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necessity of CBDC, benefits, technological and design aspects.
I propose that CBDC is a subject of economic and technological
solution and propose a “Digital Currency Readiness Index”. This
novel composite index includes recent data on institutional, financial,
economic and technological features to measure if a country is ready
or not to adopt a digital money.
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1. Introduction

Money has three primary functions; a unit of account which enables the
measurement of value, a store of said value and a mechanism to exchange it. Throughout
history, starting with barter, a system of exchange has evolved from proxies, such
as seashells, precious metals and to fiat money. Today, value is exchanged through
plethora of ways with physical cash, through text messages or over the internet. The
advent of cryptocurrencies starting in 2010, and during the 2017 bubble, has ignited
great interest in figuring out what the next form of value exchange will be for the 21%
century.

The central banking practices are inescapable from technologies advances.
Credit card companies offer methods applicable in online retail payments, but not all
consumers have a credit card. However, such payment methods and deposit accounts
face counterparty-risk (Berentsen and Schér, 2018). Today, cash is the only legal
tender. Many advanced economies in the world have started shifting towards more
cashless transactions and increasingly adopting electronic payment methods. Cash
use in Sweden, for example, has declined for many years. Swedish retailers expect
the decline will continue and the cost of accepting cash will become prohibitive, so
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HIAIAST XHUH 20-BIH HAT O0JICOH aX33. DHAXYY cyaairaar xuixnad llIBeiinaps yncein basenuiin ux
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that it will no longer be accepted in the future (Ingves, 2018b). With payments shifting
increasingly online, and with mobile devices, central banks must be proactive and
figure out ways to cope with the developments.

In addition to trading on the sheer speculation for its usefulness in the future,
cryptocurrencies have been partially performing the role for money where it failed.
For example, countries with failed institutions and dysfunctional economies, such as
Argentina or Venezuela, have seen increased usage of bitcoin (Casey, 2018). In March
of 2019, Argentine’s Deputy Minister of Finance claimed that promoting crypto
industry will “help to reduce its demand for USD, which will eventually contribute to
stabilizing the local market and attract global investment” (Partz, 2019).

If private cryptocurrencies (e.g., bitcoin) became widely adopted and displaced
central bank money, there could be adverse implications for central bank monetary
policy, financial stability and the ability of the central bank to collect seigniorage.’
Societies with decreased cash usage could see the payment market dominated by
private players without a public alternative. Fung et al. (2018) concludes that private
digital currencies are not always safe without government intervention, a legislation
will be needed for universal adoption and a central bank digital currency (CBDC)
will not drive out private ones. Confidence and trust in a currency, and its stability,
is provided by a trusted authority, the central bank. Therefore, I believe that there is
a great demand and a strong case for central banks to issue a national-denominated
electronic base money.

Central banks have been actively researching into this topic in recent years. This
indicates there is pressure for central bank money to become more competitive due to
the advent of private digital money (i.e., cryptocurrencies). A survey by the Bank of
International Settlements (BIS) from 63 central banks, jurisdictions covering over 80
percent of world population, showed that 70 percent of the respondents are currently,
or soon will be, engaged in CBDC work. However, for the short term, 85 percent of
respondents are unlikely to issue any type of CBDC. Currently, there are 5 central
banks who have started pilot projects. A notable example is the Sveriges Riksbank’s
“e-Krona” project started in 2017. The purpose of the project is to complement cash,
as well as current electronic payments, with an electronic krona, as to eventually
phase out from physical cash usage (Barontini and Holden, 2019).

2. Structure of Money

Central bank deposits such as deposits in reserve accounts are already digital.
Nonetheless, they are not categorized as CBDC. To understand how CBDC is different
from existing electronic money and cryptocurrencies, it is useful to characterize
money according to a control structure (Figure 1) suggested by Berentsen and Schir

3 However, according to Bank of Canada (2017), preserving seigniorage does not appear to provide a

compelling motivation to issue a CBDC in many advanced economies.
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(2018). There are three dimensions. The first dimension is representation. Money can
be represented in virtual form or physical form. The second dimension is transaction
handling, either through centralized or decentralized payment systems. Finally, the
third dimension is money creation. Some monies are created by a monopoly, while
others are issued under competition.

The ownership rights to cash, circulating freely in the economy, are always
clearly defined without anyone having to keep records. It is a decentralized payment
system where cash can change hands between two agents without the involvement
of a third party. Commercial bank deposits are electronic money. When a payment
is made, the accounts are adjusted by deducting the payment amount from the buyer
and crediting it to the seller. The creation of money in the form of commercial bank
deposits is competitive because they compete for deposits with their rates. The most
of central bank money is already electronic. In most countries, public access to
electronic central bank money is restricted. In Mongolia, for example, it can be held
only by financial intermediaries.

Figure 1

Control Structure of Money
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Figure 2

Taxonomy of Money

Digital

Source: Barontini and Holden (2019)

Barontini and Holden (2019) discuss different variants of CBDC highlighted by
the shaded areas within the Figure 2. CBDC, basically, could be divided into “general
purpose” or “wholesale only” variants. The “general purpose” variant would allow the
general public to hold an account at a central bank. This would be widely available and
targeted at retail transactions. The “wholesale” version would be a restricted digital
token for wholesale settlements, such as interbank payments or securities settlements.

3. Benefits of CBDC

For monetary policy and macroeconomic effect, setting a stock of CBDC equal
to 30 percent of the GDP leads to a permanent 3 percent increase in the real GDP
(Barrdear and Kumbhof, 2016). If CBDC is supplied through national-wide electronic
wallets, nominal zero lower bound would no longer apply, which will allow a central
bank to employ a negative nominal interest rate. This has wide-ranging effects during
times of financial crises. This is impossible in an economy with heavy cash usage.
Another unconventional monetary tool enabled by CBDC is ‘helicopter drops’ of
money. Supplying money into the economy, with CBDC, quickly and efficiently is
important in situations of weak economic activity or incoming crises. This reduces
deflationary risks by circumnavigating the use of traditional monetary policy designed
for physical cash-based economy (Prasad, 2018).

The adoption of CBDC means the government will have to play a larger role
in payments market. Setting up payment infrastructure that facilitates CBDC would
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create a positive externality, like how the first telephone lines were introduced and
benefitted the society greatly. When the first telephone line was installed, it was not
the most useful, as there would be no one to call. However, as more people utilize the
line and connect to the telephone network, the value of having the phone increases.
The same can be said for payment markets. Just like the telephone lines, the value
of a payment system proportionally increases with the number of people using it.
Payments can also be regarded as collective utilities (Ingves, 2018b).

CBDC improves financial stability in the economy and leads to better
contestability, efficiency in payment systems and reduced transaction cost (Bank
of Canada, 2017; Prasad, 2018). According to the BIS survey, the most important
reason for central banks to consider issuing CBDC is improved payment safety and
efficiency. And the least important reasons are financial inclusion and cross-border
payments efficiency (Barontini and Holden, 2019).

Among many positive impacts CBDC would have on the financial stability,
it seems that increased usage of local currency would be important to many
emerging economies. If central bank money no longer defines the unit of account
and replaced by crypto assets, then the central bank’s monetary policy becomes
irrelevant. Dollarization is an analogy; it is when a large part of the domestic financial
system operates with a foreign currency (He, 2018). Similar scenario plays out with
cryptocurrencies in economies with severely devalued local currencies.* This has been
aptly termed ‘dollarization 2.0’ by Christine Lagarde (2017). I expect that CBDC,
if interest-bearing, would be able to alleviate dollarization and dollarization 2.0 by
making the local currency more attractive.

4. Design Features of CBDC

CBDC refers to wide ranging potentials designs and policy choices, but with no
single commonly accepted definition. CBDC is not a cryptocurrency and it does not
necessarily have to be implemented with ‘distributed ledger technology’ (DLT). The
primary design principle for CBDC is that it is:

e electronic,

* universally accessible for 24/7,

* supplement to existing cash,

* denominated in the sovereign currency,

* legal tender and liability of a central bank,

* reserves, banknotes and CBDC have one-to-one convertibility,

* potentially be interest-bearing; under realistic assumptions paying a rate
that would be different to the rate on reserves. This characteristic makes
CBDC an option secondary monetary policy tool. The rate will be the
lowest in the economy because CBDC will be the most-liquid asset and

4 Increased usage of bitcoin in Argentina is one example (Casey, 2018).
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holders do not face counterparty risk since a central bank cannot become
illiquid (Berentsen & Schir, 2018),

»  There could be two versions; retail and wholesale,

* The central bank supplies CBDC according to demand and it is perfectly

elastic.

An interest-bearing CBDC might pay positive, zero or negative rates. Interest
rate on CBDC could be utilized as an instrument of monetary policy, or it could be
used to regulate demand for CBDC. Alternatively, a non-interest-bearing CBDC
could be considered closer in essence to central bank cash (Meaning et al., 2018). If
the objective is to create a form of CBDC that resembles cash, the key characteristics
are anonymity and DLT. However, as I will discuss in the next section, DLT and
anonymity are not suitable for CBDC.

There could be two versions of CBDC; retail CBDC for household and non-
financial businesses only and a wholesale CBDC which can be used as a settlement
asset in financial markets by firms that do not currently have access to central bank
reserves (Meaning et al., 2018). The central bank could allow households and firms
to open accounts with them. It is technologically feasible for many central banks
to set up electronic deposit accounts for all of country’s residents. Or central banks
could require commercial banks to open a central bank account for their customers.
Presumably, these accounts would not normally be interest bearing and would be used
for payments rather than as a channel for financial intermediation by the central bank
(Prasad, 2018).

5. Technological Aspects

I consider both decentralized and centralized methods to implement CBDC.
It is not the case that current centralized inter-bank payment systems are inefficient.
Decentralized systems are being considered, because it can add functionality to
payment platforms (Heun, 2018). Trust is the foundation of the financial system,
and it can be fragile. Bitcoin was designed to replace that trust with verification,
accomplished quite innovatively using ‘proof-of-work’ mechanism. However, the
ecosystem in which CBDC could exist demands of at least one trusted authority
(Scorer, 2017). That means the core features of Bitcoin, or any altcoin, would be
unnecessary. The fundamental idea of DLT is that, for a reward, a group of validators
reach a consensus in order to decide which transaction should be recorded.

A ‘permission-less’ DLT, used in Bitcoin, is one in which anyone can act
as a validator, at any time, without establishing credentials. This process could be
manipulated with the ‘51 percent attack’, for instance. In order to prevent this, heavy
investment in processing power by Bitcoin miners have been made and, consequently,
the system requires enormous amounts of energy to operate (Scorer, 2017). The
Economist (2018) has reported that the global power consumption for Bitcoin network
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is at least 2.55 gigawatts — almost the same as the entire country of Ireland. This is
a weakness of a public blockchain model. The cost of the ‘proof-of-work’ needed to
update the blockchain requires a vast amount of hardware and electricity resources.

One of the biggest blockchain platforms, Ethereum was hacked in May 2016.
When the hacker took around USD 50 million worth of Ethereum currency from
‘decentralized autonomous organization’, the community decided to erase the history
of the network up until the hacking. This resulted in a fork of Ethereum and raised
serious concerns over its governance. The failure of cryptocurrency communities to
reach a consensus on a technical strategy for growth and frequent hacking are fatal
flaws of privately-issued digital currencies (Yermack, 2017).

The value of fiat currencies is maintained by monetary policy and their status
as legal tender, while the value of crypto assets rests on the expectation that others
will also value and use them. A recent report by IMF (2018a) confirms that privately
issued cryptocurrencies do not currently satisfy the essential functions of money and
have high price volatility. CBDC should not be permission-less cryptocurrency. The
reason is because there is reputational risk for central banks. It would be undesirable
if a central bank issued cryptocurrency and it was used for criminal purposes. It
is irrational for central banks to require commercial banks to follow ‘know your
customer’ (KYC) and ‘anti-money laundering’ (AML) regulations, if central bank
itself issues anonymous and permission-less digital money (Berentsen & Schir, 2018).

If a form of DLT were to be used to implement CBDC, that could be a
‘permissioned’ system, where the validators are known and authorized. A costly ‘proof-
of-work’ mechanism would not be needed, and simpler consensus mechanisms could
be employed. This scheme offers advantages in governance, security and privacy while
potentially complying with KYC and AML regulations. DLT provides a high level of
resilience that avoids a single point of failure and a potential to make the payment
systems more efficient and cheaper. Furthermore, DLT has scaling capabilities, which
would be crucial for any widely available CBDC, if it issued through electronic wallet
for the entire population.

However, it appears that the net benefit operating distributed ledger for payment
systems instead of a centralized system is not evident enough yet, while there is a
payment system that works perfectly fine (Heun, 2018). Existing centralized systems
can achieve high levels of resilience by operating multiple backups. Implementing
CBDC with existing technology is feasible (Berentsen & Schir, 2018; Meaning et al.,
2018).

On the other hand, if everyone makes payments with CBDC, the volume of
transactions compared to the current RTGS systems would increase dramatically
(Scorer, 2017). Central banks may not want to expand their computing or operational
capacity to cope with this. DLT will allow multiple firms to provide this computing
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capacity on demand and could enable the central bank to set the rules of a CBDC,
without the requirement to operate the entire infrastructure. Nevertheless, if CBDC
is implemented through a centralized system, the central bank can create a standard
for digital currency in which the private sector would be responsible for creating the
storage and transaction applications.

7. Digital Currency Readiness Index

To analyze levels of readiness of countries for CBDC, I propose Digital
Currency Readiness Index (DCRI).> The index defines readiness as country’s level
of development with respect to institutional, financial, technological and economic
factors that support CBDC. Depending on each country’s readiness, I clustered them
into 3 group levels.®

7.1. Methodology

The composite index comprises of 11 individual indicators.” Firstly, the
indicators are normalized into z-scores. Then, outliers and countries with more than 3
missing values have been taken out of the dataset. Missing data for some indicators has
been approximated by the average of countries with similar features. I used Principal
Component Analysis (PCA)? to weigh the results and chose the first component
(Figure 3, right) as the index score, which was then rescaled between 0 and 1.

Grouping of countries, based on their ranking, is needed to determine
understand readiness in a context. I have applied K-Means Clustering Algorithm on
the 11 indicators after transforming them with PCA. The number of clusters has been
experimentally determined by the ‘elbow method’ (Figure 3, left), where it shows
after how many clusters the marginal variance plateaus and becomes insignificant
to add more cluster centers. As a result, the clustering analysis identified 3 groups of
countries; Group Level 1, Group Level 2 and Group Level 3.

See Appendix Figure 6 for the full Digital Currency Readiness Index.

See Appendix Table 3 for more detail on how countries are grouped.

See Appendix Table 1 and 2 for description of each indicators and correlations.
See Appendix Table 4 for PCA Variance table.

L R )
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Figure 3

K-Means Clustering Sum of Squared Error for Differing Numbers of Clusters
(Left), and Variance of Principal Components (Right)

Frincipal Component Analysis
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Source: Author
7.2. The future is already here — it's just not evenly distributed

The index scores hint at what reforms are required for countries to adopt
CBDC. The policy consideration for countries in Group Level 1 is, they are ready to
start with experimentations and pilot projects. Group Level 2 shows signs of going
cashless, improving ICT infrastructure and crypto-assets regulations. Although Level
2 economies can adopt CBDC now, solutions would be limited. Group Level 3 needs
more investment in financial, technological and institutional framework. Economies
in this cluster still heavily use cash, have tendency to ban or uphold light oversight
over crypto-assets, lack ICT affordability and need to strengthen their institutions
and financial markets. These group levels point to a need for policy to be flexible and
tailored to developments by each individual country. Policy recommendations can be
further made by examining an individual country’s position among countries in the
same readiness group level or similar index score and countries in the next level of
readiness or higher index score to help identify where policy is the most likely to have
the most beneficial effects.

7.3. Robustness

To test for robustness, I compared DCRI with MasterCard Cashless Index
(MCI) and Digital Evolution Index (DEI). The correlation with MCI is 0.95, which
indicates relationship between cashless-ness and adoption of digital money. The
correlation with DEI is 0.93. This signals association between CBDC readiness and
digital economy progress. These correlations closely match the robustness of ‘Digital
Money Readiness Index’ constructed by Thomas et al. (2014) which conceptualized
digital money as socio-technical system. The main distinction between the index of
Thomas et al. and DCRI is, DCRI focuses more on the roles crypto-assets and financial
inclusiveness play in adoption of digital currencies, specifically CBDC.
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8. A Case for Mongolia

From 2010 to 2018, the ratio of cash to the monetary aggregate M2 fell
from 12.22 percent to 5.33 percent. The deposit dollarization rate decreased from
32.62 percent to 21.54 percent and the loan dollarization rate decreased from 37.65
percent to 17.66 percent decreased, respectively (Figure 4). In 2012 and 2014, when
inflation was high, devaluing the local currency, we observe spikes in dollarization
rates. Nevertheless, there has been a steady decline for both cash in circulation and
dollarization in the economy.

According to the World Bank (2017) survey on financial inclusiveness, the
percentage of respondents in Mongolia who made or received digital payments in
2016 was 85.27 percent, which is 23.44 percent above the global mean. While the
volume of transaction made through POS (Point of Sale) machines was 256.1 billion
Togrogs in 2013, it was 1664.6 billion Togrogs in 2018 (Figure 5). This is a rapid
advance in people’s payment behavior. Mongolian society is becoming progressively
cashless.

Figure 4

Inflation Rate and Cash in Circulation as a Fraction of M2 Money Supply
(Left), and Dollarization Rate (Right) in Mongolia
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Figure 5
Transaction Volume by Methods of Payment
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In 2018, Bank of Mongolia issued a regulation on electronic currency. It states
that electronic money does not include cryptocurrencies, should be backed by fiat
money, maintain one-to-one convertibility and could be transacted with willing
third parties. After this, a major advancement regarding digital currency was when
the Bank of Mongolia granted Mobicom a license to issue its own digital currency
in accordance with the regulation (Suberg, 2018). The currency is called ‘Candy’,
succeeds its previous version which existed as a token on Ethereum, and could be
used for various goods and services.

The Central Bank of Uruguay (CBU) has concluded a 6-month pilot program
on CBDC in 2018 and currently in evaluation stage. Starting in 2017, the CBU issued
and circulated 20 million e-Pesos, without using DLT. Of those 20 million, 7 million
e-Pesos were distributed via third party payment system providers, who placed
equivalent amount of real pesos in a central bank account. Storage, management,
control of circulation and call center was managed by IBM. Management of users,
transfers and transactions were handled by IN Switch Solutions, Inc. Like how it was
discussed in Section 6, the CBU made the private sector responsible for matters other
than issuing and regulating CBDC. Transactions of e-Pesos were instant and peer-
to-peer, via mobile phones using either text messages or the e-Peso app. After the
pilot program was concluded, all e-Pesos were cancelled and turned into real pesos
(Barontini and Holden, 2019).
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Table 1
Comparison of Mongolia and Uruguay in terms of DCRI Indicators
Indicators Mongolia Uruguay
Digital Currency Readiness Index (0-1) 0.39 0.46
Regulatory Quality (0-100) 50.96 73.56
Rule of Law (0-100) 41.83 72.12
Government Effectiveness (0-100) 42.31 67.79
Number of Bitcoin Nodes 0 4
Networked Readiness Index (1-7) 4.3 4.5
Global Competetiveness Index (1-7) 3.90 4.15
Global Innovation Index (0-100) 35.90 34.20
Crypto-Asset Regulation (1-4) 3 4
. . . o
11\/;2_136 or received digital payments in 2016 (% of respondents age 35.27 50.34
Used a mobile phone or the internet to access a bank account in 2017 3838 15.76
(% of respondents age 15+)
Used a debit or credit card to make a purchase in 2016 (% of 60.81 50,56

respondents age 15+)

Source: See Appendix Table 2

Mongolia is in the Group Level 3 with readiness score 0.39, together
with Uruguay with score 0.46. Both countries have some similarities in terms
of its economic, financial and readiness indicators. Uruguay has a long history of
dollarization. Between 2001 and 2017, credit dollarization in Uruguay averaged 57
percent, while deposit dollarization averaged 78 percent. The data from 2017 shows
a slight dip in both credit and deposit dollarization—to 52 percent and 75 percent,
respectively (IMF, 2018b). Uruguay has policy interest rate at 9.25 percent, while
Mongolia has it at 11 percent as of April 2019. Both countries’ inflation rate is around
7 percent as of February 2019. In terms of digital payment integration and financial
inclusion, Mongolia has higher percentage than Uruguay does (Table 1). However,
Mongolia scored lower for institutional and government effectiveness.

Mongolia is gradually progressing towards more advanced payment systems
and decreased cash usage. As mentioned in previous sections, CBDC could be
utilized as a secondary monetary tool, used to ease inflation, and would incentivize
people to hold onto local currency, if it was interest-bearing, thus potentially decrease
dollarization. As we can see from the above data’ and the example of Uruguay, there
is a compelling case for the Bank of Mongolia and affiliated institutions to conduct
preliminary research and start thinking of experiments on issuing CBDC. As it was
done with the ‘e-Peso’ project, the Bank of Mongolia’s potential pilot project, say

° Figure 4, Figure 5 and Table 1.
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‘e-Togrog’, could be implemented with centralized systems and in cooperation with
local telecom, IT and payment solutions providers.

9. Further Regulatory Considerations

There are many questions to be addressed still. One is to determine if CBDC
is only for residents or if non-residents also can hold, which have implications on
exchange rate and capital flows. A potential solution is to limit central bank's role
in money creation with respect to balance sheet and debt relationships. Plus, it is
necessary to first test CBDC for a group of users and limit the amount of money
held in CBDC accounts, to prevent bank runs (Berentsen & Schir, 2018). Another
approach is to establish regulatory ‘sandboxes’ where new financial technologies can
be tested in supervised environment (He, 2018). It is essential to note that introduction
of CBDC could be complicated political process. It took 24 years before the Sveriges
Riksbank was given monopoly over note issuance (Fung et al., 2018).

10. Conclusion

The approach to CBDC is a combination of economic, financial, legal and
technological developments. This essay measured systemic readiness of countries for
CBDC using a composite index. It appears there is connection between cashlessness,
technological advances and digital currency readiness. Through closer examination,
CBDC could be centralized in creation and transaction. Central banks could open
accounts for the population or could mandate commercial banks to do so. If CBDC is
interest-bearing, it could be used as secondary monetary policy tool.

A monetary system with CBDC has never existed anywhere. There is little
historical or empirical evidence that could show the consequences of CBDC. Central
banks have been actively researching into CBDC in recent years. Countries and
central banks should be proactive in approaching CBDC and aware of the risks. There
are ample use-cases and demand for CBDC in digital era. It is stable and bears no
counterparty risk. Confidence in currency, and its stability, can only be provided by
central banks. Therefore, central banks must remain relevant by providing more stable
units of account than crypto-assets and making central bank money attractive in the
digital economy.
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Appendix

The Digital Currency Readiness Index (Scale: 0-1)

Mean: 0.43

United States 1700
Germany D.98
Netherlands .96
Finland .95
Switzerland .95
Sweden 10.93
Norway 10.93
Singapore 10.91
Canada 10.90
Denmark 1 0.90
United Kingdom 1 0.88
New Zealand 1 0.87
Luxembourg 1 0.84
Australia 1 0.84

Hong Kong SAR, China 1 0.83
Korea, Rep. 1 0.82
France 1 0.82

Austria 1 0.82

Japan 1 0.81

Israel —————— (.79
Belgium ————— 0.79
Ireland ————————1 (.78
Estonia —————— (.78
Taiwan, China —/———————3 (.73
United Arab Emirates ————————1 (.70
Malta ————————1 (.67
Qatar ————3 0.67
Czech Republic ———=——3 0.66
Latvia ——————=—""73 (.66
Spain ———=——3 0.65
Slovenia —/———————=—""3 (.65
Portugal ———3 0.63
Lithuania —————3 (.62
Poland ————3 0.61
Slovak Republic ——————— 0.58
Cyprus ————3 0.57
Malaysia ————3 0.56
Italy ——————— 0.56
Chile ————— 0.55
China ———1 (.54
Hungary /=1 (.51
Croatia ————————=3 0.50
Bahrain ———= 048
Saudi Arabia ———————=1 (0.47
Uruguay ———— 046
Costa Rica —————— 0.43
Bulgaria —/————. 0.42
Greece /. 0.41
Turkey =————=10.40
South Africa ————3:0.39
Georgia ——————3:0.39
Mongolia ——————:0.39
Thailand ————— 0.38
Russian Federation ———— 0.38
Kuwait —— 0.37

Source: Author

Source: Author

Mean: 0.43
Montenegro ————3 0.36
Serbia —/———1 (.35
Trinidad and Tobago ————3 (133
Rwanda —— (33
Romania ———— (33
Panama ——— (233
Iran, Islamic Rep. ———— 0333
Kenya ——— ;33
Namibia —/—— 032
Kazakhstan ———— 032
Jordan ———3 0.30
Brazil ———— 0.30
Armenia /3 (.29
Ukraine ——— (.28
Mexico ——— 0.28
Sri Lanka ———— (.28
Colombia ———— 0.28
India —— 0.28
Argentina —/———3 0.27
Moldova —/——3 0.26
Indonesia ———3 0.24
Ghana —— 0.24
Peru /3 0.24
Albania /3 0.23]
Philippines ——3 0.23
Azerbaijjan T/ 0.22
Senegal —/—3 0.22
Bosnia and Herzegovina —/———3 0.21
Tunisia ——3 0.21
Vietnam —/3 0.20
Dominican Republic ——3 0.20
Uganda =—=3 0.19
Lebanon —=3 0.16
Morocco =3 0.15
Paraguay =3 0.15
Tanzania == 0.13
El Salvador =3 0.12
Honduras =3 0.11
Guatemala =3 0.10
Venezuela, RB =33 0.10
Zambia =3 0.09
Ecuador =3 0.08
Tajikistan =3 0.07
Kyrgyz Republic 33 0.07
Pakistan 33 0.07
Egypt, Arab Rep. 33 0.06
Bangladesh 2 0.05
Mali 2 0.03
Cambodia 3 0.03
Cameroon 1 (.02

Nepal 1 0.01
Mozambique 1 0.01
Nigeria 1 0.01

Zimbabwe | 0.00
Algeria ~ 0.00

68



CENTRAL BANKING IN THE DIGITAL AGE: A NEW MONEY

-9oueping Aorjod res[d apraoid pinoys y10mawely

SSOUIPBAI PIAYIOMIOU Y} (9) Pue 9[0A0 SNOMIIA B ULIOJ 0} IOYI0 [oBd
O0JOJUIDI PUEB ‘OAJOAQ-00 ‘JOBIJIUI—OTESN PUB ‘SSOUIPEDI ‘JUSWUUOIIAUD
Y)—SIOALIP JO 39S Y (G) ‘siopew A[ojewnin jeym s A)o100s pue
Awou0o9 oy} uo d9Aey SID] 1y} Joedwl 9y, *J[OS)I Ul PUS Ue 9q JOU P[NOYS
asn 1] () ‘Aerd 03 9[o1 [eonLId B 9ARY Yoed o31e] e uonendod ay) pue
€10300s SSOUISNQ A} YUSWUIIAOS oY) :}I0JFO IPIM-AIO100S & SaImbar s1O[
Surderoas] Ay (¢ oedwr Sunerousd 0} uonIpuoo-aid s1 — aIonnseryur
pue s[[ys ‘Ajfiqepioyge 1D] Aq painsedw se — ssourpear 107 (g “oedun
91e10udg pue SID] 95eIOA9] AJ[NJ O} IOPIO UL [EONLID SI JUSWUUOIIAUD
ssoursnq Axoyen3ar Ayenb-y3iy e (1 :soqdound xis uo sysar j] ‘Sureq
-[[om pue ssouoAnnedwod pasesroul 10j SID] 9SBIOA] O} SOLIUNOd
Jo Ayroedes oY) soInseswr ‘s103edIpUl [ENPIAIPUL €G JO €10} “Xdpu] 9],
‘Kouarnd [en3ip

Jo uondope 19pe0oIq 2y} 0} 2Je[I P[NOJ JBY) MOy pue 0}dAId uo Ajanoe
s,Anunod & 99s 03 jueprodwr SI 31 9sneodq xdpul 9)isodwod Ay} our
Payeidojul sI yep SI SIY ], "JI0MIOU Y} UI SISSAIPPE J] Aq SIPOU 9[qeyoedl
oy [1e Surpuy £q PajuNod SI JI0MIQU U091 ) JO ZIS PAjeunsd oy,
*sa1o1]0d ons 03 JUAUWHITUWOD SJUIWILIA0S 9} JO

Aniqrpalo oy pue ‘uonejuswelduwr pue uonenuio} £os1jod jo Arenb oy
‘saanssaxd eonijod woiy souapuadopul )1 Jo 92I39p Y} PUB IITAIS [IAID
oy Jo Ayrenb oy ‘saorazos orqnd jo Kijenb oy Jo suondeoiod syoogey
"OOUQJOIA PUB OWILIO

JO poOYI[aYI] 9y} Sk [[om sk ‘s1nod a3 pue ‘aorjod oy ‘syysu Auredord
JUOWIDOIOJUD J0BIIU0D JO AJifenb oy) pue ‘A10100s Jo son oy Aq IpIqe
PUB UI 95USpPYU0D dABY SJUFE YOIy 03 Jud)Xd 9y} Jo suondaosad sjoopay
‘Juawdo[oAdp 10303s dyearid

gowoid pue jued jeyy suonengor pue sarorjod punos juswdduur
pue dje[nuiIoj 0} JUAWUIA0S Y} Jo Afiqe ay) Jo suondoorad spoopoy

@pduoday [Ind ULID JAM/910TALID/SI0P
/310 WNI0JoM ¢AmM//:dNY (T () WNIO,] STWOUOOH PIIOA
£q paseoyal {91z Modoy A3ojouyoq] uoneWIOU] [BqO[D)

(/oo ured sapoulq
//:8A0Y 1 TIN) 810T W [ IOGUIBAON] JO SE SOPOU 90 ‘0|

(owoy/13m

/30UBUIDA03 /310 ueqpIoM-oJul//:dny (T N) ueq PHOM
YL Aq Pasea]al g1 ‘s10JedIPU] SOUBUIIAOL) IPIMPLIOA

(L-1 :91®3s) Xapuy
SSUIPEBIY PINI0MIIN

SIPON
uroNIg Jo Jdquiny

(0o1-0
13[BIS) SSAUIANIYH

JUBWUIRA0D)

001-0
:9[BIS) MET JO I[Ny

(001-0 :3183s)
L1end) A1o0jen3ay

reRa

92an0g

S10)edIpu|

XOPUJ SSAUIPBY Aduarn)) [BNSI(] Y} OJUI PAJBIZIIUL SIOJBIIPUL [ [ Y3 JO YoBa J0J suoneue[dxa pajreloq

c2omqnl

69



<13

“MOHIe, CAHXYY, BAAJIA” C>Tryyn 2019

IOy 224108

SS9[ysed 3uI03 SpIemo}
passa13oid sey Anunod e yonw Moy s9jedIpul ‘Aem e Ul ‘SIYJ ‘9[(Qg Ul
oseyoand [1e301 & 93EW 0} PIED JIPAIO PUB JIGOP Pasn Ay} JT IOYIoYM ‘G
Jo 93e oy} 9Aa0qe syuopuodsar KoAIns oy [ Jo 95ejusorad oy saInsea|y

*SJUNO0OJE ueq 13} 0} $$999e [eUSIp spasu uonemndod ay

‘[[e 103 Aouot yuUeq [BNUID IABY 0} JIPIO Ul ISNBIAQ “Xdpul 93150dwiod oy}
Joj Juelioduul ST SSOUSAISN[OUI [BIOUBUY JO 9INSBAW SIY ], */ [ 0T UI JUNOJOR
UB SSO90E 0} 1ouI)ul 9y} Jo suoyd d[iqowr & pasn A3y J1 JoyIdym ‘G| JO
a3e oY) 2a0qe syuopuodsar AdaIns ay) [ Jo oFejudosdd ay) saInsed|n
‘su)sAs juowked

[en3ip ays pardope Apeaife A1UNOd € yonw Moy SQUIIdep Aprorjdwr
ST, "9 10 Ul sjudwAed [BISIP PIAISISI 10 OPB dARY K9] J1 I9YJoUM ‘G|
Jo a3e o) aAa0qe syuopuodsar KoAIns oy [ Jo a5ejuaoiad oy saInsea|N
*2109S U} JyS1Yy oy

‘o3esn 0)dA10 91BI[108] 0) QI8 QIdY) NIOMIWEI) [e39] pue UONUINE dIoW
YL ‘¥ - pAIe[nFa1AYTISIOA0 JUSWUINA0S ‘¢ - Paje[n3arun/yYSISIOA0 NI
‘7 - 1e39qq1-1senb 1 - pauueq :sMO[[0J Se UONEINZAI AY) UO PIseq ANUnod
yoed JOo JulI0dS QU ‘SALUNOd ()¢] Ul sorouarmooidA1o Surpunorms
sadeospuey Lorjod pue [e39] a3 pakoains jey) 1odar aaneyenb e st sy

‘syndino aAnea1d pue syndno A3o[ouro9) pue d3pajmouy]
‘uoneonsiydos ssouisnq ‘uoneonsiydos JaxIBW ‘QINONNSBIJUI ‘YoILISAI
pue [eydes uewny ‘suonmnsur :sieid urew ; pue SIoySIPUl 08 JO
pastdwos s1 J] "uOnBAOUUI UI SS990NS pue Aj1oeded s, UOHEU B SOINSBIN

‘uoryeodnsIydos pue UOEAOUUI PUE SIOUBYUS AOUSIOYJS ‘sjuswainbar
JISBqQ :SOXOPUI-QNS UTBUWI ¢ JO S§ISISUOD X3pu] ssauoAnnadwo) [eqojn
9y, “Aedsord pue yimoI3 Jrwouood Ul 1030.) [BNUISSD UB pUe [IMOI3
wI9)-3U0] JO JUBUIULIAOP UTeU! QU3 SI UIn) ul yorym ‘Ayanonpord ur
sjuowoAoIdwI SUIUIIINAP St [oIeasal [ednalody) pue [eomndwe Aq
PayBuopl SUOHMINSUI PUB SIOJOB) O} SISSSSe )] “ssoudAnpeduiod
Jo sreqid z] uo saIpuUNOd (] 03 3SO[0 Jo ddouewroped oy syoeI]

(/810">ueqplIOM XOpUYTRqO[S//:sdNy T N) Jued
PIIOA\ UL, Aq pasea]or i (T dseqere( Xopur [eqO[D A,

(Jpd-Aoams-prom-£oudrmooydAo
/Aoua1mo03dA10/d[oy/me]/A03 00 mmm//:sdny 'TIN)
$SI3U0)) JO ATRIqIT MB S9JBIS PAIIU() AU} AQ PISBI[I 10T
aunf ‘pHopN 9yl punory Aouonmoo0)dAr) jo uonemnsoy

@pd'groz 18 qnd odim/ud
/soopqnd/soopajurodimmmam//:dny Ty N) uoneziuesio
Ky1adoad remyos[[ou] pHIop ‘AVASNI Ksioarun
[1ou10)) Aq Pasea[ar (81 XOpu] uoreAouu] [eqojn)

(pd
‘810TE6%08%CA%L 107H0dayssauaAnnadwo)[eqo[naYy L,

A0doy[INAS0/810C-L 10TIDD/SI0P
/310 TNIOFOM  EMMM//:dNY (T N)

WINIO,{ OTWOUOIF PIIOAM
Aq paseafar {g10¢-L10¢ Moday ssouaannadwo)) 1eqorn

9107 ur aseydand
€ 9)eU 0) PIED JIPAID
10 31Q2Pp & pas()

L10T
ul JUNOIIE UE SSIIJe

0} J9UI)UI AY) 10
Juoyd Jiqow & pasn

9107
ul syudwAed [endip
PIAIIIAI 10 IPBIA

(-1
:9[BdS) UonEBN3INY
19ssy-03dL1D)

(001-0 :31e38) XpU|
uoneAouu] [8qO[H

(L-T :91®38) xapuy
ssoudAnnaduwo)

18qo1D

70



CENTRAL BANKING IN THE DIGITAL AGE: A NEW MONEY

oYy :224nog

910z ur aseydand e
I 8C08°0 I0¥6°'0 SSSE0 6£98°0 8VLL'O 00,80 LETEOD 96780  S8ISO  LS9L'0  deW 0) pIed JIPAId 692¢°0-
10 31qAp € pas) 'T1
L10T
. . . . . . . . . Ul JUNOJIR UE $SIIDE o
I P80 86LT0 SLIL'0 06€90 8£69°0 99TE0 T1L990  9¥0L'0  0€19°0 0) JoUIDIUI IY} 10 €€8T 0
duoyd dqiqowr & pasn ‘01
9107
I 6€9¢€°0 SST80 9LIL'0 L¥VI8O +vP6TO 9£080  9L6L0  TEVL'O ut syudwied [epsip 881¢€0-
POAIIIAIL A0 IPRIA 6
. . ) ; . : : uonen3ay o
I €I0P'0 €I¥E0 $86E0 LI9T'0 OEI¥'0  L99€0  €8¢H'0 pssy-odiry g €191°0
. . . . . . xopuj .
I €868°0 CSI60 TTIV'O S968°0  SL98°0  T1¥S8°0 uonEAOUU [EQO[D) L SLEEO
xapuy
I 01€6'0 ITE¥'0 0680  8I€80  0£T80 ssoudAnpaduo) €€Ce0-
1eqorD 9
. . . . Xopuy ssouIpeay o
I LLSE0 T9C6'0 61680 08880 POIOMPN S Y0rE'0
. . . SIPON .
I LTIE0  098CT0  L6LTO woong jo soquiny  p SSY1°0
) ) SSAUIANIRP A .
I S8%6'0  9976°0 JUOWWIA0S ¢ €8¢€0
I 61260 MmeTjoIMmy ¢ (443 0a
I Ayend L10jem3ay | 8€TE0-
ELEIETTN
1T or 6 8 L 9 S 14 € [4 I Vod

£2191L

SI10JeJIpU[ [enPIAIPU] ] J0J 9[qB], UOIIB[OII0))

71



“MOHIe, CAHXYY, BAAJIAI” c>Tryyn 2019 - 13

Table 3

Countries grouped by their levels of Digital Currency Readiness

Levels of Readiness

Countries

Level 1 — Materially ready countries with ample ICT
solutions and facilitating financial regulations. With
existing technologies and regulations, these countries
are ready to adopt CBDC.

Level 2 — These economies are in transition or almost
ready to implement national digital currency systems.
The countries are going cashless and technological
infrastructure is emerging or already exist.

Level 3 — Characterized by lack of ICT infrastructure
and limited financial services. In this level, cash still
plays a big role in the economy, cashless payment
systems are still being adopted and developed,
with varying degree of attitudes towards privately-
issued cryptocurrencies and the country’s overall
technological innovation is incipient. These countries
still need further improvements in technological,
financial and legal framework. In countries with
weak government institutions and unstable financial
systems, private cryptocurrency may be more
attractive and there are risks of AML/CFT.

United States, Germany, Netherlands, Singapore, Canada,
United Kingdom, France, China, Russian Federation

Finland, Switzerland, Sweden, Norway, Denmark, New
Zealand, Luxembourg, Australia, Hong Kong SAR China,
Republic of Korea, Austria, Japan, Israel, Belgium, Ireland,
Estonia, Taiwan (China), United Arab Emirates, Malta,
Qatar, Czech Republic, Latvia, Spain, Slovenia, Portugal,
Lithuania, Poland, Slovak Republic, Cyprus, Malaysia, Italy,
Chile, Hungary, Croatia

Bahrain, Saudi Arabia, Uruguay, Costa Rica, Bulgaria,
Greece, Turkey, South Africa, Georgia, Mongolia,
Thailand, Kuwait, Montenegro, Serbia, Trinidad and
Tobago, Rwanda, Romania, Panama, Iran, Kenya, Namibia,
Kazakhstan, Jordan, Brazil, Armenia, Ukraine, Mexico, Sri
Lanka, Colombia, India, Argentina, Moldova, Indonesia,
Ghana, Peru, Albania, Philippines, Azerbaijan, Senegal,
Bosnia and Herzegovina, Tunisia, Vietnam, Dominican
Republic, Uganda, Lebanon, Morocco, Paraguay,
Tanzania, El Salvador, Honduras, Guatemala, Venezuela,
Zambia, Ecuador, Tajikistan, Kyrgyz Republic, Pakistan,
Egypt, Bangladesh, Mali, Cambodia, Cameroon, Nepal,
Mozambique, Zimbabwe, Algeria, Nigeria

Source: Author

Table 4

PCA Standard Deviation and Variance Table

Components Standard Deviation Proportion of Variance Cumulative Proportion
PC1 2.818568 0.722200 0.722200
PC2 0.944122 0.081030 0.803240
PC3 0.913309 0.075830 0.879080
PC4 0.794848 0.057430 0.936510
PCS5 0.469250 0.020020 0.956530
PC6 0.430479 0.016850 0.973370
PC7 0.301025 0.008240 0.981610
PC8 0.273438 0.006800 0.988400
PC9 0.240378 0.005250 0.993660
PC10 0.191948 0.003350 0.997010
PCl11 0.181312 0.002990 1.000000

Source: Author
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