves. The
central bank grants advances to all requesting banks.

23. Bankruptcy: Firms and banks with negative net wealth are recapitalized.

This paper also relies on the denotation by Caiani et al. (2016). Thus, capital firms are denoted
with k, consumptions firms with ¢, household with h and banks with b. Terms that apply to both

consumption and capital firms are denoted with x.
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3.1 Firms

Firms produce and sell goods. While capital firms produce capital goods consumptions firms
produce consumption goods. Consequently, firms hire workers and borrow from banks.

Consumption firms additionally invest in capital goods.
3.1.1  Expectation of Sales and price determination

Firms predict their future sales using rule-based (RB) adaptive expectations. Thereby, the

. RB . . . .
expectation sy, is increased when sales from the last period are greater than expected and vice
versa:

B

RB R
e s : e
eRB Sx,t—1 + axLN lf Sx,t-1 > Sx,t—1

Sxt = RB RB (3.1)
’ e s . e
Sxt—-1— axLN lf Sxt—1 < Sxt—1

where LN is a random number drawn from a lognormal distribution with the parameters mean y, 5
and standard deviation o7,. a3 is the fixed adaptive parameter which determines the step size of

the increase/decrease.

The markup of a firm is adjusted analogously. If sales were higher than expected, the firm increases
its markup to make its goods less attractive. Conversely, if sales were lower, the firm decreases its
markup to make their goods more attractive.

- RB
mu : e
mux,t—l + Ay LN lf Sx,t—l > Sx,t—l
Muye = ___ mu . oRB (3.2)
MUy 1 — Ay LN lf Sxt—1 < Sxt-1

With mu, ., being the average markup of all firms in the last periods which is approximated by

the firm with its own unit cost.

Firms set the prices of their goods by charging a non-negative markup mu, , on their unit costs:

Prt = (1 + mux,t)ucx,t (3.3)

The unit costs for capital firms are defined as the expected labor costs multiplied by the labor
demand, plus the interest paid on loans in the last period (current loans are granted after price

determination), divided by the desired output:
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L
YineNe Wnt + i e—1Lie—1

d
Vit

UCy; = (3.4)

where W), , is the wage of employee n of firm k and yis the desired output.

Consumption firms on the other hand rely on the normal-cost pricing method, as described by
Godley and Lavoie (2007), and set their prices with a non-negative markup on their normal unit

costs:
Pet = (1 + mux,t)nucx,t (3.5)

Normal unit costs are defined as the costs a consumption firm incurs when operating at full
capacity at its target level of capacity utilization and are calculated by dividing labor costs, interest

paid, and amortization by the normal output:

. 1
ZnENC_t Wn,t + lé,t—ch,t—l + Zk € Kcyt_l(kkpk) E

n
yc,t

(3.6)

nuc. ¢ =
Normal output is the output at full capacity and is defined as y7; = K cul. This way consumption
firms set their prices independently of their capacity utilization and stay competitive.

3.1.2  Production planning

. . . RB
Every firm x computes their desired output yff,t based on the firms’ sales expectations sy, , the
current inventories inv, , and the target inventories-to-sales ratio v:

. (3.7)
y,‘f,t =se: (1+v)—inv,, withx = {c, k}

3.1.3 Labor Demand

Capital firms produce their output using labor only. Their demand for labor is determined by the

desired output and labor productivity py:

Nge = yiee/ iy (3.8)

The labor productivity is assumed to be constant and exogenous. Labor demand by consumption

firm is:
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d kC,t

N2, = cul, . (3.9)
k

where k. 1s the real stock of capital, [, is the constant capital-labor ratio, and cuﬁt is the rate of
capacity utilization needed to produce yZ;. cug, is defined as:
d
d . YC,t
cug, = minjl, —} (3.10)
¢ { kc,t 256

where L is capital productivity, which is fixed and determined exogenously.
3.1.4  Firm’s profits and dividends

The pre-tax profit of a consumption firm is defined by considering revenues from sales, interest
received, the nominal variation of inventories (priced in unit costs), wages, interest paid on loans,

and capital amortization:

_ .D R . .
Hc,t - Sc,tpc,t + lb,t—ch,t—l + lcb,t—ch,t—l + (lnvc,tucc,t - lnvc,t—lucc,t—l)

t—-1

—[(t=1)—j 1 (3.11)
B z W, - z ié,,-Lc,j" [(t77 )—Jjl z (kkpk)z

NENc j=t-n keKet—1

where iﬁ ¢t—1Dcr—1 and ifb,t_ch‘t_l is the interest received on deposits and reserves from the
previous period, uc., are unit costs of production, W, . is the wage paid to worker n, ié j 1s the
interest rate on loan L ; obtained in period j =t —7n,...,t — 1, p¥ is the price paid for the batch
of capital goods k¥ belonging to the firm’s collection of capital goods K.¢_1, and n = k are the
durations of loans and capital. Pre-tax profits of capital firms are defined similarly, except that

there is no capital amortization. Based on pre-tax profits the dividends can be determined as

follows:
Divy; = py(1 — 7,)max{0, I, .} (3.12)

where T, is the firm’s tax rate and py is its dividend payout ratio which are both fixed and

endogenously given.
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3.1.5 Firm’s loan demand

To ensure sufficient liquid assets for their operations, firms take out loans. It is assumed that firms
do not issue new shares, relying instead on retained profits and bank loans. The loan demand of a
consumption firm is determined by its investment, expected dividends, wages, principal payments,
minus the expected operating cash flow and deposits:
t-1
L%, =max<{I% +Divé, + o z Whe + Lc,j% — OCFf — Dy — R, 0 (3.13)
nENe, j=t-n
where Div¢, = p,(1 — 1,)II;, are the expected dividend disbursements. Firms consider their
wage disbursements with the factor o to maintain a liquidity buffer. Expected profits [T, are

calculated analogously to Equation 3.10, with the exception that revenue and change in inventories
are calculated using expected sales sg,}:B instead of actual sales s, .. Expected operating cash flow
is calculated as:

RB
e _ e D ‘R - e
OCFit = Sxt Pxt tixe—1Dxt—1 + ixe—1Rx -1 — E Wit = ixe—1lxi—1 — Tt

TLENC'L»

(3.14)

where expected taxes are defined as T, = T,[I; ;. The loan demand for capital firms is determined

similarly, except that investment in capital goods is excluded.
3.1.6 Investment demand

Consumption firms increase their investment by a random number if the desired capacity is above

current capacity and the net present value of the current capital is greater than 0.

- (igem1 + @lLN if k& > kep—q and NPV >0
it = (3.1)

lct—1 — Q¢LN  if kg,t <kci-1

Net present value is calculated by summing up discounted future cashflows of one capital unit and

subtracting the investment cost the price of one capital unit:

DES

RORKS e
. (T+WACC)" Pr
n=

NPV, = (3.2)
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The future cash flow is calculated by considering the expected return on real capital RORKCefES

which is the double exponentially smoothed expectation of unlevered free cash flow divided by
capital stock RORK,, = UFCF_/k... Unlevered free cash flow in turn is defined as profits minus
interest payment minus amortization minus investment. The expectation of return on real capital

is computed with double exponential smoothing to account for the nominal increasing trend. For

a generic variable z,, the double exponentially smoothed expectation Z{?DES is calculated as

follows:
Wi, = %21 + (1 = B (Wl,_q + trde_y) (3.3)
trd, = B (lvl, — Wle_y) + (1 — BN trd,_, (3.4)
28" = W, + trd, (3.5)
szss = vl + ntrd,; (3.6)

with vl and trd, being the level and trend while ! and " being the respective smoothing

parameters for the level and trend.

The discount factor used to calculate the NPV is the weighted average cost of capital (WACC),

calculated as follows:
WACC.; = ROEc;_1ER ¢, + sza,t—1(1 —ER1) (3.7)

where ROE,,_q is the average return on equity, ER.,_; is the average equity ratio of all
consumption firms in the previous period, and T,L,'t_l is the average interest rate on loans of all

banks in previous period. Average values are used so that firms can compare themselves to the

market.
3.1.7 Demand for liquid assets

Firms maintain their liquid assets in a financial portfolio containing deposits and reserves. The
portfolio weights w? for deposits and w?® for reserves with the constrain w? + w® = 1 determine
the share of liquid assets a firm wants to hold in deposits and cash. The demand for deposits is

therefore Dg‘f‘t = w? (Dx,t + Rx't) while the demand for reserves is Rg‘f,t = wk (Dx,t + Rx,t).
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3.2  Households

Households work, purchase consumption goods and keep deposits with banks. Additionally, they

own firms and banks and receive dividends from both.
3.2.1 Wage determination

A worker (an employed household) determines their desired wage based on an adaptive heuristic.
If the worker has been unemployed for more than four periods, they decrease their demanded wage.

Otherwise, the worker increases it:

4
(. _
Wh,t—l(]‘ + LN) lf Z Eh‘t_n > 0
n=1

W,ft_l(l — LN) else

we, = (3.15)

where ¢, = 1 if h is employed in t, and 0 otherwise. Unemployed workers receive a share 6 of

average wages as dole.

There is also a turnover ratio 9, which describes the portion of the workforce in consumption firms,
capital firms, and the government that is fired and replaced each period by random households

from the unemployed population, which includes the fired workers.
3.2.2  Consumption

A household’s consumption is determined by fixed propensities to consume out of net income
pchT and net wealth pch". Real consumption demand can be derived by dividing net consumption

by the current price:

d PCrI:”NIh,t + pCiIYW(NWh,t—l - Divh,t—l)
cre = . (3.16)
ct

where NI ; is the net income, NW), ;_,1s the previous net wealth, and py, ; is the current price for
consumption goods. Dividends are paid at the end of each period as the order of agent activities
suggests and are consumed in the next period. To prevent them from being consumed twice (as

part of net income and previous net wealth) they are excluded from previous net wealth.



What Difference Does Central Bank Digital Currency Make? Insights from an Agent-based Model 18

3.2.3 Demand for liquid assets

Households maintain their net wealth in a financial portfolio containing deposits and reserves same

as firms described in chapter 3.1.7.
3.3 Banks

Banks grant loans to firms and accept deposits from households and firms. Another source of
funding are central bank loans, which are called advances. Whenever banks grant loans or buy
government bonds they create deposits at the same time, which is in line with the endogenous
money model and current practice (Jakab and Kumhof, 2018; Werner, 2014). Every bank has a

reserve account with the central bank.
3.3.1 Loan supply

The loan supply of a bank is constrained by its expected capital adequacy ratio and its target. The
capital adequacy ratio is defined as the ratio of equity to risky assets CAR, ; = NW /L while the
target capital adequacy ratio CAR! is given exogenously. Bonds and interbank credit are
considered risk-free. The maximum credit supply is determined by the expected net wealth divided

by the target capital adequacy ratio, minus current loans plus the principal payments:

t—1
NWyeq + 15, 1
e = i e+ D oy (3.17)

j=t=n
where IT; . represents expected after-tax profits, calculated by subtracting the interest costs of all

liabilities from the interest revenue of all assets and applying the tax rate.
3.3.2  Bank’s Dividends

Banks pay dividends based on their capital adequacy ratio. A bank compares its past net worth
NWp, .—1 with its target net worth defined as N W,f ;= CARng,t. If past net worth is lower than the
target the banks only pays dividends if profits are higher than the missing capital gap. If past net
worth is higher than the target, the bank pays out its full profit as dividends, plus a portion A of the

excess capital to gradually reduce it:
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Divb‘t
_ {max{O, (1 —tp)pe} + (NWy ey — NWT)A if NWp,_q = NW/[,, (3.18)
max{0, max{0, (1 — 7,)y.} + (NWy .y — NW[,)} otherwise

3.33 Loan Interest Rate

A bank determines its loan rate as a non-negative markup mu,, , over the interbank loan rate as a

reference rate:
ilB,t = if)l,gtL + mup, (3.19)

The markup is adjusted using an adaptive heuristic, similar to the one used for firms' real sales
expectations. Instead of real sales, banks rely on the real new loans granted in the previous period
% ~ . . ~oRB . .

lpt—1 = Lps—1/me—; and its expectation [y, . If real new loans from the previous period exceed

expectations, the bank increases its markup and expectation. Otherwise, both are decreased:

_ a ~,RB
_\mupiq + apy LN if lpeq > 15y,

mup, =4 - C ~oRB (3.20)
mupe . —ap LN if by 1 < lpeq

(3.21)

e

b,t ~,RB 7 a ~,RB

’ e l : e
lpt-1 —apLlN iflp 1 < lpey

~,RB i P seRB
~eRB [lg,tﬂ +apLN  if lpt-1> 1 1,
where mu,, ., is the average markup of all banks in the previous period.
3.3.4 Loan Approval Decision
A bank makes the loan approval decision for a requested loan L% based on a recursive function. If
the expected return 7€ on the initial amount L, = L is greater than zero the bank supplies the full
amount. Otherwise, the loan amount is reduced by one percent of the initial amount L, = L till
the expected return of that amount is greater than zero or the loan amount cannot be reduced
further:
0 if L, =0,
i,t(Ln) = Ln lf T'e(Ln, ié',t'PDx,t(Ln)l5x) > O' (38)
pt(Ln —Lo1/100) otherwise
The expected profit is calculated with consideration of the discounted expected cashflow and

discounted expected loss:



What Difference Does Central Bank Digital Currency Make? Insights from an Agent-based Model 20

n L
L4(1 - )
— J X\ _qd
= > | (1=PDy) — = ( oy PP ) L (3.9)
]:1 b,t
where Ld =27 7]] is the remaining loan value at time j, ds = Ld + Ldl the debt service

at time n, and J,, is the recovery rate defined as the ratio between the discounted value of the firm’s
capital to total debt. The debt service from the loan and the potential defaulted loan amount are
thereby discounted using the interbank rate lI BL as a proxy for the financing costs. When the initial

loan amount is subtracted, the bank receives the expected return on the loan.

The probability of default in turn is calculated with the debt service coverage ratio:

1

EBITDA""
1+exp (ZTotx’t_5> (310)

Sxt+1

PDxt:

where  is the bank's risk aversion parameter towards firms. Capital firms use a double-exponential
smoothed expectation of earnings before interest, taxes, depreciation, and amortization
EBITDA, ;, defined as pre-tax profits plus interest payments:

t—1

. n
EBITDAy; = Iy, + Z ik Lk
j=t-n

—[(t—=1)—j]
n

(3.11)

Consumption firms in contrast, use a double exponential smoothed expectation of EBITDA minus

CAPEX EMC, ., which adds capital amortization and subtracts capital expenditure (CAPEX):

, n—[t-1) -/l 1
EMCop = llog & ) ibjley ot ) (KpM)p— It G.12)

j=t-n keKee—1

The total debt service is defined as the sum of the future debt services for all existing loans and

the first debt service of the demanded loan:

t—1
tot 1 . 77—1—[(15—1)—]'] . 1
dsyeeq = Z (Lx,j —+ifLy; + (lé,t + —) L (3.13)
g n )
j=t-n+1

n
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3.3.5 Deposit Interest Rate

A bank determines its deposit interest rate based on its excess liquidity, opportunity costs, and the
profit from reserves, which is inspired by Schasfoort et al. (2017). A bank will aim to attract
customers (by increasing the deposit rate) when it has a liquidity deficit (excess liquidity is zero
or negative), deposit funding is cheaper than interbank market funding (the current deposit rate is
lower than or equal to the upper bound), and the profit on reserves exceeds the cost of deposits.
Conversely, a bank will seek to repel customers (by lowering the deposit rate) when it holds excess
reserves, alternate funding is cheaper than deposits, or no profits are earned from reserves. The
liquidity deficit aspect is covered by P, the opportunity cost aspect by y°¢ and the profit on

reserves aspect by yFR:

1 if EL,, <0
LD _ ) bt
X —1 otherwise (3.14)
yoc =11 if ihe—r <lpg’ (3.15)
—1 otherwise
pr_ (1 ifipeq S iy (3.16)
X .
—1 otherwise
Excess liquidity is defined as:
ELpt = Rp¢—q —Ape—y +1BLye 1 — IBBye_y — Dye 1 LR} (3.17)

where IBLy,_, are interbank loans, IBB);_, is interbank borrowing (interbank loans on the
liability side), and LR} is the target liquidity ratio set exogenously by the central bank.

The deposit upper bound ig UB represents the maximum rate the bank is willing to pay before

deposit funding becomes more expensive than funding through the interbank market. This upper
bound considers the cost of minimum reserves, as banks must pay for central bank advances to
maintain minimum reserves. Additionally, it accounts for the cost of excess reserves. If excess
reserves earn a lower interest rate than the interbank rate, the bank incurs losses. Therefore, the
upper bound is defined as:

ipV8 = i{B- — max{LR] — max{NLR,,0},0}(i&, . — i%, ,)

— max{NIR, ,, 0}(ilf: — i%, ) (3.18)
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The cost of minimum reserves is determined by the first subtrahend, where the portion (relative to
deposits) of minimum reserves financed with advances is multiplied by the spread between the
advances rate and reserves rate. The second subtrahend accounts for the cost of excess reserves.
The proportion of excess reserves is multiplied by the spread between the interbank rate and the
central bank reserves rate. The interbank rate is used here as a proxy for the funding cost of excess
reserves. NLR, ; is the average net liquidity ratio of all banks, defined as:

_ ZbSize(Rb,t—l — Ab,t—l)

NLRy, , =
bt stize Db,t (3.19)

Additionally, banks also consider the upward stickiness of deposits. Thus, banks adjust their
deposit rate only with a delay if the policy rate increases while instantaneously adjust their rate if
the policy rate is decreased. This is realized in this model by the stickiness parameter y57. The
parameter is 1 if the policy rate is above the deposit rate (i3 ° > ij,_,) with a probability of fifty
percent (cumulative distribution function CDF of a log normally generated random number LN,

is smaller than 0.5) and -1 otherwise:

1 if iPYB > P, . and CDF(LN,) < 0.5,
XST :{ f b,t bt—1 ( 2) (3.20)

—1 otherwise
Based on these values, an adaptive heuristic is applied. If the sum of the values is greater than 0
and stickiness parameter is negative meaning no stickiness, the bank raises its rate above the
previous average deposit interest rate of all banks. Otherwise, the rate is decreased below the
previous average rate. If the stickiness parameter is 1 the deposit rate stays the same:

min {T0,_; + afLN,ip?"}  if xR+ x°C + x*" > 0and x5 = -1,

ip, = | max {t,,_, — ay LN, 0} if 'R+ x9€ + xR =< 0 and x°T = —1, (3.21)
ipt_1 otherwise

where Tf,)'t_l is the average deposit interest rate of all banks in the past period.
3.3.6 Interbank Market

Competition in the deposit market leads to reserve imbalances between banks which can be
balanced through the interbank market. A bank's supply of interbank loans is determined by its

excess reserves as described in Equation (3.17):
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IBLy . = ER,, (3.22)
The demand for reserves of banks with a liquidity deficit is determined analogously:
IBLY . = min{0,ER, ;}(—1) (3.23)

I assume that there is perfect competition and information on the interbank market. Therefore, the
interbank interest rate is based on the total amount of excess reserves in the banking system and is
determined with a linear function which is the percentage deviation of excess reserves to required

reserves:

(3.24)

.IBL __ :A A .R . ZbSizeNLb
Ipt = lebt — (lcb,t - lcb,t)mm{ 1

LR; ZbSize Db ,
Banks are always willing to lend if they have excess liquidity because this would be more

profitable than holding reserves at the central bank and interbank loans are considered risk free.
3.3.7 Demand for Reserves

If the demand for reserves cannot be satisfied on the interbank market, banks apply for advances
from the central bank. A bank determines its demand for reserves from the central bank by
comparing its reserves with its target liquidity given by the target liquidity ratio, which is assumed

to be defined exogenously by regulatory requirements, multiplied with its current deposits:
Ry = max{LR.Dy; — Ry, 0} (3.25)

Banks can borrow from the central bank without collateral and the central bank is always willing

to lend to banks as the lender of last resort.
3.3.8 Demand for Bonds

The demand for bonds bg’t of a bank is determined by two factors: first, the bank’s deposit amount
relative to the total non-bank money supply, since this portion can be financed by cheap deposits.
Second, the relation between the non-bank money supply other than bank deposits and the total
non-bank money supply divided by the number of banks. This portion is financed with central

bank funding:
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Dyt (1 B %)

b%, = b$ +
b,t .
Mnonbs Slzep

gt

(3.26)

where M,,,,ps 18 the money supply of all non-bank agents and D,,,,,ps the deposit amount of all

non-bank agents.
3.4 Central bank

The central bank lends at the rate for advances and buys bonds which have not been puchased by
banks. It determines its lending rate, the advances rate, following a Taylor rule with inflation

targeting, an unemployment gap and smoothing:

eSES

ithe = B ily1+ (1 —B) <7Tt—1 + i+ (o —Th) + (ut—l —Ucpt )) (3.27)

where m; is the inflation rate on consumption goods, 7, is the exogenously given inflation target,

inat

i is the natural rate of interest and B*® is the smoothing parameter. The expected

unemployment rate uce,ib;s is an approximation of the natural rate of unemployment (NROU) and
is based on the simple exponentially smoothed past unemployment rates. The simple exponentially

smoothed expectation eSES for a variable z is defined as:

SES eSES

SES
28 = 200 + B (20 — 27 (3.28)

Where 555 is the smoothing parameter. SES is employed in this case since there is no trend in

the data.

The profit of the central bank is transferred to the government and can be derived from interest on

government bonds plus interest on central bank advances.
Hepe = igB,t—chb,t—l + iélb,t—lAcbt—l - i?b,t—chb,t—l (3.29)
The central bank buys governments which have not been purchased by banks:

béye = bg — bf, (3.30)
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3.5 Government

The government employs workers, pays dole to unemployed workers and buys consumption
goods. The deficit of the government is financed through the issuance of bonds and is determined

based on taxes, wages to government employees, dole and interest payments on bonds:

pPAb, =T, — z Wp = Updy — igB,tﬁbbt—1 (3.31)
nENg't
where T; is the sum of Ty ¢ + T¢r + Tk + + Tpy, d; are the unemployment benefits defined as
OW,, U, is the number of unemployed households, ig,t the interest on bonds, p? is the fixed price
of bonds and Ny, the collection of public workers. The interest rate of bonds follows the rate for

interbank loans:
ige = ihr (3.32)

All bonds are bought by either the banks or the central bank depending on the monetary regime
(ceiling or floor). In this paper the model is calibrated with a ceiling regime. Furthermore, the
government has a reserve account at the central bank by default and handles all transactions with

this account.

The government spends all its central bank profits on consumption goods to keep the Debt-GDP

ratio constant in the baseline and the CBDC model:

maxi0, I
cd, = {p_—c"'t} (3.33)
c,t

Where p, ; 1s the average price for consumption goods on the market. This prevents the debt-GDP
ratio from falling and decreasing economic output. The same procedure is applied by Barrdear and
Kumbhof (2016). The central bank profits could also be used to reduce taxes as in the model of
Barrdear and Kumhof (2016) (lower average cost of government financing). Furthermore, the
government buys consumption goods from all consumption firms proportionally to their market

share to minimize the influence on the competition in the market.
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3.6  Firm Bankruptcy

If a firm goes bankrupt meaning that it cannot repay its loans or wages it undergoes a bankruptcy
procedure. Thereby the firm’s liquid assets are distributed to its creditors and its capital goods are
symbolically sold to households to raise additional funds. The capital goods do not leave the firm
because it is assumed that households transfer the bought capital goods directly back to the
respective firm. After that the firm is recapitalized with the net wealth of households if it has

insufficient capital.
3.7  Bank Bankruptcy Regimes

When a bank exhibits negative net wealth, it undergoes a bankruptcy process. Generally, without
CBDOC there are three possibilities how bank bankruptcies can be handled in the model: Bail-out
by the state, bail-in by depositors and rescue by the deposit insurance scheme. The three regimes
differ in how the negative net wealth is paid off. With CBDC there is an additional bank bankruptcy
regime. For simplicity after the payoff in all regimes banks are recapitalized by all households
proportionally to their wealth (Deposits + CBDC). The recapitalization payment by each

household can be defined as:

NW,, Ly, :CAR}
NWy .

RECAPh‘b’t = (334)

3.7.1  Bail-out by the Government

In a bail-out regime the negative net wealth is paid off by the government. To keep Debt-GDP
ratio fixed this bailout is financed through a one-time wealth dependent tax raised on households.

The bank rescue payment RP each households makes is defined as follows:

B NWy(~NW,,.)

RPypt = N W, (3.35)
,t

3.7.2  Bail-In by Depositors

In a bail-in regime the negative net wealth is paid off by the depositors and interbank creditors of
the bankrupt bank. If there are not enough deposits, the bailout strategy applies. Each depositor x
bails in the amount proportionally to the amount of his/her deposit held with bank b:
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Dt (—=NWpz)

RPype = D,
,t

(3.36)

3.7.3  Bank bankruptcy with CBDC

In a system with CBDC and a digital bank run, the bank bankruptcy process works analogously to
a bailout by the government. Due to the bank run and liquidity demand the central bank granted
uncollateralized loans to the bankrupt bank and became its only creditor. Before the central bank
writes off these bad loans and runs into negative net wealth the bankrupt bank receives a bailout
by the government in this model. Another option would be the bailout of the central bank but for
simplicity the former is applied. It should be noted that CBDC cannot be considered as completely

risk free since households would lose an amount of their wealth through the bailout.
3.74  Deposit Insurance Scheme

In a deposit insurance scheme, the negative net wealth of the failed bank is paid off by the deposit
insurance fund which is financed by all banks and their customers. The scheme may be set up as
ex-ante or ex-post. In an ex-ante scheme, the bank rescue payments are made before the bankruptcy
has taken place, which usually includes a fund. In an ex-post scheme, the bank rescue payments
are made after the bankruptcy has taken place. This paper implements an ex-ante scheme. All
banks make contributions to the deposit insurance fund proportionally to their deposit stock. The
contribution is made from the banks net wealth and therefore their interest spread earning from
their customers. The fund is held by the government. If the deposit insurance fund does not have
sufficient deposit insurance reserves, as in the case of a systemic bank failure, the bailout strategy
(Chapter 3.7.1) applies. Contrary to most deposit insurance schemes in practice there is no upper

limit on the deposit amount that is insured.

Each bank has a deposit insurance fund target which is determined by the amount of deposits and
the deposit coverage target ratio DI FbT‘ + = Dy DIRRT. The dividend of a bank is determined
depending on both the differences in its net wealth and its deposit insurance fund from their targets.

Thereby four cases arise:
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if NWy,—y = NWj, and DIF,,_, > DIF],,
if NWy,—y = NWj, and DIF,,_; < DIF},,
if NWy,—y < NWj], and DIF,,_; > DIF},,
if NWy.—y < NW], and DIF,,, < DIF],

xP = (3.37)

Sw N

Based on the four cases the dividend of a bank can be determined:

max{0, (1 — 7,)1,;} + ANW,, ;A + ADIF, ;A if xPv =1,
max{0, max{0, (1 — 7).} + ANW, ;A + ADIF, .} if x°% =2,
max{0, max{0, (1 — tp)1, .} + ANW,,; + ADIF, A} if yP¥ =3,
max{0, max{0, (1 — 7).} + ANW,, + ADIF,,}  if x" =4

(3.38)

where ADIF, . is the difference of actual funds in the deposit insurance fund and its target
ADIF, = DIF}, 1 — DIFbT, ¢+ while ANW,, ; being the difference between actual net wealth of the
bank and its target ANW), , = NW, ,_; — NWbT’t.

Similarly, the contribution DIC}, ; each bank makes in each period to the deposit insurance fund

can be defined as follows:

DIC,,;

—ADIF, ;A if P =1,
B min{max{0, (1 — )1, .} + ANW,, A, —ADIF, .} if P =2, (3.39)
B —ADIFb’t/l if XDiv =3,

min{max{0, max{0, (1 — 7)1} + ANW,, .}, =ADIF, .} if x°% =4

4 Experiment setup and Calibration

In this section the different scenarios, the baseline configuration, the digital bank run and the
calibration are described.

4.1 Scenarios

Overall, there are six scenarios. The first three scenarios investigate the effects of CBDC under
different monetary policy regimes. Thereby 400 periods are simulated with the digital bank run at
period 200. In the first, the central bank maintains a corridor system. The initial rate for central
bank advances is set at 0.015, while the rate for central bank reserves is set to 0. The central bank
follows the Taylor Rule described in Chapter 3.3.8, and there is a liquidity deficit in the banking

system, meaning there are no excess reserves, and a minimum reserve requirement is in place. In
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the second scenario, there is a zero-interest environment, with both the rate for central bank
advances and reserves fixed at 0. In the third scenario, the central bank maintains a floor system.
The initial rate for central bank advances and reserves is set at 0.015, and the central bank follows
a Taylor Rule which is applied to both advances and reserves. Additionally, the central bank buys

all government bonds, creating a liquidity surplus in the banking system.

The fourth, fifth, and sixth scenarios explore the effects of CBDC under different bank bankruptcy
regimes. These experiments are conducted in a zero-interest environment to isolate the effects of
the bankruptcy regime and minimize any influence from interest payments. These experiments
simulate 600 periods in each run. In period 400, an idiosyncratic bank failure is simulated, where
one bank is randomly drawn and the value of all its loans is reduced by 75 percent. This reduces
the banks net wealth so that it goes bankrupt. Additionally, this increases the profits and the net
wealth of firms whose loans are reduced. It is assumed that these firm profits are not paid out as
dividends to isolate the negative effect of the bankruptcy. In the fourth scenario, a bailout regime
is investigated, where the negative net wealth of banks is covered by a wealth tax on households,
as described in chapter 3.7.1. The fifth scenario explores a bail-in regime, where the bank's
negative net wealth is absorbed by its depositors. Finally, the sixth scenario examines a deposit

insurance system, in which the bank is rescued by the deposit insurance fund.
4.2  Baseline Configuration

In the baseline run the preferred portfolio weight for deposits is 1 and the weight for reserves is 0,

i.e. households and firms only want to hold deposits:

4.3  Digital Bank Run

The digital bank run happens at period 200. Thereby, the portfolio weight for reserves of
households and firms is set to 1 while the weight for deposits is set to 0 so that all their deposits

are converted to reserves.
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4.4  Calibration

The calibration is performed, and initial parameters are set following the six-step process described
by Caiani et al. (2016), with minor modifications. First, an aggregated model is derived. Second,
it is constrained by a nominal growth rate. Third, the model is solved numerically using exogenous
values to determine the endogenous unknown stocks and parameters. Fourth, the stocks in the
aggregated model are evenly distributed among all agents. Fifth, the outstanding and original
amounts of loans and capital are determined. Finally, in the sixth step, each agent is assigned a
previous supplier for each market in which they participate. The aggregated model in the first step
was adjusted using the equations described in Appendix A to align with the model developed in
this paper. Appendix A also provides the exogenous values and calculated steady-state values used
in the third step of the calibration. As a result of this process, all agents begin under the same
conditions. The stock-flow consistency of the model in the steady state was verified and found to

be valid.
5 Results

This section contains the results of the six scenarios. For each scenario a Monte Carlo simulation
of 100 periods was performed for both the baseline and CBDC run. The following plots contain
the average values of the 100 runs. The plots start at period 200 since the model requires a “burn-

in” period with higher volatility till it reaches a steady state at period 200.
5.1 Scenario I: Unremunerated CBDC in a Corridor System

The digital bank run from deposits to CBDC has implications for the balance sheets and assets of
the banking system, as demonstrated by Figure 3. Banks replace their deposits with newly issued
central bank advances, which includes the creation of reserves. As a result, advances for banks and
reserves for non-banks increase, while deposits decrease, leading to changes in financial flows.

Figure 4 shows selected macroeconomic variables.

Deposit interest payments to households are replaced by advances interest payments to the central
bank. This has two effects. First the interest payments going to the central bank increases the
central bank profit and thus the government’s seigniorage income. This, in turn, leads to higher
government spending (Real Gov Consumption) and a reduction in household consumption due to

lower deposit interest income. Since the government fully spends its seigniorage income (100
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percent), while households consume their deposit interest income with a specific propensity (90
percent), aggregate demand increases, resulting in a rise in GDP. In response to this increased
demand, firms require more loans, suggesting that the digital bank run would, in the long run, lead
to higher GDP and increased bank lending. In this experiment government consumption increases
GDP in a one-to-one relation since the government buys consumption goods. In reality the effect
on GDP might even be larger if the government buys investment goods which increases GDP
multiple times due to the multiplier effect. As a second effect overall bank funding becomes more

expensive since cheap deposits being replaced by advances remunerated at the current policy rate.

Banks before Central Bank before Banks after Central Bank after
Assets Liabilities Assets Liabilities Assets Liabilities Assets Liabilities
3e+051 - - 3e+051 -
Advances
2e+05] - | Bonds - 2e+05{ -
Bonds
Deposits Advances Advances
1e+051 - - 1e+051 -
Loans
Loans
..., [Reserves] ~ [Advances] [Reserves | sesco] -

Figure 3: Balance Sheets before and after the digital bank run in corridor system
This leads to decreasing profits. However, the loss in profits from sticky deposits is compensated
for by the profit gains from the increased loans due to increased GDP rendering the effect of CBDC
on bank’s profit situation as almost neutral.* This loss of profit also flows to the government and

increases GDP since the government has higher propensity to consume than bank owners.

4 There is also an increase in the Gini index, which can be explained by labor turnover. As GDP increases, firms hire
more households, widening the gap between the income of employed and unemployed households. After about 50
periods, this gap closes as employed households face layoffs, and unemployed households take over their positions.
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From a monetary policy perspective, the digital bank run makes monetary policy through interest

rates less effective. Households are no longer affected by interest rate changes in their investment

and saving decisions, as they hold all their wealth in unremunerated CBDC.
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5.2  Scenario II: Unremunerated CBDC in a Zero-Interest Environment
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Figure 5: Results Zero-Interest Environment

In a zero-interest environment, the balance sheets are affected similarly to the corridor system.
Banks replace their deposit funding with central bank advances. However, since the interest rate
is zero, the interest payment flow is not redirected, and the digital bank run has no overall effect
on the economy. As Figure 5 shows, all economic variables are on the same level as the baseline.
There are only small differences due to the random number generator. Both the baseline and CBDC

runs use the same random seed but with CBDC the interactions on the deposit market are missing,
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which includes the random allocation of buyers to sellers. Therefore, the agents in the CBDC run

use the same numbers generated but draw less numbers.
5.3 Scenario III: Remunerated CBDC in a Floor System

In a floor system, the changes in the balance sheets of the banking system differ from the previous
scenarios. As Figure 6 shows, the majority of reserves needed by banks was already created
through asset purchases by the central bank. However, since the withdrawn deposit amount
exceeds the amount of purchased bonds, the shortfall in reserves must be made up through central
bank advances. From a monetary policy perspective this means that the floor system changes to a

corridor system since banks lose all their excess reserves.

Banks before Central Bank before Banks after Central Bank after

Assets Liabilities . Assets Liabilities . Assets Liabilities . Assets Liabilities
75000 Loans 75000
50000 50000

Deposits
Bonds - - Bonds
25000 25000
Loans

0 0

Figure 6: Balance Sheet Changes of Digital Bank Run in Floor System
As Figure 7 suggests, the balance sheet changes have no effect on GDP. Instead, banks' profits and
dividends fall as a result of the prevention of sticky deposits. CBDC held by households and firms
is remunerated at the current policy rate, unlike deposits, where the policy rate is passed through
with a delay. This leads to a redistribution of dividends to CBDC holders. However, this has no
effect on GDP in the model since bank shareholders and CBDC holders are the same agents. In
countries where they are not the same, there would be a redistribution of wealth. Whether this has
any economic impact depends on whether deposit holders have different propensities to consume

out of their income than shareholders, as pointed out by Driscoll and Judson (2013). Overall, the
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pass-through of monetary policy is improved, as changes in the central bank’s policy rate are

instantly passed on to households and firms.
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Figure 7: Results Floor-System

5.4 Scenario IV: Bail-out Regime
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Scenarios IV to VI include the bank asset value shock at period 400 where a portion of the assets

of a randomly chosen bank are transferred to its competitors. On one side this makes the one bank

go bankrupt so that it undergoes a bankruptcy process with corresponding economic effects. On
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the other side the loss increases profits and net wealth of firms. Although, this has no effects since
it is assumed that firms do not pay out these profits. Figure 8 shows the effects of the asset shock
in a bail-out regime with bank deposits and CBDC. As can be seen, the digital bank run into CBDC
has the same effect on the economy as bank deposits in a bail-out regime except for small
differences produced by the random number generator. With both CBDC and bank deposits the
bank rescue costs are born by taxpayers. This decreases output since households have less to
consume out of wealth. In the model, the rescue payments go directly to the failed bank.
Alternatively, the central bank could be rescued by these payments if the failed bank materializes

its losses through its central bank advances, bringing the central bank’s net wealth into negative

territory. However, this would only change the route the rescue payments take.
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Figure 8: Results: Bail-out Regime

5.5 Scenario V: Bail-In Regime

The effects of a digital bank run into CBDC in a bail-in regime are shown in Figure 9. As can be
seen after the bank asset shock there is a decline in loans in the baseline. This can be explained by

the distribution of bank rescue costs which differ between the regimes. In the bail-in regime
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without CBDC, the rescue costs are borne solely by the depositors of the failed banks, including
the firm. The loss in deposits constitutes a liquidity shock for firms which cannot pay their wages
and make them go bankrupt as consequence, which also the average firm bankruptcies show. The
creditors of the bankrupt firms have to write down their loans, which increases their bankruptcy
risk and threatening financial stability. With CBDC, the rescue costs are distributed equally among
all households, promoting equality which translates to a lower Gini index. This prevents firms

from going bankrupt, keeps the loan level steady and maintains financial stability.
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Figure 9: Results Bail-In Regime

Also, the GDP is at a higher level than the baseline run since bankrupted firms cannot pay their
workers the full wages, thereby reducing their consumption. Furthermore, the written down loans
in the baseline run may also affect solvent banks and thus affect the whole financial system. In the
model banks loans of the bankrupt firms are evenly distributed among banks which prevents such
contagion effects. Overall, CBDC transforms the bail-in regime into a quasi-bailout regime and

improves financial stability.
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5.6  Scenario VI: Deposit Insurance Regime

The results of CBDC issued in a deposit insurance system is depicted in Figure 10. In theory,
CBDC should have the same effects as the deposit insurance fund since with both systems bank
rescue costs are borne by households. While with CBDC households are taxed with deposit
insurance system the fund is built up by the profit margin of banks which originates from their
loan interest income received from firms which in turn pass-through their interest costs to

households with their product prices.

Real GDP Real Investment Real Consumption
37600 — 2035 32600
37200 V| — Baseline 2030 32200 4~ | 4 o
- | e g’ | M\a
36800 . CBDC gggg _'ﬂ‘ \ 31800 3
36400 — 31400
T T T T T T T T T T T T T T T
200 300 400 500 600 200 300 400 500 600 200 300 400 500 600
C Price Gini Index Bank's Average CAR
0.73 0.044 0.086 ]
0.71 —MA¥ INLT P pltnaly 3t 0.042 ]
- 0.082 —pmembe rim ol Lhymd
0.69 f 0.040 | et N s . B Ve,
- 0.038 0.078
067 { ' 0.074 3
I I I I I I I I I I : I I I I I
200 300 400 500 600 200 300 400 500 600 200 300 400 500 600
Real Bank's Profits Real Bank's Dividends Real Bank's Loans
o0 =
125 :I“r"‘ﬁ' 4 ﬁ 200 - 31000 ~ ~
120 :‘ m T,'Il . 388 - 30000 I P
[ | . 29000 - /
115 UM 100 +— 28000
I I I I I I I I I I I I I I I
200 300 400 500 600 200 300 400 500 600 200 300 400 500 600
Bank's Loan Interest Rate Firm Bankruptcies Deposit Insurance Fund
0.00494 - 82)8 2000 —
0.00492 0.06 ‘11888 ]
0.00490 0.04 500
Mo~ 002 — bbb M ek
0.00488 — T T T T 0.00 === I 0 =4 T T T T
200 300 400 500 600 200 300 400 500 600 200 300 400 500 600

Figure 10: Results Deposit Insurance System

The plots, however, show a difference between the baseline and CBDC. At period 200, the deposit
insurance fund is distributed among bank owners, who consume it, leading to an increase in
aggregate demand and GDP. At the time of the bank bankruptcy in period 400 the GDP increase
reverses since households bear all bank rescue costs which decreases their consumption. In the
baseline the economy stays stable since the bank rescue costs are paid by the insurance fund. There
is only a small GDP decrease since banks pay out less dividends to rebuild the deposit insurance

fund. Overall, CBDC and insured deposits have roughly the same outcome. CBDC only creates an
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additional dynamic in GDP because the model is calibrated with a deposit insurance fund. If the
model was calibrated with no deposit insurance fund in the steady state the dynamic would reverse
and the buildup of the insurance fund in the baseline run would decrease GDP first and later at
period 400 increase GDP compared to CBDC. It also should be noted that the GDP increase with
CBDC in the beginning is smoother than the sharp decrease at period 400 since banks pay out only
a portion of excess capital per period while the bank rescue costs at period 400 are deducted only

once.
6 Discussion

There are theoretical and practical implications arising from this research. These include economic
output, financial stability, disintermediation, equivalence between private and public money,

policy makers and agent-based modelling.

6.1 Economic Output

A shift from remunerated bank deposits to unremunerated CBDC increases economic output in
the first scenario which is in line with the findings of Gross and Letizia (2023) and Burlon et al.
(2024). Additionally, this research has demonstrated that the disbursement of the deposit insurance
fund can create a dynamic in economic output which no other major research paper has covered

yet.
6.2  Financial stability

This research has shown that the effects of CBDC on financial stability vary under different bank
bankruptcy regimes. It was demonstrated that CBDC has only an effect in a bail-in regime while
it has no effect in a bail-out or deposit insurance system. This is because with CBDC, the bail-in
and deposit insurance, the bank rescue costs are borne by a larger community. In a bail-in regime
bank rescue costs are only borne by the depositors of the bank and a CBDC would distribute the
bank rescue costs more equally. The bankruptcy of a single bank is less likely to impact the
economy and cause bankruptcies of their depositors due to liquidity shocks. At the same time other
solvent banks are less probable to default since their borrowers stay solvent. Previous research on
CBDC and financial stability was limited to the probability of bank runs. This research was focused

on the effects of a bank bankruptcy on financial instability when CBDC was introduced.
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The socialization of risk with CBDC also has implications for moral hazard. In a bailout regime,
moral hazard exists because banks are incentivized to grant risky loans, knowing they will be
bailed out by the government in case of bankruptcy. The same applies to the deposit insurance
system. Since all banks contribute to the insurance fund, regardless of their individual risk, banks
are incentivized to grant risky loans. With CBDC, moral hazard is similar to that in a bailout
regime. If banks receive unlimited funding from the central bank, they remain incentivized to grant
risky loans. In contrast, in a bail-in regime with bank deposits, there is no moral hazard under
normal conditions since banks grant loans based on the risk preference of their depositors.
However, during a digital bank run, depositors seeking a safer alternative to their deposits have no
option since cash is too costly to hold and handle. Consequently, banks may receive more funding
than they would with CBDC. Thus, moral hazard is present in all regimes, including bail-in, and
there is no indication that moral hazard with CBDC would be worse than in a bail-in regime. On
the contrary, if the demand for CBDC is in line with the supply of government bonds and these
are pledged as collateral there would be no moral hazard since the central bank is not required to

take any risks. Thus, CBDC may reduce moral hazard in these situations.

6.3 Disintermediation

This paper has shown that CBDC has effects on disintermediation and bank lending, but only if
introduced in specific environments. In a positive interest rate environment CBDC counteracts the
market imperfections in the deposit market by preventing the sticky deposit effect and thereby
prevents banks from making extra profits. This is in line with previous research belonging to the
literature strand that studies CBDC under imperfect market conditions intermediation (Andolfatto,
2018; Gross and Letizia, 2023; Niepelt, 2024). In a zero-interest environment no effect on
disintermediation can be observed and both types of money CBDC and deposits are quasi-
equivalent which is in line with the equivalence theorem by Brunnermeier and Niepelt (2019).
Overall, no trade-off can be observed. CBDC has either no or only positive effects from the
perspective of non-bank owners. In current economies with positive-interest rates the effects of
the first or third scenario may be realized. According to Guo and Prezas (2019), between 1986 and
2013 in the US insured deposits made up 76 percent and uninsured deposits around 14 percent of
total bank funding. While banks paid a positive spread on the uninsured deposits of 0.04 relative
to the risk-free T-Bill rate the spread on insured deposits was strongly negative with -0.74, which

indicates market imperfection due to the sticky deposits described earlier, as well as deposit
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insurance and too-big-to-fail guarantees. Consequently, banks fail to effectively intermediate
between insured depositors and loan demanders. This issue is even more pronounced with risk-
free remunerated excess reserves, where pass-through obviously fails (see Ricks et al. (2021)). If
CBDC is introduced and heavily demanded, the spread would be eliminated, and banks would pay
a competitive interest rate on their funding. Therefore, it can be argued that CBDC improves
intermediation by addressing the market failures of banks. On the other hand, the positive interest
spread or risk premium on uninsured deposits implies some form of intermediation. This was not
explicitly modelled in the bail-in scenario. However, during the digital bank run non-banks only
demand money with lower credit risk in the form of CBDC. Thus, banks cannot intermediate
between borrowers of loans and depositors since they cannot offer risk free deposits. The central
bank is the only institution that can offer an adequate supply of CBDC to match that demand for
money with lower credit risk. Overall, CBDC enables the intermediation between the central bank

and non-banks while transferring moral hazard problem from the depositors to the central bank.

One potential issue in the model arises with a bail-in regime after a digital bank run when CBDC
holders want to switch to riskier deposits, but banks only offer the policy rate because central bank
funding is cheaper for them than more expensive deposits (as described by Niepelt (2020)). In such
a scenario, the central bank needs to introduce a penalty rate into its monetary policy framework
to penalize additional funding from the central bank. In a bank run situation with high liquidity
demand, the central bank charges the regular policy rate for all granted loans. In contrast, during
normal times, the central bank needs to estimate the demand for remunerated and non-remunerated
CBDC and offer loans to match that amount at the regular policy rate. For any additional central

bank loans, a penalty rate, set above the regular policy rate, can be charged.

Furthermore, I made assumptions in this paper regarding bank behavior and the conditions at
which the central bank grant loans that may be violated in reality. In the model banks reduce their
dividends to maintain sufficient capital so that their loan supply is not affected by the CBDC
introduction. If this is not possible and banks want to retain their levels of dividend CBDC may
impact bank equity and loan supply. However, if loans are granted only due to extra profits and
resulting extra capital, this indicates a distortion in credit allocation, and CBDC would return credit
allocation to a “normal” level. Furthermore, authorities could lower capital requirements so that

banks can provide the same loan supply as before the CBDC introduction.
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In the model, banks receive central bank loans under the same conditions despite no collateral
requirements. This could be modified by allowing the central bank to charge risk-adequate interest
rates for different banks. In the model banks are relatively homogenous since their loan portfolios
are similar. But in reality, the risk between banks portfolios varies. The central bank may charge a
risk-adequate premium above the risk-free rate on central bank loans to account for that risk similar
to the risk premium paid on uninsured deposits in a bail-in regime (which is not modelled in this
paper). This could affect the allocation since the central bank may not be capable of monitoring
the risk of each bank in the same way as many depositors do. However, even if the central bank
had perfect information about the banks from the perspective of intermediation, this would make
no difference compared to charging only the risk-free rate from banks. During the digital bank run
there is always a mismatch between the risk of the bank’s assets and the risk preferences of
households and firms (Demand for risk-free means of payment). If the central bank charges the
premium, banks would maintain a riskier loan portfolio than households and firms are willing to
accept. If the central bank charges only the risk-free rate, banks would still hold risky loans but
with cheaper funding. The central bank could require banks to restructure their assets to the risk
profile of the CBDC holders but this would neither be possible due to the lack of risk-free assets.
Thus, whether there are specific loan conditions, moral hazard remains as discussed in chapter 6.2.
The risk premiums on central bank loans would only transfer the moral hazard gains from
commercial banks to the central bank. These gains would eventually increase central bank profits,

government spending and GDP if the government spends the whole amount, similar to scenario L.

Furthermore, in the model, banks are not required to pledge any collateral to the central bank in
exchange for receiving a loan. However, collateral requirements could significantly alter the
model's outcomes. If banks are required to pledge loans as collateral along with government bonds,
the outcome would not change since the amount of collateral required would match the amount of
central bank loans. This situation differs if the central bank requires only government bonds. In
the digital bank run scenario, the demand for CBDC would exceed the amount of government
bonds, potentially leaving banks unable to receive the required reserves, becoming illiquid, being
forced to fire sale their assets and becoming insolvent. This might also affect the one-to-one parity
between bank deposits and central bank money, as deposits are only convertible to a fraction of
central bank money. However, this can be prevented by a collateral policy which allows the central

bank to take risks. Historically, central banks have regularly accepted collateral of lower quality
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to keep banks liquid and have purchased private debt to reduce business funding costs (Bank for
International Settlements, 2023, 2015). Furthermore, the regulation of CBDC issuance could also
alter the collateral framework so that central bank loans related to CBDC require only low quality

collateral or no at all.

According to Bindseil (2020) CBDC would require the central bank to adjust its collateral
framework which shifts credit allocation toward the central bank and ultimately affects collateral
prices and may have negative effects on the efficiency of the economy. However, this argument is
one sided since if the demand for risk-free assets exceeds the supply of government bonds (Digital
bank run) in both economies with and without CBDC there is moral hazard and misallocation as

described before.
6.4  The possibility of equivalence

Brunnermeier and Niepelt (2019) argue that equivalence between private money (deposits) and
public money (CBDC) can be established with transfer payments between agents, so that CBDC
would have no economic effect at all. They also contend that this is not the case in the real world
due to the heterogeneity of households. This can be validated in the presented model. The results
of the different scenarios suggest that equivalence is established without any transfers in the
scenario where the interest rate is zero and a bailout regime is prevailing. In every other scenario,
equivalence cannot be established due to the heterogeneity of households and banks and the lack

of information on deposits and depositors.

With the different monetary policy regimes, the interest payment flows need to be redirected to
establish equivalence. In a corridor system the central bank’s profit from interest needs to be
redirected to households, firms and banks. In the floor system the extra interest gains of households
and firms need to be redirected to banks and their owners. With the different bank bankruptcy
regimes, the bank rescue cost flows need to be redirected. In the bail-in regime some theoretical
depositors of the bankrupt bank need to make transfer payments to all households while in the
deposit insurance system banks need to make payments to the deposit insurance fund. For all those
transfers deposit information is required. Households and firms need to choose a deposit supplying
bank despite not having any demand for deposits so that their theoretical deposit amount, and the

corresponding deposit interest rates of each bank can be determined.
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6.5 Implications for policy makers

There are implications for policymakers derived from the results of this paper. It was demonstrated
that CBDC has various effects depending under which circumstances a digital bank run takes
place. In the described environments, CBDC has shown to be a measure that can increase GDP,
reduce banks' extra profits, and enhance financial stability. When policymakers consider the
potential introduction of CBDC, these factors should be taken into account. However, this research
did not investigate whether CBDC is a more suitable measure for achieving these specific goals
compared to other measures. To reduce banks' extra profits, the government might also consider
introducing a tax on bank profits. To increase financial stability, the government might implement
an unlimited ex-post deposit insurance system or a bail-out regime, which may have similar effects
to CBDC. Furthermore, this research investigated the extreme case of a digital bank run where all
deposits are converted to CBDC. The demand will not necessarily be that high. Unremunerated
CBDC will most likely attract only bank depositors which are not safeguarded by the deposit
insurance system. In the US for example, they make up only 15 percent of deposits. In such an
environment, the GDP gains will be less than those modeled in this paper. However, remunerated
CBDC will very likely attract a big portion of bank depositors if the interest rate is higher than
those of bank deposits which would lead to the digital bank run and the described effects

concerning this scenario.
6.6 Implications for agent-based modelling

Lastly, this research extended the JMAB 2.0 model by incorporating reserves for non-banks,
government spending, sticky deposits, and different monetary policy and bank bankruptcy
regimes. Up to now it is the only large-scale macroeconomic AB-SFC model with CBDC since
the model of Gross and Letizia (2023) is limited to the banking system and households. Due to the
model's modularity and free availability, other researchers can reuse its components or the entire

model for their own studies.
7 Conclusion

This paper studied the macroeconomic effects of introducing a Central Bank Digital Currency
(CBDC) in a closed economy using an Agent-based Stock Flow Consistent (AB-SFC) Model.

Compared to previous studies, a digital bank run was investigated across various economic



What Difference Does Central Bank Digital Currency Make? Insights from an Agent-based Model 45

environments with different monetary policy and bank bankruptcy regimes. It was shown that non-
remunerated CBDC issued in a positive-interest environment with a ceiling system may increase
GDP when the government debt level is fixed, and central bank profits are allocated to government
spending. This occurs because the government spends all its interest earnings, whereas households
spend only a fraction of their interest earnings with a specific propensity. Non-remunerated CBDC
issued in a zero-interest environment has no impact since there is no distributional effect of the
interest payments. In a floor system where the interest rate on CBDC matches the policy rate,
CBDC counteracts deposit stickiness and redistributes bank profits from shareholders to
depositors. This improves the transmission of the policy rate to households and firms. The bank
bankruptcy regime also affects the outcome. While CBDC makes no difference in a bailout regime,
it does in a bail-in regime, where it decreases inequality and bank rescue costs for deposit holders,
potentially enhancing financial stability. Introducing CBDC within a deposit insurance system
postpones bank rescue payments, which creates an additional dynamic in GDP. It has been
demonstrated that the two major threats associated with CBDC—namely digital bank runs and
disintermediation—are unproblematic as long as the central bank acts as a lender of last resort.
Moreover, CBDC may improve intermediation in terms of balancing risks between banks’ assets

and liabilities, as well as providing risk-averse depositors with a risk-free option.

There are also opportunities for future research arising from this paper. The same model could be
applied to the Chicago Plan or Sovereign Money as well. The only adjustment for the Chicago
Plan would be that the central bank lends only against sufficient collateral in the form of
government bonds. Future research might calibrate the model with empirical data to forecast the
effects of CBDC for a specific economy or extend the portfolio choice of households so that the
CBDC demand is dynamic. Additionally, CBDCs might be compared to measures that have similar

effects on the economy, such as taxes on bank extra profits and ex-post deposit insurance systems.
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8 Appendix A

Symbol Description Scenario | Other Scenario

Exogenous parameters:

Yss Nominal rate of growth in the SS 0.0075
sizey, Number of households 8000
sizey, Number of consumption firms 100
sizeg, Number of capital firms 10
sizeg, Number of banks 10
Ny Number of public servants (constant) 1360
Nco Consumption firms’ initial workers 5000
Nio Capital firms’ initial workers 1000
Uy Initial unemployment 0.08
Uk Productivity of Capital 1
gh=ge Number of potential partners on C and K goods 5
markets
ga=¢gt Number of potential partners on deposit and credit 10
markets
&n Number of potential partners on labor mkt (for each 10

vacant job)
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Probability to switch K good supplier, C good

supplier, deposit demander and loan supplier
Firms' target inventories to sales ratio

Labor turnover ratio

Initial mark-up on NUC for C firms

Initial mark-up on ULC for K firms

Initial mark-up for banks

Log-normal Distribution parameters

Profit and Income tax rates

Loans duration

Capital goods duration

Target capacity utilization

Firms’ precautionary deposits as share of wage cost

Firms’ profits’ share distributed as dividends
Banks’ decay parameter for excess capital
Banks’ target capital adequacy ratio

Banks’ target liquidity ratio

Banks’ deposit insurance reserve target ratio
Central bank’s share of bond holdings

Initial CB interest rates on advances

Initial CB interest rates on reserves

Haircut on defaulted firms’ capital value
Initial wages

Propensity to consume out of net income
Propensity to consume out of net wealth
Portfolio weight of deposits

Portfolio weight of reserves

Bonds price

Inflation target of the central bank

Natural rate of interest

Smoothing parameter in Taylor rule
Adaptive parameters for firm sales expectation
Adaptive parameters for firm sales expectation
Adaptive parameter for firm markup
Adaptive parameter for C firm investment

Adaptive parameter for banks deposit interest rate

0.05

0.1
0.05

0.165

0.075

0.0025

(0,0.0094)

0.18

20

20

0.8

1.25

0.9

0.25

0.08

0.05

0 0.05 (VI)

0 1.0 (1T

0.015 0 (IL, IV, V, VI)
0 0.015 (1T

0.5

0.9
0.5

0.0075
0.0075
0.7
320
500
0.1

20
0.01
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ap Adaptive parameter for banks markup for loans 0.001

gt Smoothing parameter for level 0.05

pire Smoothing parameter for trend 0.05

BSES Smoothing parameter for simple exponential 0.05
smoothing

Endogenous

parameters:

Uy Productivity of labor in K sector 2

Iy Capital/labor ratio 6.4

iby Initial interest rate on loans 0.015

ibo Initial interest rate on loans 0.0175

ibo Initial interest rate on deposits 0.01425

ioo Bonds interest rate 0.015
Banks’ risk aversion towards C and K firms 7.1972

¢

NLRy, Banks’ initial net liquidity ratio 0

Ob Banks’ initial profit share distributed as dividends 0.80224

6 Ratio of dole to average wage 0.49459

Table 1: Model baseline exogenous and calibrated endogenous parameters

To be in line with the model developed in this paper the original model calibration for JIMAB 2.0
by Hess (2025) needed the following minor adjustments. Endogenous variables are bold in the
equations while exogenous are not. In the calibrations of each scenario the real consumption of
households (A.1) also considers central bank profits and central bank profits are excluded in the
derivation of bonds (A.2). In the calibration of the deposit insurance scenario the contribution to
the insurance system is subtracted from the profits in the calculation of bank dividends (A.3).
Additionally, the deposit insurance fund in the steady state is calculated with the deposit insurance

reserve ratio target multiplied by the bank’s deposits (A.4).

., (A.1)
Pc

Ch=Yc—

B,i® (A.2)

9ss_p - N W + 0W (sizey, — Nyot) = Tp — To — Ty — Ty + —2—
gss+1

gss+179
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gss_p (A.3)

Divy = pylly(zy — 1) — —I55_

R, = DIRR"(D. + Dy, + Dy) (A.4)
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