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1. Introduction

Digital technologies are disrupting sector after sector of the economy,
and money and payments are no exception. As economic activity
increasingly moves online, technological innovations are also affect-
ing the way consumers pay and the underlying infrastructure used
to serve them. Even new attempts to create money have arisen, in
the form of private cryptocurrencies and stablecoins. These have
so far not taken off as a means of payment, yet their emergence
has opened a debate on what money should look like in the digital
age, and who should issue it. In this light, central banks around the
world are researching and developing central bank digital currencies
(CBDCs)

CBDCs can be meant either for wholesale use—i.e., only for
transactions between financial institutions—or retail use, meaning
they are open to the general public. Wholesale CBDCs allow for new
ways to make central bank money available to regulated financial
institutions. Retail CBDCs differ fundamentally from today’s elec-
tronic money in the hands of households and non-financial firms,
which is a liability on a financial institution. Retail CBDCs, like
cash, are a direct claim on the central bank.

While the notion of providing electronic central bank money
directly to the public is not neWE it has been gaining trac-
tion recently. Attitudes about whether central banks should issue
CBDCs—in particular, retail CBDCs—have changed noticeably
since 2019. Only a few years ago, most central banks had consid-
ered CBDCs but expressed concern about systemic implications that
warranted caution (Barontini and Holden 2019). But over time, the
need to respond to the declining use of cash in some countries came
to the fore, and a number of central banks have warmed to the
idea of issuing a CBDCH A tipping point was the announcement of

!CBDCs are defined as digital payment instruments that are denominated in
the national unit of account and a direct liability of the central bank (Bank for
International Settlements 2020, 2021; Group of Central Banks 2021).

’Indeed, Tobin (1987) argued that the central bank should make a safe
“deposited currency” accessible to the public.

3Neither electronic money nor the discussion on the central bank’s role in
providing it directly to the people is new. In the context of CBDCs, Broadbent
(2016), Liikanen (2016), Menon (2016), Mersch (2016), Nakaso (2016), Skingsley
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Figure 1. CBDCs: The Next Hype or
the Future of Payments?
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!Twelve-month moving sum of the count of central bankers’ speeches resulting
from a case-insensitive search for any of the following words/phrases: CBDC;
central bank digital currency; digital currency and digital money.
2Three-month moving average of worldwide search interest. The data have been
normalized to the three-month moving average peak of each series. The search
was run on search terms “Bitcoin” and “Facebook Libra” and topic “Central
Bank Digital Currency.” Data accessed on January 16, 2022.

Sources:[BIS Central Bankers” Speeches} central banks’ websites; Google Trends;
authors’ calculations.

Facebook’s Libra (later renamed to Diem) and the ensuing public
sector response. In late 2020, central banks representing a fifth of the
world’s population reported that they were likely to issue CBDCs
very soon (Boar and Wehrli 2021). During the COVID-19 pandemic,
social distancing measures, public concerns that cash may trans-
mit the COVID-19 virus, and new government-to-person payment
schemes further sped up the shift toward digital payments (see Auer,
Cornelli, and Frost 2020a). This gave a further impetus to CBDC
projects in many countries. Meanwhile, the need to improve cross-
border payments and securities settlement has remained a driver for
wholesale CBDC work

CBDCs have seized global attention and feature broadly in cen-
tral bank communications and public search interest (Figure 1).

(2016), and Wilkins (2016) were among high-level policymakers who argued early
on that the idea should be taken seriously.

4The issuance of wholesale CBDCs is much less contentious. See Bech et al.
(2020) and Pfister (2020).
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As of early 2022, three retail CBDCs have been launched (in the
Bahamas, the Eastern Caribbean, and Nigeria), a large-scale pilot
is ongoing in China, and major reserve central banks like those of
the euro area, Japan, and the United States are stepping up their
research and experimentationﬁ Yet many open questions are the
focus of a rapidly growing literature (Auer et al. 2022). One aspect
is how central banks should create money and whether CBDCs are
desirable in that context/§ Another aspect is the systemic implica-
tions of CBDCs, e.g., whether they would disintermediate private
banks, deposit taking, and lending to the real economy, and how to
cope with these effects[] There is a budding literature on the inter-
national dimensions of CBDC issuance, including the potential for
changes to monetary policy effectiveness, “digital dollarization,” and
international reserve currency competitionﬁ Another strand of liter-
ature looks at the case for CBDCs to maintain privacy in payments
Finally, the technology of retail CBDCs and how they relate to pri-
vate sector proposals is hotly contested (see Brunnermeier, James,
and Landau 2019; Clark and Mihailov 2019; Vives 2019; Auer and
Bohme 2020, 2021; and Klein, Gross, and Sandner 2020).

To shed light on these issues, this study analyzes the cross-
country economic and institutional factors that correlate with
CBDC projects. A first step is to understand the status, policy
approaches, and technical design of the various projects, and next to
look for commonalities and differences across countries. The ques-
tions this paper aims to answer are as follows: Which economic
and institutional factors are associated with central bank work on
CBDCs? What are the technical solutions sought?

®See Bank of Japan (BOJ) (2020), Fan (2020), ECB (2020), People’s Bank of
China (PBC) (2021), and Federal Reserve Board (FRB) (2022).

5See Kim and Kang (2019), Armelius, Clausen, and Hendry (2020), Armelius
et al. (2020), Jackson and Pennacchi (2021), and Keister and Sanches
(2023).

"See Brunnermeier and Niepelt (2019), Bindseil (2020), Carletti et al. (2020),
Keister and Monnet (2020), Kwon, Lee, and Park (2020), Andolfatto (2021), and
Ferndndez-Villaverde et al. (2021).

8See Auer et al. (2021), Chorzempa (2021), and Ferrari, Mehl, and Stracca
(2022).

9See, e.g., Garratt and Lee (2021), Garratt and van Oordt (2021), and Agur,
Ari, and Dell’Ariccia (2022).
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To assess the former question, we develop a novel CBDC project
index based on central bank research and development (R&D)
projects. We empirically investigate common factors in countries
that are investigating and piloting CBDCs, of either the wholesale
or retail variant. We find that higher mobile phone use and higher
innovation capacity are positively associated with the likelihood that
a country is currently researching or developing a CBDC. Retail
CBDCs are more likely where there is a larger informal economy,
and wholesale CBDCs are more advanced in economies that have
higher financial development.

To assess technical solutions, we look at four attributes of
CBDC technical designs, following the taxonomy of Auer and Bohme
(2020), the CBDC pyramid. We show that many central banks are
considering “hybrid” or “intermediated” architectures where the
CBDC is a cash-like direct claim on the central bank, but the pri-
vate sector manages customer-facing activity. Only a few central
banks have considered designs in which the central bank takes on an
important operational role in the customer-facing side of payments,
generally as a complement to services by the private sector. None
of the central bank reports favor a design with indirect claims on
the central bank (referred to as an “indirect” architecture). Central
banks are considering both distributed ledger technology (DLT) and
conventional technological infrastructures, with many considering
multiple technological options simultaneously. Nevertheless, access
frameworks tend to be based more often on account identification
rather than allowing for token-based fully anonymous access. More
and more CBDC projects explicitly envisage international use, e.g.,
by non-resident visitors and for cross-border payments.

The rest of the paper is organized as follows. Section 2 describes
our data and empirical analysis on CBDC projects. Section 3 dis-
cusses policy approaches and technical design. Section 4 concludes
with policy implications and avenues for future research.

2. Cross-Country Factors Behind CBDC Development

Several global developments—including the digitalization of com-
merce, the proliferation of private digital currencies, and specific
policy concerns around financial inclusion, informality, or data
privacy—have recently driven increased interest in CBDCs (Auer et
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al. 2020). Yet the economic and institutional motivations for issuance
vary across countries. In this section, we first develop a novel CBDC
database on central bank CBDC projects, alongside speeches, Inter-
net search interest, and a range of economic and institutional vari-
ables. Next, we investigate the factors that correlate with CBDC
projects. Specifically, we want to find commonalities in why cen-
tral banks choose to embark on—or step up—CBDC efforts in some
countries more than in others, using cross-section regressions. This
will also help us to understand how they design CBDC projects.

2.1 A Nowvel CBDC Database

We start by generating a novel global index measuring central banks’
progress toward the development of a retail or wholesale CBDC: the
CBDC project index. This index captures publicly announced work
by the central bank on CBDC projects. We construct this index
based on publicly available reports by central banks. This extends
the initial stocktaking exercise of Auer, Cornelli, and Frost (2020b),
which focused only on retail CBDC as of early 20209 The infor-
mation on CBDC projects was collected through desk research and
with the help of contacts at several individual central banks[]

Starting from these reports, we assign the CBDC project index
score based on the following rules:

e Score of 0 for jurisdictions without any CBDC work publicly
announced by the central bank.

e Score of 1 for research reports. These are CBDC projects that
are still in early stages. The reports are just a theoretical dis-
cussion of CBDC in general or of the potential CBDC model
envisaged, without any practical testing or implementation.
Additionally, at this stage there is no third-party or external
actor involvement.

OCompared with that earlier stocktake, we include wholesale CBDCs and
newer projects (now through January 2022). Moreover, we complement this with
data on speeches and search interest (discussed below), and we conduct empirical
analysis.

M The list of projects is broadly consistent with other stocktakes, such as Kiff
et al. (2020), Atlantic Council (2020), and Mikhalev et al. (2021). Unlike these
sources, we only take account of official central bank communications, not press
articles.



Vol. 19 No. 4 Rise of the Central Bank Digital Currencies 191

e Score of 2 for pilot projects. These projects flesh out the
details of a pilot or proof-of-concept (PoC). This stage requires
applied technological development, experimentation, and the
involvement of external actors. We can confidently say that
these reports indicate a more advanced stage of CBDC work[3

e Score of 3 for live CBDCs. This score is given when a CBDC
is rolled out for large-scale use. As of our cut-off date, three
central banks had live retail CBDCs, while no central bank
had yet rolled out a wholesale CBDC.

Each score is sequential—i.e., to reach a score of 3 a central bank
had gone through the pilot or PoC stage and the research stage. For
each jurisdiction, the overall index is the maximum of the retail and
wholesale sub-indices. In the following, we use data as of January
20225

Construction of the index requires some judgment. For instance,
we consider only jurisdictions that have a central bank or monetary
authority that could in theory develop a CBDC[H Currency unions
require special consideration. Currency unions without national cen-
tral banks are considered one observation, with all independent vari-
ables calculated as weighted averages according to 2018 GDP. For
instance, the Eastern Caribbean Currency Union (ECCU), served
by the Eastern Caribbean Central Bank (ECCB), is included as a
single observation comprising the eight member states[™ For the
euro area, which features national central banks in addition to the
ECB, we include an observation for the euro area as a whole (with
a project score of 1), and each of the 19 euro-area members (with 0

12YWe include completed pilots, e.g., those by the Central Bank of Uruguay in
2017/8 and the National Bank of Ukraine in 2018. We also include Ecuador’s
Dinero Electrénico, which was launched in 2014 and discontinued in 2018. See
Arauz, Garratt, and Ramos (2021).

13Regular updates to the database are made available on the authors’ websites
(https://www.bis.org/publ/work880.htm)).

' Countries without a central bank are dropped. This means, for instance, that
the Marshall Islands are not considered. The SOV project, which involves a pri-
vate sector developer, is generally not understood as a CBDC. See International
Monetary Fund (IMF) (2018).

15Gimilarly, the countries of the West African Economic and Monetary Union
(WAEMU) are consolidated as one observation (project index of 0), as are the
members of the Economic Community of Central African States (ECCAS).
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or 1, depending on whether the national central bank has published
any CBDC research) Full links to public sources are available as
part of the background documentation.

In the total sample of 176 countries or currency areas, 68 had
a non-zero value for the CBDC project index as of January 2022.
This included 66 retail CBDC projects. In the other 108 countries or
currency areas without any communication on CBDC, the project
index takes the value of 0.

The information on CBDC projects is complemented by a central
bank speech score, which reflects the stance on CBDCs in speeches
by governors and board members of central banks. This score is
obtained by classifying the stance of each central banker speech
containing at least one keyword from the following list: "CBDC?”,
“Central Bank Digital Currency”, “digital currency,” or “digital
money” (with a manual check to ensure it refers to CBDC and
not private digital currencies). Speeches come from the Bank for
International Settlements (BIS) central bankers’ speeches data-
base (www.bis.org/cbspeeches/), a comprehensive database collect-
ing central bankers’ speeches as published on the BIS website for
a wide selection of central banks and international organizations
Speeches are added to the database regularly, and many are trans-
lated from other languages into English by the domestic central
bank. As of our cut-off date, the database counted 17,448 speeches,
covered a period of more than 25 years (1997-2022), and had a wide
geographical coverage (104 countries and 116 institutions). A query
yielded a set of 242 speeches that contained at least one of the key-
words of interest. The resulting sample covers the period December
2013—-January 2022 and speeches from 45 central banks, including
those of the euro area and several of its member countries/'3

After compiling relevant speeches, we go through each and clas-
sify them by interpreting the stance of the speech towards adoption

Y Empirical results are robust to treating the euro area as one observation.

"In addition to speeches by central bankers, many governments and parlia-
ments have published reports or made statements on CBDCs. See, for instance,
the U.K. House of Lords (2022) or the White House (2022). These reports and
statements are not included in our database.

18When the speaker was an ECB official, we labeled the speech as euro area.
Conversely, if the speaker was an official of a national central bank member of
the Eurosystem, we labeled the speech as the corresponding country.
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of CBDC or CBDC more in general. Each speech score can take a
value of either —1, 0, or +1 according to the specific speech stance.
A value of —1 is given if the speech stance was clearly negative or
if it was explicitly said that there was no specific plan at present to
issue a digital currency. The score takes a value of 0 in the case of
a neutral stance. Finally, it takes a value of +1 if the speech stance
was clearly positive or a project was launched or was in the pipeline.
The country-level speech score is calculated as a simple average of
the individual scores to date.

Finally, in order to gauge public interest in CBDCs, our data-
base also includes an Internet search interest score. The score reflects
both interest by residents in the idea of a CBDC, and how widely the
public knows about any central bank plans to introduce a CBDC.
The score is estimated as a simple average of the interest score
from Google Trends for the keywords “CBDC” (search word) and
“Central Bank Digital Currency” (topic) over the period January
2013-January 2022. The resulting two values for each country range
between 0 (no searches) and 100 (maximum level) and are aver-
aged to arrive at the score. For China, we used the Baidu index for
keywords “Central Bank Digital Currency” and “DC/EP” (the Dig-
ital Currency /Electronic Payment program) or “e-CNY” (electronic
Chinese yuan). We have rescaled the values to make them compara-
ble to Google Trends figures (i.e., values range between 0 and 100)
and applied the same procedure described above.

For each of the indicators described above, we replace country-
level missing observations with zeros. This choice is consistent with
the absence of a project (research or pilot), a neutral stance towards
the development of a CBDC (speech score), or a lack of public
interest (as captured by the search intensity score).

These indicators—made available with the paper—can help to
gauge the project work on CBDCs in specific countries and to com-
pare it with communications by central banks and public interest.
The CBDC project index, and the speech and search interest scores,
display substantial variance in the cross-section. Naturally, the three
variables are correlated with one another, as central bank board
members often use speeches to broadcast project work, and public
search interest is higher where central banks have communicated

that they are working on a project (see pairwise correlations in
Table 1).
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There are necessarily caveats to these measures. For instance,
many central banks have not publicly released reports on their ongo-
ing CBDC projects. Some central banks (e.g., the People’s Bank of
China) have quite advanced projects, but have given relatively few
speeches on their plans. In some jurisdictions, Google (or Baidu)
is not widely used for Internet searches. Still, the index can pro-
vide a comparable yardstick to assess changes across countries and
over time. Moreover, this can provide a useful complement to the
anonymized responses of central banks through official surveys. In
the next section, we try to explain the cross-country heterogeneity
in the CBDC project index.

2.2 Ezamining the Cross-Country Factors
Behind CBDC' Projects

In this section we investigate the factors that correlate with the
CBDC project index. To complement central bank surveys and offi-
cial motivations, we look at “revealed policy preferences,” i.e., the
economic and institutional factors that are associated with central
banks’ actual work on overall, retail, or wholesale CBDCs. Our cross-
section estimations use an ordered probit approach (McKelvey and
Zavoina 1975) and take the form of

PT‘Ob(CBDCPIZ =0,1,2, 3‘.%’1) =F (Oé + Bx; + 6i) R

where Prob(CBDCPI; = 0,1,2,3|x;) is the probability that the
CBDC project index (overall, or for retail or wholesale projects)
in jurisdiction i equals 0 (no project), 1 (research), 2 (pilot), or 3
(live CBDC); F() is the functional form of ordered probit; X; is one
or more variables from a vector of potential factors; o and ( are
estimated coefficients; and ¢; is an error term.

Some potential factors behind CBDC development can be related
to a country’s technological capability to develop and deploy a
CBDC. Focusing on indicators from reliable sources that are avail-
able for a wide cross-section of countries, we include in our analysis
the following indicators:

o Digital Infrastructure: Jurisdictions with greater mobile phone
use (mobile cellular subscriptions per 100 people) or Internet
use (fixed-line broadband subscriptions per 100 people) may
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have a more developed infrastructure for the central bank to
develop CBDCs. Data on both come from the World Bank.

e Innovation Capacity: Jurisdictions with a higher innovation
score overall, and hence the ingenuity and R&D potential to
support central banks in designing a new CBDC ecosystem,
may be more likely to see CBDCs. Data come from the World
Intellectual Property Organization (WIPO) Global Innovation
Index, which aggregates measures in the political environ-
ment, education, infrastructure, and business sophistication
(WIPO 2018). To look at the innovation capacity of the cen-
tral bank itself, we have a dummy for countries that have in
place or plan to institute a retail fast payment system (FPS).
Data for this come from Bech and Boar (2019).

e [Institutional Quality: Jurisdictions with higher government
effectiveness may be more likely to launch CBDC projects.
Data come from the World Bank. Conversely, central banks in
jurisdictions with a large informal (“shadow”) economy may
have greater interest in creating a data trail for transactions
and thus promoting use of a digital currency. Estimates of the
size of the informal economy come from Medina and Schneider
(2019).

On the other side, countries may differ in their perceived demand
for a CBDC. To proxy these factors, we include the following
indicators:

e Development and Financial Inclusion: Countries that are
more developed, as measured by GDP per capita, may see a
higher demand for new digital payment methods. Yet all else
equal, jurisdictions with lower access to transaction accounts
may see a greater need for retail CBDCs as a financial
inclusion policy. Data come from the World Bank Findex["

19We have also looked at various measures of cash use, such as small-
denomination bank notes to GDP. These are available from the CPMI Red Book
statistics, but unfortunately for only 18 jurisdictions. A broader measure of cash
in circulation, available for 149 jurisdictions, is positively associated with the
CBDC project index in the univariate setting, implying that CBDC projects are
more advanced where cash in circulation is increasing. Yet this measure may
include large bills held as a store of value. Moreover, it is insignificant when
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Meanwhile, jurisdictions with higher financial development
may have greater demands on innovative solutions for whole-
sale settlement; data for this are available from Svirydzenka
(2016). Finally, countries with greater market power in the
banking sector, as measured by the Lerner index of banking
sector markups, may see greater need for policy interventions
to increase competition in payments. Data on the Lerner index
come from Igan et al. (2021).

o ('ross-Border Transactions: while most CBDCs serve a domes-
tic purpose, one could expect that some types of CBDCs (e.g.,
wholesale projects for cross-border interbank settlement or
migrant remittances) may be more likely in more internation-
ally integrated economies. Trade openness (the sum of imports
and exports over GDP) can proxy for cross-border demand for
new payment options for goods and services. Remittance flows
(inflows and outflows divided by GDP) gauge the economic
importance of migrants’ remittances. Again, both series come
from the World Bank.

Table 2 gives descriptive statistics for our sample.

The CBDC project index has 176 observations and it takes val-
ues ranging from 0 to 3. Mobile cellular subscriptions range from 13
per 100 people (North Korea) to 321 (Macao), and GDP per capita
ranges from USD 281 (Burundi) to USD 110,343 (Luxembourg). For
some key variables (e.g., the innovation output score, estimates of
the informal economy, account ownership, and remittances) coverage
is lower but generally still well above 100 jurisdictions.

Table 3 displays our univariate regression results. We can con-
firm that the CBDC project index is strongly associated with higher
mobile phone and Internet use, a higher innovation capacity, an
existing or planned FPS, and greater government effectiveness.
Somewhat against our expectations, there is a negative association
with the informal economy in these univariate estimations; as we
will see below using a multivariate approach, this relates to the

controlling for other factors. Overall, declining cash use is not a consistent indi-
cator of CBDC work across our global sample—even if it may be important in
individual jurisdictions (e.g., Sweden).
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correlation of this variable with mobile phone use and other pos-
itively associated covariates. Further, when it comes to those factors
potentially affecting the demand for CBDC, we find CBDC projects
to be more advanced where there is higher GDP per capita, higher
account ownership, and greater financial development. Banking sec-
tor markups show no significant association with CBDC project
work, and remittances are negatively correlated. Univariate results
are also very similar for the retail and wholesale indices separately
(unreported for brevity but available upon request).

Of course, these simple regression coefficients need to be inter-
preted with great care, as many of the regressors are collinear. More
advanced economies tend to have stronger digital infrastructures, to
be more innovative, and to feature more effective goverments and
smaller informal economies. Moreover, isolating individual factors is
complicated by the fact that sample size for some indicators is more
limited, thus not allowing us to include all possible regressors at the
same time.

To better control for multiple country characteristics, Table 4
displays multivariate ordered probit regression results for the over-
all CBDC project index, and for retail and wholesale CBDCs. The
results confirm that overall projects are more likely where there is
greater use of mobile phones and greater innovation capacity (col-
umn 1). We further find that, controlling for mobile phone use, there
is a significant positive association with the size of the informal econ-
omy and financial development for the overall project index (column
2). We do not find a significant link with trade openess.

Retail CBDCs also appear to be more advanced in jurisdictions
with high innovation capacity and where the informal economy is
larger, all else equal (columns 3 and 4). There is actually a negative
association with trade openness, ceteris paribus; this could reflect
that retail CBDC projects are easier to implement in jurisdictions
with fewer international trade ties and a more domestically focused
economy.

Wholesale CBDCs are positively correlated with financial devel-
opment, which could reflect the focus of such projects on increas-
ing the efficiency of wholesale settlement (column 5) This is also

29The innovation output score is not included, given its high correlation with
financial development (81 percent).
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apparent in the more parsimonious specification (column 6) The
link with trade openness is not significant. While many wholesale
projects focus on the cross-border dimension, it thus seems that
domestic financial development is more consistently correlated with
the stage of wholesale CBDC project work.

To quantify the economic significance of these results, we report
in Table 5 the predicted probabilities at mean values and after a one-
standard-deviation increase in each variable at a time. For example,
as shown in column 1, at mean values of all variables, a country has
a 49 percent probability of not doing any work on CBDCs, a 31 per-
cent probability of conducting research, a 20 percent probability of
a testing pilot, and a 0.6 percent probability of rolling out a live
CBDC. A country with a one-standard-deviation increase in mobile
phone subscriptions (ceteris paribus) has a 33 percent probability
of research, a 26 percent probability of a pilot, and a 1.1 percent
probability of a live CBDCP3 A one-standard-deviation increase in
the innovation output score is associated with probabilities of 33
percent, 30 percent, and 1.5 percent, respectively.

With respect to retail CBDCs, a one-standard-deviation increase
in the size of the informal economy is associated with a 46 percent
probability for research (6 percentage points higher than mean val-
ues), 19 percent for a pilot (8 percentage points higher than mean
values), and 1.4 percent for a live CBDC (1 percentage point higher
than mean values) (column 3). This result, obtained only when con-
trolling for other factors, could relate to a desire by authorities to
have a data trail for transactions, as discussed above. An increase by
one standard deviation in financial development is linked to a 13-16
percent probability of wholesale research and 21-28 percent proba-
bility of a wholesale pilot, depending on the specification (columns
5 and 6).

2The Lerner index of banking sector markups is also positively associated
with greater wholesale CBDC work, at the 95 percent confidence level—but its
inclusion implies a much lower number of observations (unreported but available
upon request). This implies that wholesale CBDC work is more advanced where
the potential efficiency gains from greater competition in the banking sector are
larger, other factors equal.

22There are necessarily caveats to this simple calculation given the non-linear
nature of the ordered probit and correlation between the independent variables.
For a discussion of interpretation issues in logits, probits, and other non-linear
probability models, see Breen, Karlson, and Holm (2018).
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3. Policy Approaches and Technical
Design of Retail CBDCs

We have thus far established that CBDCs are more likely to be under
research and development in jurisdictions with high mobile phone
use, innovation capacity, and financial development, with some dif-
ferences across retail and wholesale CBDCs, notably with respect to
the informal economy. We have also noted that CBDC projects dif-
fer across countries, with regard to their economic and institutional
motivations, policy approach, and their technical design.

In what follows, we focus on the 66 retail CBDC projects in our
sample. We explore four key technological attributes of retail CBDC
projects.

3.1 Attributes of Retail CBDC' Projects

Approaches to CBDC design are heterogeneous across countries,
requiring us to distill the main design choices and the dimensions
along which national approaches differ. One way to classify design
approaches is the “CBDC pyramid” (see Auer and Bohme 2020).
This approach starts from the consumer needs that a retail CBDC
could address, identifies associated technical design trade-offs, and
then derives the design choices. The scheme of design choices forms
a hierarchy in which the lower, initial layers represent design deci-
sions that feed into subsequent, higher-level decisions. To reflect this
hierarchy, the choices can be thought of as a pyramid.

The first and foundational design choice is the architecture, i.e.,
which operational role the central bank and private intermediaries
take on in a CBDC. Intermediaries can run into technical difficulties
or solvency issues. A CBDC should be safe from such outages. Yet
payment intermediaries offer valuable services to consumers, which
are needed to ensure the same level of convenience, innovation, and
efficiency as in today’s payments. The architecture needs to balance
these two considerations.

We draw on the classification in Auer and Béhme (2021) by clas-
sifying various proposals for CBDC design into three CBDC' archi-
tectures and a fully backed alternative. These differ in the structure
of legal claims and the record kept by the central bank. They are as
follows:
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e Direct CBDC: a payment system operated by the central
bank, which offers retail services. A CBDC is a direct claim
on the central bank. The central bank maintains the ledger of
all transactions and offers retail payment services.

e Hybrid CBDC: an intermediate solution that runs on two
engines. Intermediaries handle retail payments, but the CBDC
is a direct claim on the central bank, which also keeps a cen-
tral ledger of all transactions and operates a backup technical
infrastructure, allowing it to restart the payment system if
intermediaries fail.

o [ntermediated CBDC: an architecture that is a variant of the
hybrid CBDC but in which the central bank maintains only a
wholesale ledger, rather than a central ledger of all retail trans-
actions. Again, the CBDC is a claim on the central bank and
private intermediaries execute payments. For the purposes of
this paper, this will be considered alongside the hybrid model
in our stocktake.

In addition to these three generally recognized retail CBDC archi-
tectures, another approach is the indirect provision of CBDC to
financial intermediaries. Thus:

e Indirect Architecture: a payment system operated by interme-
diaries that resemble narrow payment banks. Consumers have
claims on these intermediaries, which operate all retail pay-
ments. These intermediaries need to fully back all liabilities
to retail clients with claims on the central bank 3

We note that, as this does not allow the consumer to directly

access central bank money, many central banks do not recognize
this architecture as a retail CBDCP4

#3See Adrian and Mancini-Griffoli (2019), who refer to this as “synthetic
CBDC,” and Kumhof and Noone (2019).

*TFor example, Bank of England (2020), Sveriges Riksbank (2020), and for the
case of Canada, Shah et al. (2020) only consider architectures featuring direct
claims on the central bank. The Group of Central Banks (2020), which includes
central banks from the G-7 countries and others, states explicitly that “synthetic
CBDC is not a CBDC.”
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The second technical design choice regards the infrastructure.
A CBDC must be secure from outages at the central bank. The
infrastructure can be based on a conventional centralized database
or instead on DLT. These technologies differ in their efficiency and
degree of protection from single points of failure. DLT often aims to
replace trust in intermediaries with trust in an underlying technol-
ogy. Calle and Eidan (2020) describe some of these proofs-of-concept
in detail. Also noteworthy is that all central banks experimenting
with DLT use permissioned variants, where operators can decide
who is admitted to the network. No central bank report examined
in this study has ventured to rely on permissionless DLT, as used
for Bitcoin and many other private Cryptocurrencies

The third choice concerns how consumers can access the CBDC.
Account-based CBDCs are tied to identification, which can serve
as the basis for well-functioning payments with sound law enforce-
ment. Yet access is likely to be difficult for one core target group: the
unbanked and individuals who rely on cash. There may be challenges
to match the qualities of cash as an inclusive, crisis-proof, and anony-
mous means of payment (Pichler, Summer, and Weber 2019). An
alternative is to base access on so-called digital tokens Pd This allows
for value-based payment options—for example, pre-paid CBDC bank
notes that can be exchanged both physically and digitally. Yet this
also brings new risks of illicit activity and counterfeiting.

Closely tied to the domestic access framework is the fourth design
choice, the use of CBDC for cross-border payments, which relates to
international interlinkages in a CBDC’s design and its accessibil-
ity for residents versus non-residents. Token-based domestic access
would naturally be open to anyone, including non-residents. But

%5See Auer (2019) for a discussion of the inefficient economics of permissionless
models, Ali and Narula (2020) for a specific analysis of permissioned and permis-
sionless DLT in the context of CBDCs, and Auer, Monnet, and Shin (2021) for
a general discussion of the economics of distributed ledgers.

2Importantly, this definition of token versus accounts must not be confused
with the one used in the field of computer science. Rather, it follows Kahn and
Roberds (2009). As put by Kahn (2016), the distinction between accounts and
tokens are the identification requirements: “In a token-based system, the thing
that must be identified for the payee to be satisfied with the validity of the pay-
ment is the ‘thing’ being transferred—*is this thing counterfeit or legitimate?’ In
an account-based system, however, the identification is of the customer—Is this
person who she says she is? Does she really have an account with us?’”
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Figure 2. Number of Retail CBDC Projects
Investigating Each Design Option
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Note: Interm. = intermediated; Multiple = two or more options among

direct, hybrid, and intermediated under consideration; Undecided = undecided/
unspecified or multiple options under consideration; DLT = distributed ledger
technology; Conv. = Conventional; Token/account = tiering of token- and
account-based access; Natl = national use; Intnatl = international use.

Source: authors’ calculations, as of January 2022.

central banks may allow for use by non-residents (while visiting the
jurisdiction, or from abroad) in systems based on identification, as
well. Some central banks may even see a role for CBDCs to support
lower-cost and faster cross-border payments.

3.2 Dwersity of Retail CBDC' Designs

Figure 2 classifies the attributes of ongoing retail CBDC projects.
Among the retail CBDC projects in our sample, we find a wide vari-
ety of approaches to architecture, infrastructure, access, and interna-
tional interlinkages. On architecture, we find that only two central
banks have considered a direct model, both as part of early-stage
research projects. A much larger group—22 central banks—are con-
sidering the hybrid or intermediated options, with a strong role for
the private sector in retail services. Six central banks are consider-
ing multiple options (i.e., hybrid or intermediated, direct); in some
of these cases, the direct model is being considered as a potential
“public option” that could be offered alongside services by private
sector intermediaries, rather than a purely public CBDC system.
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Meanwhile, one central bank (HKMA) is considering both the inter-
mediated and the indirect model. A group of 35 central banks has
not yet specified the architecture. Overall, most central banks that
have made a decision are considering options in which the CBDC is
a direct cash-like claim on the central bank, but where the private
sector handles all customer-facing activity.

Regarding infrastructure, we find 7 central banks running their
prototypes on DLT, 7 with conventional technology, and 12 consid-
ering both (Shah et al. 2020). Yet these infrastructure choices are
often for first proofs-of-concept or pilots. Only time will tell if the
same choices are made for large-scale designs. In practice, designs
may feature elements inspired by DLT but rely on trusted inter-
mediaries. Among access methods, account-based access appears to
be the most common to date, with 10 central banks clearly leaning
toward account based, 4 looking at token based, and a further 9
looking at both account- and token-based access.

Finally, while many of the retail CBDC projects in our sample
were initially focused on domestic use, a growing number explicitly
target use by non-residents or the potential of CBDCs to support
cross-border payments. Additionally, several projects—by the ECB;
the central banks of France, Spain, and the Netherlands; and the
ECCB—are by construction focused on cross-border use among the
members of a multi-country currency area.

4. Conclusion

This paper has examined the rise of central bank digital currencies, a
new payment technology studied by central banks around the world.
We have presented a novel CBDC project index. We have shown
that this index is higher in jurisdictions with higher mobile phone
usage and higher innovation capacity. Especially retail CBDCs are
more likely where there is a larger informal economy, and wholesale
CBDCs are more advanced in economies that have higher financial
development. We have also noted that CBDC projects differ across
countries, both in their motivations and in their economic and tech-
nical design. Many central banks are pursuing models where a CBDC
is a direct claim on the central bank, but with retail payment services
performed by private intermediaries.
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Given the novelty of CBDC, and the scope for “clean-slate”
thinking on the nature and provision of money, it is natural that
the approaches will differ across countries, in line with economic cir-
cumstances and users’ priorities. In countries where digital payments
are already very advanced, central banks may respond in particular
to ensure greater competition and privacy and the ongoing avail-
ability of a public-sector-provided means of payment. In countries
with a lower penetration of digital payments, financial inclusion may
be an important driver. The choice of architectures, infrastructures,
access, and interlinkages will be tailored to fit local circumstances.

Yet our overview has also shown some key common features. In
particular, none of the designs we survey is intended to replace cash;
all are intended to complement it. Most still involve a strong role for
intermediaries—although potentially in parallel to direct provision
of some services by central banks. And a growing number of cen-
tral banks are considering use of CBDCs for cross-border payments.
We believe that by sharing information on the drivers, approaches,
and technologies, central banks can learn from one another, thus
complementing international policy work in this area.

Going forward, events such as the COVID-19 pandemic high-
light the value of access to diverse means of digital payments, and
the need for any payment method to be both inclusive and resilient
against a broad range of threats, just as cash is. While it is diffi-
cult to anticipate the range of challenges ahead, central banks will
continue to take a long-term view and carefully consider the role of
CBDCs in a range of potential future scenarios.
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