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2 Abstract

As the world begins to shift towards technological efficiency, monetary policy is
falling behind the curve of digitization; cash continues to decline as a percentage of
transactions, is used to propel the underground economy, exacerbates financial inequity,
and has huge policy costs. One proposed solution is Central Bank Digital Currencies
(CBDC:s), a digital token of a country's fiat currency that lives and grows on your
smartphone, serving as a convenient and alternate form of payment for transactions in the
economy. 87 countries are exploring digital currencies and 9 countries have fully
launched a CBDC nationally, leaving the US behind other major economies in the move
towards technological efficiency. Thus, | consider whether a central bank digital currency
is feasible and desirable in the United States, and how we can use theory and practice to
inform successful implementation. | consider the key arguments in the debate, including
ethical considerations of privacy and equity as well as economic justifications like costs,
efficiency, and digital networks. Weighing these arguments alongside a theoretical
macroeconomic model, I recommend, with cautious optimism, a 7-fold plan for the
implementation of a digital dollar over the next 10 years.
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Arnav Gupta


Implementation Challenges of Central Bank Digital Currencies - A Blueprint

for the Digital Dollar

1 Introduction & Problem Statement

As the world begins to digitize, the financial policy side is attempting to understand
how best to practically implement technological innovations into complex daily monetary
operations. Studies from central banks around the world, fueled by pandemic-era monetary
changes, reveal that there are four main inefficiencies associated with how we issue money.
First, in a data-driven world, central banks have a shocking lack of data about where the
money supply ends up and how cash circulates through the economy. When the federal
government buys bonds to increase the money supply, central banks have a fundamental in-
ability to track where cash is transferred and moved, since many transactions happen using
physical currency. This lack of data collection also hampers the effectiveness of monetary
policy; knowing the precise impact of a singular dollar as it flows throughout the economy
can aid with targeted monetary policy and tailored solutions to recession-era dynamics.!
Second, cash is susceptible to undercover transactions, propelling the underground economy
and illicit activity. When currency can’t be tracked, it opens the potential for criminal
behavior entirely through cash, as well as other more benign transactions that avoid tax-
ation. In fact, the US government estimates that the size of the “underground economy”
is around 11-12% of the entire U.S. GDP, or roughly $2.5 trillion total.? Third, there are
fundamental inequities in financial access and inclusion, and these issues are exacerbated by
current financial systems and the interactions between public and private institutions. In the
status quo, individuals gain access to capital through checkings and savings accounts with

commercial banks, but nearly 50 million people in the U.S. don’t have access to this luxury.

Klement, ”A New Form of Monetary Policy?”
2Schneider and Enste, ”Hiding in the Shadows: The Growth of the Underground Economy”



People may be unable to physically go to a bank or are unable to own an account because
of ID or minimum balance requirements, and are thus forced to turn to sub-prime loans and
shady microfinance organizations.®Finally, issuing physical cash has huge transaction costs.
These include various costs, like physical materials, coordination with financial institutions,
and private sector buy-ins, among others.*Regardless, the combination of these four factors

demands a rethinking and modernization of the central banking system.

Current literature and financial research is beginning to slowly uncover the potential of a
digital paradigm for central bank policy, and the limitless potential of e-money. In particular,
central bank digital currencies (or CBDCs, as they are referred to in the literature) are slowly
becoming the future of redesigning monetary policy in developing and developed countries
alike, allowing governments to envision currency in a completely different way. This trans-
formation is already underway. In the private sector, cryptocurrencies and stablecoins are
skyrocketing, and in the public sector, the Bahamas have issued the “Sand Dollar,” China
is experimenting with a digital yuan, and many nations are developing programs. In the
status quo, 87 countries are researching or developing digital currencies, while another 23
have either completely launched one or have begun a large-scale pilot program.® Fundamen-
tally, CBDCs allow central banks themselves to issue electronic currencies through digital
wallet accounts, backed by the credit of the government, rather than through traditional fiat
currency, or cash. In particular, this paper analyzes the potential of the digital dollar, which

would be the United States version of a central bank digital currency.

CBDCs, with the caveat of proper implementation, remedy all four of the major problems
with our current central banking system. First, it would enable central banks to track how
money flows from account to account in a centralized fashion, allowing them to precisely tailor

quantitative easing and other monetary tools.® Second, the data available from centralized

3FDIC, "How America Banks”

4United States Mint, 2021 Annual Report”
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6Nelson, ”The Benefits and Costs of a Central Bank Digital Currency for Monetary Policy”



ledger access would help the government track transactions in the underground economy
and limit illicit behavior happening through U.S. dollar.” Third, retail CBDCs go directly to
people without going through traditional banks, so individuals have CBDC accounts directly
on the central bank core ledger on their smartphones. This would improve financial inclusion
by letting people access and transact with money through a simple and convenient digital
wallet application.® Finally, after the fixed costs are internalized, digital money is more cost
effective and reduces transactional costs associated with buying and selling government bonds
and issuing fiat money. There are, however, many concerns to grapple with when crafting an
overhaul of the financial and monetary system. Some of these problems include cybersecurity
issues, privacy concerns, research and maintenance costs, international inequity, and various

regulatory headaches.’

Through a combination of qualitative and quantitative work, I will attempt to understand
the material effects of implementing CBDCs on a national scale in the United States. The
paper will attempt to answer the question: Is central bank digital currency feasible
and desirable and if so, how can research from theory and practice be used to
craft a model for the implementation of the digital U.S. dollar? As such, the first
part of this paper will focus on weighing the pros and cons of central bank digital currencies.
Then, the second part of the paper will focus on how to create a model for effective policy
implementation using research from other countries and institutions, as well as lessons from
macroeconomic theory. With a task and question as large as this, the number of questions to
be grappled with are endless, many of which this paper will deal with directly: What kind of
implementation and logistical challenges are involved with implementing nationwide CBDCs?
How would it coexist with existing monetary policy, and could it exist in conjunction with
traditional cash? Would it require large-scale infrastructure and cybersecurity costs? Are

the long-term benefits worth the physical and logistical costs?

"Zhang and Oh, ”Central Bank Digital Currency and Informal Economy.”
8Koulayev et al, ”Explaining adoption and use of payment instruments by US consumers”
YWilliamson, ” Central bank digital currency: Welfare and policy implications”



By analyzing how to best use central bank digital currencies effectively, my research can
help craft a policy that minimizes inefficiencies and maximizes impact. When considering
the pace of technological adoption in other industries, it is only logical that monetary policy
should follow similar steps. However, a hasty and under-researched implementation process
could create huge national problems in areas like information security, capital accesss, infla-
tion management, growth industries, and many more. Therefore, well-researched theoretical
and empirical evidence is needed to create strong public policy and remedy the aforemen-
tioned problems with the status quo. My 7-fold implementation plan for the digital dollar
can used as a blueprint for gradual implementation over the next 10 years. CBDCs can
step in and, if implemented correctly, provide huge advantages in financial inclusion, crime

control, effective data-driven monetary policy, and cost minimization.



2 Literature Review & Background

As we consider the rapid changes that have occurred from technological innovation and an
increasingly globalized world, the financial sector is no different. Recent payment innovations
have greatly advanced our infrastructural capacity to transfer money throughout various
parts of the economy and bring financial systems towards a more interconnected model.
Examples of these include recent advancements in end-to-end encryption in digital payments,
apps like Venmo and CashApp, the existence of smartphone apps to securely store banking
information, and more.!® While technology has continued to keep pace in many instances,
there is a fundamental demand and supply-side shift rippling through the United States
economy. Exacerbated by the coronavirus pandemic, cash transactions are slowly becoming
obsolete, and more citizens are using digital payments as their preferred mode of financial
payment. This, coupled with increases in online shopping and decreases in brick-and-mortar
sales have created an environment where the digital economy is beginning to outpace the

physical economy.!!

The Federal Reserve (or the Fed) is the central bank of the United States and it crafts
monetary and financial policy. Since its founding in 1913, its role in the economy has in-
creased exponentially. The goal of the organization is to "analyze domestic and international
economic and financial conditions, and to lead committees that study current issues, such
as consumer banking laws and electronic commerce.”!? The Federal Open Market Commit-
tee, creates policy designed to promote stable prices, constant inflation, and GDP growth,
as well as the money supply that circulates through the economy.'® However, the current
monetary system fails to keep pace with increasing costs of issuing currency, creating new

forms of experimental policy, and tracing transactions that happen through cash.!* Along

Dhar, Dusek, and Tiwari, ” Technology-led shifts and opportunities in card-based payments”

"prasad, The Future of Money: How the Digital Revolution Is Transforming Currencies and Finance
12Federal Reserve Education, ”The Structure and Functions of the Federal Reserve System”

13ibid

14Chiu et al, ”Bank Market Power and Central Bank Digital Currency: Theory and Quantitative Assess-



with this, cryptocurrencies have sprung into the mainstream, and is being used to facili-
tate many transactions. However, currencies like Bitcoin are decentralized and are used for
transactions that are meant to be entirely anonymous. Along with that, Bitcoin creates huge
emissions and the energy footprint gives it very little redeeming qualities for a nationwide
implementation scheme.'® Its coexistence with other forms of mainstream payment methods

is still feasible.

What is necessary is a middle ground - a way to propel digital currencies into the Federal
Reserve banking system while simultaneously ensuring some level of control and centraliza-
tion towards the benefit of the economic system. Hence, there has been a trend towards
more countries exploring the potential of central bank digital currencies (CBDCs). Central
bank digital currencies offer a unique opportunity to move money into a digital age and offer
a host of benefits in conjunction with them. If designed with public welfare and interest
in mind, CBDCs have the potential to create innovative changes throughout the monetary

system, create more efficient policymaking, and advance equity throughout the population.'6

What is a CBDC, or a digital dollar? A CBDC is a virtual token of the United States
dollar, and lives as an official record of our country’s official currency. The record is stored

)

in the form of a centralized ”ledger,” which is a centralized hub which stores all data about
digital currency movement, including identities and transaction amounts. It would be a
currency that is centralized, which means the power and information about its regulation
lies in the hand of the Federal Reserve and the U.S. government. The central bank thus
has the ability to insure the currency and regulate its supply using its own monetary tools.
Fundamentally, digital currencies fulfill all three of the principles that are necessary for

money to have worth, which is that they function as a unit of account, store of value, and

medium of exchange for daily transactions.!” The goal of CBDCs is to give U.S. citizens more

ment”
BInvestopedia, "What’s the Environmental Impact of Cryptocurrency?”
16Federal Reserve, ”What is a Central Bank Digital Currency?”
"Deloitte, ” Are CBDCs the money of tomorrow?”



convenience and security through a well-regulated and reserve-backed currency controlled by
the federal government. For the purposes of clearly defining CBDCs in the paper, I will use
the definition provided by Kumhof and Noone. They defined CBDC as electronic central
bank money that ” (i) can be accessed more broadly than reserves, (ii) has functionality for
retail transactions, (iii) can be interest bearing (with a rate different from that on reserves),

and (iv) has a separate operational structure relative to other forms of central bank money.” ¥

In practice, it looks as simple as an application on your smartphone that you can use
to access your CBDC "digital wallet.” Once you access this wallet, you have access to your
fiat currency and can choose to use it wherever you would traditionally use cash, transfer it
to others digital wallets, or keep it there while it earns the prevailing nominal interest rate
like a savings account.!® When you do something with those funds in the CBDC wallet,
the information is anonymized and sent to a centralized ledger that is stored by the Federal
Reserve. While the idea is to slowly remove cash as a secondary or tertiary mode of payment,
implementation of a CBDC does not imply removing all cash immediately from the economy.
Instead, the convenience, settlement finality, liquidity benefits, and widespread usage of the
digital wallet can eventually phase out cash and move the economy towards more efficient

monetary tools.?"

Many central banks are currently doing research into the value and potential of central
bank digital currencies, and most of the outlook is positive. Out of the four largest central
banks in the world (EU, US, Japan, and the UK), the United States is the farthest behind in
terms of research and implementation.?! This puts the US far behind many other countries
- 9 countries have fully launched a digital currency. Nigeria is the latest country to launch
a CBDC, the e-Naira, and many countries in the Caribbean have implemented it as well.

Another 14 have pilots programs, including the People’s Republic of China. Currently,

18Kumhof and Noone, ” Central bank digital currencies — design principles and balance sheet implications”
YBarrdear and Kumhof, ” The macroeconomics of central bank issued digital currencies”

20Federal Reserve, ”Money and Payments: The U.S. Dollar in the Age of Digital Transformation”
21CBDC Tracker
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according to the CBDC tracker, over 87 countries (representing over 90 percent of global
GDP) are exploring a CBDC. In May 2020, only 35 countries were considering a CBDC,
proving the exponential growth of the field in recent years.?? The trend is set to continue as
information sharing accelerates and global infrastructures are created. While many countries
agree that CBDCs are the way forward, hasty and subpar implementation could exacerbate
many existing problems and ruin fiscal and monetary equilibrium across the economy. 23 The
following graph from the Bank of International Settlements reveals the increasing instances

of research and development efforts on central bank digital currencies.?*:

Research and development effort on
CBDCs

Number of instances
64
48
32

16

0
Illllllllllllllllllllll

2016 2017 2018 2019 2020 2021

Cumulative CBDC project score:’

Retail: Wholesale:
Research

 — Pilot =

— Live

There are a few major themes within existing academic literature which highlight the

22 Atlantic Central Bank Digital Currency Tracker
23Shin, ”Central bank digital currencies: an opportunity for the monetary system”
24Boar, Codruta, and Wehrli, ”Ready, steady, go?”
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important Federal Reserve considerations. An overwhelming number of central banks are
researching the potential for a CBDC, with estimates ranging from 85-87%.2°. Information
about current literature is interspersed throughout the paper, first in the data sources section
and second throughout the paper, where central bank studies and academic literature are

quoted and referenced.

There are three areas within current academic literature that my paper attempts to fill in.
Ozili identifies, in his literature review of CBDCs, that there is a lack of design frameworks
for CBDCs that "meet multiple competing goals.”2¢ This means that policy frameworks are
rife with tradeoffs. For example, a CBDC that wants to increase payment efficiency could
trade off with data security and cybercrime, since quickness in transactions would require
less encryption techniques. Reducing financial crime requires a tradeoff with the amount of
privacy offered to citizens. A CBDC that increases financial inclusion can make it difficult to
detect fraud because you have to reduce standards for account signup (since unbanked adults
often fail to meet documentation requirements or don’t have official ID.) Finding a tradeoff
between user happiness and aggressive monetary policy is always a balance that the Cen-
tral Bank grapples with. My paper attempts to create a blueprint and design that achieves
multiple objects simultaneously. Second, there are not many papers that step outside of the
realm of pure theory or pure decisionmaking - instead, because of the lack of topic informa-
tion, papers in the area tend to focus on specific subparts of CBDCs rather than holistically
analyzing the benefits and drawbacks. This paper attempts to quantitatively and qualita-
tively analyze all of the factors within parts of the literature, including considerations for
privacy, financial inclusion, data privacy, cybercrime, seniorage, international collaboration,
and more. As such, it serves as a blueprint for the digital dollar and answers the fundamen-
tal question about its feasibility and desirability simultaneously. Finally, Ozili also identifies

that there is a lack of studies that are ”country and region-specific.” This paper, rather than

25Boar, Codruta, and Wehrli, "Ready, steady, go?”
26Qyzili, ” Central bank digital currency research around the World: a review of literature”
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consider digital currencies in a vacuum, considers a blueprint for a specific US version of a

CBDC, with special emphasis on the characteristics that make this country unique.
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3 Data Sources & Methods

A challenging yet intriguing aspect of studying CBDCs is the lack of widely available
academic literature. Many scholars have attempted to study this field from a quantitative
perspective and found that there is a severe lack of data and research methods that can
be used to study the issue. This is mainly due to a few core problems that I identified
while attempting to find sources myself. First, digital currency infrastructure is a new field
of research, with most countries operating in the research phase and very little long-term
proof of concept. For those that have implemented pilot versions of CBDCs, more years are
needed to study the long-term macroeconomic effects of these policies and understand the
level of usage and engagement. Blockchain technology, additionally, is relatively new, and
until recently, most central banks could not consider large scale infrastructural expansions
to their monetary systems. As open data sharing efforts ramp up, analysis will become more
widely available and global information sharing can help guide implementation strategies.
Research and development efforts on CBDCs have continued to ramp up as more countries
explore retail and wholesale options for their countries, a trend shown by this graph in an

annual BIS survey of central banks.?":

Engagement in CBDC work Focus of work’ Type of work in addition to research’
84 60 60
78 45 45
72 30 30
66 I 15 15
\ | | [ 160 I. | [ U \ . l Y
2017 2018 2019 2020 Wholesale  General Both Experiments/ Development/
purpose proofs of concept pilot arrangement

2018 mmm 2019 . 2020

Figure 1: Exponential Growth of CBDC Research

2"Boar, Codruta, and Wehrli, "Ready, steady, go?”
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Second, a common problem with analyzing macroeconomic policy issues is establishing
statistical causality. Since there are hundreds and thousands of factors affecting the eco-
nomic health of a country, it is difficult to precisely pinpoint the causal effect of a specific
policy intervention. For example, while it is possible to subtract levels of banking access pre
and post-CBDC implementation, there are many confounding variables such as increases in
economic prosperity, financial literacy education, commercial bank marketing, and more.2®
Third, the limited number of existing databases are used privately by national governments,
either because the research occurs behind closed doors or the data has confidentiality restric-
tions. Since financial data includes sensitive private information about transaction amounts
and identities, most databases can only be used by authorized organizations with strict con-
fidentiality regulations. As a result, most of the research on the topic is happening behind
closed doors with classified data. Because of the combination of these three factors, much

of the existing literature is largely theoretical in nature, whether through macroeconomic

models or logical reasoning and case studies from small pilot programs.

In particular, this paper will use a combination of methods to illustrate the benefits
and drawbacks of CBDCs to add to the existing literature. This paper uses important
available datasets on the topic: namely, international fund data, CBDC tracker information,
preliminary data from other countries, as well as using Venmo as a proxy for how digital
currency is used in the status quo. In addition, I conducted anonymous interviews with three
members of economist team at the Federal Reserve to understand digital currency efforts
and learn about how the US government is conducting research in the status quo. The
Federal Reserve employs 400 Ph.D. economists who produce working papers and work on
cutting-edge research for the Federal Reserve to drive future policy efforts.?? Unfortunately,
due to the somewhat sensitive nature of proprietary security work, as well as the relatively

public nature of current publications, the conversations did not illuminate information that

28Kuevibulvanich, ”Economic Policy Analysis - Lecture Notes”
29Federal Reserve, ”Meet the Economists”
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was not already readily available through Federal Reserve working papers.

The paper is divided into two core sections. The first part of the paper considers the
pros and cons of central bank digital currencies using available data. The second part of the
paper eventually argues in favor of CBDCs in the United States, using information from a

theoretical macroeconomic model to craft a 7-fold implementation blueprint for the digital

dollar.
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4 Part 1: Laying the Foundation - CBDC Benefits &

Drawbacks

To begin the analysis of CBDCs, it is important to consider the general motivations that
are driving central banks around the world and understand their points of emphasis during
research and pilot phases. The Bank for International Settlements (BIS) conducts yearly
surveys with top-ranking central bank members in each country that are directly involved
with monetary policy creation.?® For the US, that is most likely a representative from the
Federal Reserve that is directly involved with the research operations of the organization
on the Board of Governors. The following figure reveals the key motivations for CBDC
implementation from the BIS survey in 2020; in blue are the countries that are classified
by the UN as ” Advanced Economies,” and the pink bar is countries classified as ” Emerging
Market Economies.” 1 = not so important; 2 = somewhat important; 3 = important; and 4

= very important.

General purpose (retail) CBDC

3
2
| | | | | | 10

Payment Financial Payment
safety/ Payment stability Monetary  efficiency Financial
robustness  efficiency policy  (cross-border) inclusion
(domestic) implementation

30 Auer et al, ”CBDCs beyond borders: results from a survey of central banks”
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The survey reveals that payment safety and efficiency, as well as financial stability and
effective monetary policy rank as the 4 largest motivating factors for CBDC implementa-
tion. It’s important to note that the equal-sized bars indicate that emerging markets and
developed economies are motivated by similar factors despite their vastly different economic
and social characteristics. This points to a trend of CBDCs as, potentially, an international
system that can be implemented across a wide range of countries regardless of GDP or tech-
nological advancement. The one key exception, however, is financial inclusion, which is of
larger concern for emerging market economies than developed economies. This is a logical
conclusion - in places where internet and smartphone access is low, governments have legiti-
mate concerns that CBDCs could be inaccessible to a wide swath of their population. In this
way, improper implementation could, in fact, exacerbate income inequality, with urban elites
in poorer countries being the only group with reliable access to this new form of banking.
In addition, these countries tend to be places where transactions occur primarily in cash or
other traditional forms of payment, as well as societies that are organized around agrarian

or community-based living.3!

The first part of this paper will, using these motivations as a guiding force, compart-
mentalize the important issues in the CBDC debate and attempt to do a robust cost-benefit

analysis of the digital dollar.

31Fernandez-Villaverde et al, ” Central bank digital currency: Central banking for all?”
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4.1 Pros: Underground Economy & Finality

One of the largest drawbacks of cash, along with its inability to be traced for monetary
policy purposes, is its lack of tracking potential when transferred to the underground or
informal economy. When a dollar bill moves from your pocket to someone else’s pocket in
an untraceable manner, that creates huge gaps in tax collection, causing huge discrepancies
in our calculations of yearly gross domestic product (GDP) and aiding financial crime. The
underground economy also fuels problems in the labor supply market, since those hired and
paid using cash are not required to receive worker compensation, health insurance, other
forms of insurance, or legal protection benefits.??> According to economic estimates, the
Internal Revenue Service (IRS) suggests that the underground economy is around 11-12%
of the U.S. GDP, valued at around $2.25 to $2.46 trillion. A study in the same year by the
International Monetary Fund (IMF) concluded that ”countries with relatively low tax rates,
fewer laws and regulations, and a well-established rule of law tend to have smaller shadow
economies,” implying that effective policy is a deterrent against the untraceability of cash.??
The US Department of Justice estimates that the largest components of the underground

economy that occur through cash transactions are non-reporting of labor income, drug trade

and purchases, illegal services like loan sharking, fraud arson, gambling, and prostitution.*

Naturally, the first thing to establish is a statistically significant link between tax evasion
and the size of the informal economy. An interesting proxy that can be used to calculate the
size of the informal economy (since the current numbers in the US are pure approximations)
is the VAT Gap. The VAT Gap is a data point collected in the European Union that
calculates the difference between the Value Added Tax (VAT) due versus how much each
country actually collects in VAT. Thus, the VAT Gap is viewed amongst economists as one of

the strongest indicators of lost revenue and tax evasion and is comparable to the size of the

32McDonald, ” The ” Underground Economy” and BLS statistical data”
33Schneider and Enste, ”Hiding in the Shadows.”
34Simon et al, ”Underground Economy”
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informal economy. Each year, the European Commission collects information and publishes

it for broader use.?®

VAT Gap vs. Percent of Transactions Made Digitally
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One drawback of this dataset is the small sample size of 27 countries (the size of the
European Union), but regardless, we can see a trend emerge amongst this group of countries:
the smaller the VAT Gap, the larger the % of payments happening digitally. Clearly, and to
a degree of statistical significance, digital payments reduce the amount of tax evasion and the
size of the informal economy - a clear downward sloping trend reveals that a higher frequency
of digital payments is associated with lower tax evasion. From running this regression, the
slope coefficient is statistically significant, implying that a 3% increase in the percentage
of payments made digitally corresponds to a 1% decrease in the level of tax evasion within
a country. The next regression shows the calculation of the ”informal economy” which
now includes all countries in the world based on approximations from relative governments,

merged with data about the percentage of payments that happen digitally.3637.

The second figure shows a quasi-parabolic relationship between the share of digital pay-

35European Commission, “Study and Reports on the VAT Gap”
36Elgin et al, ”Informal Economy Database”
3"Demirgiic-Kunt et al, ”World Bank - The Global Findex Database”
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Size of Informal Economy vs. Percent of Transactions Made Digitally
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ments and the size of the shadow economy, indicating that countries with less informal
transactions have more digital payments, but such effects become less important at higher
levels of the shadow economy, namely amongst countries that constitute more than 40% of
informal economic activities.®® This result is supported in other studies as well. Using card
payments as a proxy, a study by Caixa Bank Research found that an increase of 100 euros
per capita per year in card payments reduces the shadow economy as a percentage of GDP
by as much as 3.5 percentage points.?® The IMF also cites research that greater use of simple

electronic payments alone cut the size of the shadow economy significantly.*°

CBDCs, by having all financial information stored in a centralized ledger, would dras-
tically reduce the number of transactions that occur in the underground economy. This
allows the Federal Reserve and IRS to track transactions that happen through official digi-

tal currency, including labor income and person-to-person transactions for illegal goods and

38Zhang and Oh, ”Central Bank Digital Currency and Informal Economy.”
39Ruiz, " The Shadow Economy”
40Schneider and Enste, ”Hiding in the Shadows.”
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services. For the purposes of tracking smaller benign payments and salaries, the ledger offers
a data hub to track tax collection and ensure worker benefit compensation. For larger illegal
transactions, in many countries now, CBDCs are anonymous in small transactions, but an
algorithm flags suspicious transactions when the amount reaches a particular threshold. Re-
peat transactions, unknown accounts, or patterns of suspicious payment amounts can be easy
triggers for a computer algorithm, thus ensuring no human involvement is needed in places
where privacy is a concern.*! No matter how CBDCs are implemented however, advocating
for the complete removal of cash immediately is an unwise decision. Based on insight about
usage, accessibility, and efficiency, a large rollout of electronic money would simultaneously

occur with a gradual phasing out of cash.

Countries are well aware of this prime benefit of CBDCs and are collaborating with tech-
nology providers and crime-fighting organizations to spur research efforts. To quantify this,
we can extend our analysis and look at the relationship between the size of the underground
economy and the level of research happening on CBDCs; this means merging information
with the international database collected annually that benchmarks the level of CBDC re-
search and implementation across the globe.*? In the CBDC Progress Index, the regimes
are labeled as such: no work being done on CBDCs (0), preliminary or advanced research
stage (1), established pilot program launched (2), or a live implementation of retail, whole-
sale, or government-controlled CBDCs (3).%3 The table below summarizes the results from
multivariate probit regressions performed on CBDC project indices regressed on the shadow

economy index. The results are displayed here, with sample sizes and R-squareds:

4'WEF, ”Privacy and Confidentiality Options for CBDC”
42Elgin et al, ”Informal Economy Database”
43CBDC Tracker
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Dependent Variable - Probit Regression | CBDC Project Index | Retail CBDC Index
Informal Economy (% of GDP) 0.031* 0.0445**
SErmtEe (0.0189) (0.011)
R? 0.251 0.264
Sample Size 105 100

Rk K X indicates significance at 1/5/10% level

Not only is the informal economy larger where digital payment percentages are higher,
but work on CBDC's is more advanced where the informal economy is larger, consistent with
the notion that CBDCs, by creating a data trail for transactions, help formalize informal
activities. While it seems like the development status of a country is a confounding variable,
the BIS survey can dispel this notion and establish causality. Formalizing informal activity
is one of the main motivating factors for CBDC implementation regardless of economic
status, with over 70% of countries saying it is a top 5 motivation for pursuing a digital FIAT

currency.**

4.2 Pros: Financial Inclusion

Underbanking is a massive problem in the United States and one that receives very
mainstream media coverage. The regulatory definition of "underbanked” is an individual
that has a bank account but relies on alternative financial services such as "money orders,
check-cashing services, and payday loans” because they lack access to ”convenient, afford-
able banking services.”# Unbanked individuals, on the other hand, have no bank accounts,
meaning they do not use any mainstream financial services and rely primarily on cash, pay-
day lending, or check-cashing services. Being unbanked is a huge financial and time cost -

those who are unbanked have to rely on unregulated services like predatory lenders if they do

44Boar, Codruta, and Wehrli, ”Ready, steady, go?
4SInvestopedia, ”What Does Underbanked Mean?”
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not have access to traditional types of financing. These loans can pile up interest payments
fast and often prey on those with lower income and less financial literacy. Not having a bank
account also means going through more lengthy and time-consuming processes for basic fi-
nancial transactions, including using check-cashing as a proxy for direct deposit and money
orders for bill and rent payment. Those who only use cash ”can face annual costs of around
$199 for check cashing and money order services.” Data collected by the US government
reveals that around 20% of American adults, or 60 million adults, are either unbanked or

underbanked, a trend that is slowly improving but remains incredibly problematic.%6

CBDC accessibility is, inherently, conditional on the availability of key infrastructure
including, but not limited to, high-speed internet access, electricity penetration, reliable
cellular network coverage, smartphone ownership, and digital ID systems.*” And, if access
to these services is sparse, CBDCs may exacerbate financial inequality, since not everyone
has access to a phone with internet service. That is a valid concern for a significant number
of countries with low GDPs and high levels of poverty, where low internet penetration, lack of
smartphone ownership, and inadequate electrical grids are legitimate challenges. This graph,
presented at the I'TU-WB Digital Regulation Conversation in Geneva using Global Findex
data, shows information about smartphone account ownership, a proxy and precondition for
digitally advanced economies.*® For example, many poor African nations have extremely

low smartphone ownership.

While a solution for the global accessibility of CBDCs is necessary and addressed later
in the paper, the trends in the United States are glaringly different. And, since this paper
begins by establishing a blueprint for the digital dollar, it is worthwhile to understand the
fundamental challenges facing the American financial system. A fact that very few people are

aware of: the percentage of adults classified as 'underbanked’ in the United States is lower

46FDIC, "How America Banks”
47Schilling, Fernandez-Villaverde, and Uhlig, ”When Price and Bank Stability Collide”
48Macmillan, ”Digital Financial Services: Regulating for Financial Inclusion”
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than the percent of adults who own a smartphone. The data gathered below comes from
merging datasets from comprehensive biennial surveys from the Federal Deposit Insurance
Corporation (FDIC) and the Pew Research Center about technological progress and banking
trends in the United States.95°
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Last year’s data reveals that the percentage of adults that own a smartphone hovers
around 85% and the percentage of adults that own any type of phone is close to 97%. In
contrast, 81.9% of Americans in 2021 were classified as underbanked or unbanked. As of
2016, the percentage of Americans who owned a smartphone has surpassed the percentage
of Americans who have access to proper banking services, a trend that has been consistently
sustained for the past 6 years. This reveals a natural conclusion: giving people access
to their money on a smartphone greatly increases the accessibility of money and makes
banking easy for those who do not have accounts with commercial banks. When banking is
expensive and inconvenient, either because of geography or time/income constraints, digital
infrastructure can help close the gap and promote financial inclusion. Other requirements for
digital currencies like reliable electricity already exist in the United States; the U.S. Energy
Information Administration reports that 100% of the US population has access to electricity

as of 2021.51

How do CBDCs resolve the problem of underbanking? There are three fundamental
reasons. First, CBDCs provide access to digital currency for populations that do not have
access to traditional commercial banks or e-money operators. While commercial banks, in
theory, are meant to be inclusive of all, there are large barriers to entry that CBDCs can help
resolve. A recent FDIC survey, for example, reveals that the most commonly cited reason for
remaining unbanked is that people feel they do not have enough disposable income to ”meet
the minimum balance requirements for a bank account.”®® According to the same survey
by the FDIC, the average minimum balance requirements for accounts with no interest was
$622, and the average minimum balance for accounts with interest was a whopping average
of $7,123. If you fail to meet the threshold, the average maintenance fee for non-interest
bearing accounts was $5.61 a month and $15 a month for checkings accounts with interest

payments.®® Fees for a low-balance bank account can continue to pile up, and unreasonably

S1EIA, Flectricity Data
S2FDIC, FDIC Survey of Household Use of Banking and Financial
%3ibid
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high monthly payments compounded with historically low interest rates prey on low-income
populations. Nearly 1 in 4 people who do not have a bank account are interested, but find
it geographically/logistically inconvenient or are deterred by other structural factors. The
other most commonly cited structural reasons include poor credit scores, insufficient capital
to warrant the creation of an entire account, lack of knowledge about credit services, or
lack of physical access to a reputable national bank within 10 miles.’* A CBDC wallet
circumvents many of these issues by providing a government-authorized, convenient solution
for storing currency and conducting transactions throughout the economy. With a wallet
that grows at some nominal interest rate and no minimum balance fees/barriers to entry for
those who are not located near a physical branch, CBDCs promote financial inclusion for
the unbanked and underbanked. Transferring money to your digital wallet can occur either
by directly linking your e-wallet to your commercial account; for those without access to e-
money, a digital wallet would include direct deposit from employers or government asssitance
programs, online check photo depositing as well as dropoffs at post offices, town halls, or
other physical infrastructure. While other savings mechanisms like stock market investing,
cryptocurrencies, savings accounts, or credit card rewards may seem difficult to someone with
less financial knowledge, digital currency gives convenient and easy-to-understand access to

interest-growing accounts for all.

Second, as previously mentioned, CBDCs become an extremely useful mechanism for
governments to make stimulus payments to individuals even if they do not have a bank
system setup, thus ensuring the population receives money quickly and efficiently during
time-sensitive periods. Even in a country as digitally sophisticated as the US, millions
of Americans, disproportionately the unbanked and underbanked, had to wait months to
receive their $1200 stimulus payments. For example, those without bank accounts do not

have direct deposit information that they can easily provide to the government databases

54ibid
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for coordination of stimulus payments.”> CBDCs can help set up a uniform program by
eliminating financial intermediaries like check-processors and commercial banks during times
of required economic stimulus, helping collect data about how low-income communities are
using digital money, and reducing the cost and time needed to transit checks and money

door-to-door.

Third, there is a robust set of literature theorizing that CBDCs would promote digiti-
zation of common peer-to-peer and business-to-business payments and create value chains

5657 This is similar to

for those who are unable to efficiently conduct transactions now.
the economic concept of "network effects,” whereby people simply benefit from an inclu-
sion standpoint when those around them adopt technologies and they become commonplace
around various parts of the economy. Free open banking frameworks help link people and
make transactions more efficient, similar to the way that Venmo and PayPal help foster
interoperability within financial services and payment services. Having a legally-regulated
and universally accepted legal tender gives CBDCs a crucial leg-up from other third-party
software, allowing for digitization in various parts of the economy. This includes interna-

tional and domestic supply chain distributors, producers, and enterprises of all sizes, along

with consumer transactions that can happen efficiently and affordably.

Finally, CBDCs can become a strong catalyst toward granting universal access to broad-
band Internet and data.®® While low Internet penetration is an extremely pressing issue
within rural and low-income communities and counties, a nationwide digital currency would
require government investment in Internet Service Providers (ISPs). For example, Biden’s
recent infrastructure plan allocates significant funds towards expanding the range of ISPs

and providing grants for local investments.?® More detail about this issue is addressed in

55House Hearing, 116 Congress

56 Allen, Esser, and Cooper, ”CBDC and Financial Inclusion”

5TRaghuveera, ” Central bank digital currency can contribute to financial inclusion”
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59President Biden’s Bipartisan Infrastructure Law
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Section 6.6. Even in areas with low internet access, CBDCs could implement workarounds to
"operate in low-bandwidth areas such as DCEP’s “touch and touch” functionality, allowing

users to make peer-to-peer transfers by physically touching their mobile devices together.”"

4.3 Pros: Data-Driven Monetary Policy

In the status quo, there is a shocking lack of information being used when evaluating
monetary policy interventions like open market operations and adjustments to various in-
terest rates across the economy. Since many financial transactions occur in ways that the
federal government has difficulty tracking (like cash and underground operations), the Fed-
eral Reserve is unable to draw causality or track how a singular dollar bill moves through the
economy. A core component of tracing the effectiveness of monetary policy is the ability to
understand how dollar bills flow; without an ability to track the velocity of money and craft
an accurate estimate for the money multiplier, economists struggle to establish causality and

pinpoint effectiveness with any degree of granularity.

More robust benevolent data collection and analysis from the central ledger would not
only increase the efficiency of existing policy levers but also open up experimental possi-
bilities for a new era of Federal Reserve policy. These new policy tools can help expand
the portfolio of options available to the Federal Reserve, since adjustments to the interest
rates are constrained by the zero lower bound and newer tools like quantitative easing pro-
pels inflation.%! Given that a variety of macroeconomic indicators are flashing red, including
record-high inflation, historically low interest rates, and foreign policy instability, a paradigm

shift may be necessary.

A digital dollar opens up the potential for a whole host of targeted monetary policy tools

and levers that would’ve otherwise been impossible. This could create a completely new

50Yeung, "Digital Currency”
61Klement, ” A New Form of Monetary Policy?”
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form of monetary policy stimulus that is impossible to achieve with our current financial
system, allowing the Central Bank to target interventions with pinpoint precision.®> The
fundamental problem relies upon a consistently disproven notion of trickle-down economics,
which is the belief that providing money and tax breaks to the rich tends to increase the
velocity of money and boost productivity for the general economy. However, this theory has

6364 Fyven during the coronavirus pandemic

been debunked repeatedly in academic literature.
and the recent decrease in the corporate tax rate, money was saved or reinvested by those
with higher incomes, meaning it fails to move through the economy and cuts the money
multiplier short. Those who already have high-income levels find it most convenient to
save money or capitalize on low prices in the stock market because they have the luxury of
disposable income during recession periods.®> Cash, checks, and traditional bank accounts

exacerbate the problem and occur in a way such that the government has difficulty doing

granular analysis of spending/stimulus patterns.

While there are many potential tools, four theoretical policies can highlight the limitless
flexibility and potential of digital money. First, to achieve short-term stimulus, the central
bank can create money with time limits and set a demurrage fee on digital currency stored
for long periods of time during recessions.%® For example, the Fed could require that, during
times of extreme economic distress, granted money must be spent within a certain time
period or it disappears from the digital wallet. A percentage demurrage fee on currency
could reduce the face value of a dollar stored in the digital wallet, acting as a tax for making
a conscious decision to save during recessionary economic times. Second, the Central Bank
could implement progressive demurrage fees. Not only would these fees increase with income,
but they could also increase with respect to your savings amount. For example, someone

in the highest tax bracket could face a significantly higher depreciation rate on their digital

62ibid
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wallet during economic recession times should they choose to hold large amounts in their
e-wallet. Similarly, saving larger amounts of money or a greater percentage of the stimulus
money could elicit a higher demurrage rate.” Third, the Federal Reserve could issue currency
that would be targeted towards spending on specific items like durable goods to create
targeted monetary interventions. A sub-par usage of this policy lever would be to assign
permanent fees if money is used for "productive” (gyms, food, rent) versus ”unproductive”
goods (gambling, alcohol, luxury goods). A better method would be setting conditions
on spending in broad categories during recessionary periods, ensuring the money is spent
on essentials or actual ”items” and not vessels for saving.%® Finally, the central bank can
institute across-the-board negative nominal interest rates on CBDC wallets to solve the zero
lower-bound problem.® This issue is discussed in more detail with policy implementation
recommendations in Section 6.2 of the paper. Each person I interviewed was either unaware
or declined to comment on whether the Federal Reserve was exploring any variation of these

four kinds of monetary policy levers.™

Regardless of which experimental approach to monetary policy is chosen, the potential
for tracking and understanding monetary stimulus with big data is an exciting challenge.
To begin to put into perspective how easy it is to track the velocity of money and analyze
monetary spending, I used Venmo data as a proxy for CBDCs, since they are a prevelant
form of digital payment that occurs in the status quo.”* Because Venmo data is collected
in a unified ledger, Venmo payment volume and information can be analyzed, and we can
reveal trends about how money flows through digital payments. Since only Venmo holds pro-
prietary information about the quantity of money being moved through each transaction,

the information is confidential and cannot be accessed by third-party companies, govern-
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ments, or researchers. However, you can imagine the amount of specific information that
can be analyzed if the database was able to reveal transaction or identity information (even
if pseudonymized to avoid revealing personal information). From Venmo’s financial state-
ments, we can get aggregated data about usage, indicating that smartphone digital payment
mechanisms are picking up steam. This points to a well-researched trend that making mo-
bile payments easier and more convenient (from both peer-to-peer and business-to-consumer)

results in efficient financial transactions.”

Year | Total Payment Volume Users

2015 $7.5 billion 3 million
2016 $20 billion 5 million
2017 $34 billion 10 million
2018 $62 billion 23 million
2019 $101 billion 40 million
2020 $159 billion 52 million
2021 $230 billion 70 million

Since Venmo has an option to make transactions public, a simple Python scraping tool
can parse through captions, frequency of usage, and the number of transactions despite not
being able to see who is making the transactions or the monetary amounts. After using this
tool, a dataset of 7 million transactions from just August to October of 2019 was generated
after scraping public Venmo records.” The information found here can identify the time
of day where transactions happen most often for server capacity purposes, what the most
common use case for digital payments is, and the trends of Venmo usage. First, the most

common keywords:

"2Curry, ”Venmo Revenue and Usage Statistics (2022)”
"3Salmon, ” Venmo Transaction Dataset”
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Word Total Uses
Food 135 thousand
UBER 92 thousand
Bills/Bill | 74 thousand
Rent 60 thousand
Love 44 thousand
Gas 42 thousand
Dinner | 31 thousand

By parsing through time stamps on the data, we can see how the usage of financial

transactions changes over time, an ability that is hampered by non-digital types of currency:™

Number of Transactions

[ Rent [l Food

6:00 AM

9:00 AM

12:00 PM 3:00 PM 6:00 PM 9:00 PM 12:00 AM

Time of Day (EST)

This sort of data collection is only the tip of the iceberg and is mostly analyzing some

fun permutations and combinations. An entity or organization that has access to financial

transaction amounts can track how each individual dollar moves through the various parts of

the United States. This is useful for a variety of purposes, including calculating the money

multiplier as it moves through the economy, the exponential effect of monetary stimulus,

and where stimulus should be targeted to create the largest expansionary potential. For

example, something as simple as this Venmo data can help the US government understand

server capacity needs around different times of day and year.”

" Oehmler, ” Venmo Transaction Analysis”
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4.4 Pros: Cost-Minimization & Seigniorage

Printing money and dealing with local central banks is costly - each year, the U.S. Mint
realizes millions of dollars of seigniorage. Seigniorage is costs associated with the issuing of
physical cash currency, noted as the difference between the face value of coins/bills versus
their production costs.”™ In FY2020, the U.S. Mint had a seigniorage cost of 605 million
dollars, and nearly 400 million in 2021 (mainly due to a decrease in quarter and penny
production causing a massive coin shortage in the U.S. financial system).”” Digitization
saves money in the long run and lets us more efficiently disperse money across the economy

during periods of quantitative easing and cash circulation.

Seigniorage and Net Income (dollars in millions,
before protection cost)

668.5

2016 2017 2018 2019 2020

Where do these costs come from? A simple breakdown of the cost of printing, distri-
bution, minting, metal/material costs, and quality-checking reveals a shocking pattern of
inefficiency. Some coins like the nickel and penny cost more to make than they are worth
on the market, and a dollar bill, for example, loses nearly 5% of its value in the minting and
printing process.”® Given that, in fiscal year 2021, the U.S. Mint printed 7.0 billion notes,

these costs compound themselves and foster disequilibrium. FY 2022 projections for print

"6Kuevibulvanich, ”Economic Policy Analysis - Lecture Notes”
"TUnited States Mint, ”2021 Annual Report”
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amounts range from 6.9 billion notes to 9.7 billion notes, indicating that cash printing as the
U.S. moves through a period of financial turbulence is only predicting to increase.” Given
inflationary concerns, employment shifts, the move away from the pandemic-era economy,
geopolitical tensions like the war in Ukraine, and more, instability looks to be incredibly

high, eliciting an aggressive approach from the Federal Reserve.

Note | Cost Per Note (cents) | % of Face Value
Penny 2.1 210%
Nickel 8.52 170.4%
Dime 4.39 43.9%
Quarter 9.63 38.5%
$1, 2 4.9 4.9%
$5 10.9 2.18%
$10 10.3 1.03%
$20, $50 10.5 0.53%
$100 12.3 0.12%

While digitization incurs a high fixed cost, like most business software and technological
solutions, variable costs become negligible. As implementation stretches over a longer time
horizon, theoretically, fixed costs are distributed over many years, reducing average fixed
costs and average total costs in the long run. Research from Payment Canada estimates
that CBDC has the potential to reduce the costs of Seigniorage by as much as 90%, since
production cost approaches zero, the life expectancy of currency is infinite, and there are no

circulation costs.?"
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4.5 Cons: International Financial Inequity

CBDC implementation, by nature, requires access to technological infrastructure, and the
unequal implementation of CBDCs could leave certain countries behind while more advanced
nations propel themselves forward. Given that the currency market is inherently global,
international economists and policymakers are wary of letting smaller countries fall behind
in technological implementation, which could materially impact their ability to trade, engage
in foreign currency markets, have stable inflation-protected currencies, and keep pace with a
potentially cash-less world.®! And, since this paper analyzes the digital dollar, international
concerns should be embedded with the calculus for domestic implementation. A network of
global CBDCs could make cross-border payments and international transactions significantly
easier since infrastructural networks of e-wallets could easily be coordinated between nations.
Without exorbitant fees and regulatory loopholes, a global rollout of CBDCs can allow
exchange rates to flourish and make international finance significantly more efficient than

the status quo.®?

To quantify the difference between countries that invest in CBDCs and those that don’t,
we can simply look at the difference between developed and developing nations with respect
to their implementation levels. This can help quantify the actual economic differential be-
tween countries that are considering CBDCs and those that will be theoretically left behind
in the digitization era. International datasets can be compiled with information about a
country’s level of digitization and economic prosperity, as well as data points about mobile
cellular subscriptions, capacity for innovation as measured by the World Intellectual Property
Organization (WIPO) innovation output score, the scale of the informal economy, and level

of financial development.®3¥4®5 This information can be combined with the international

81Foster et al, ”Digital currencies and CBDC impacts on least developed countries (LDCs)”
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database collected annually that benchmarks the level of CBDC research and implemen-
tation across the globe. In the CBDC Progress Index, I labeled the regimes as such: no
CBDC work (0), preliminary research stage (1), proof of concept or advanced research stage
(2), established pilot program launched (3), or a live implementation of retail, wholesale, or

government-controlled CBDCs (4).8¢ The regression being run is as follows:

Prob(CBDC; = 0,1,2,3,4|x;) = F(By + 51Celly + Salnnov, + PsF DI, + ByTrade, + €;)

The table below summarizes the results from multivariate probit regressions performed

on CBDC project indices regressed on various development variables, with a sample size of

195 countries:

Dependent Variable - Probit Regression | CBDC Project Index | Retail CBDC Index
Phone Subscription (Cellular) 0.014** 0.021**
SEcen (0.001) (0.002)
Innovation Output Score 0.045*** 0.067**
SEwrpro (0.019) (0.009)
Financial Development Index 3.9%* 2.791**
SErinDev (0.867) (0.07)
gt fo Ja el —0.001 —0.02*
SErrade (0.004) (0.007)

FE¥ ¥k /% indicates significance at 1/5/10% level

Most generally, it can be confidently said that CBDC projects are more advanced
in more digitized economies, as defined by cellular subscriptions, high levels of innova-

tion output, and high levels of financial development; this information indicates that those

86CBDC Tracker
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countries who are further along in CBDC implementation not only have the capacity for
technological infrastructure but also have more need for efficiency and settlement services
for their plethora of economic transactions. While it seems like an intuitive result, there are

real material consequences for emerging market economies.

The Impact of ”Dollarization”: The idea of ”dollarization” or ”euro-ization” is the
recent phenomenon where many households and businesses in smaller countries simply use
a foreign currency in daily financial transactions and contracts.®” All domestic business is
conducted in a foreign currency, throwing off money supply and central bank policymaking,
as well as often leading to rapid local currency devaluation. Moreover, more countries are
beginning to peg their currencies explicitly to perceived stable currencies, like the U.S. Dol-
lar.8® When countries peg their exchange rates on the global market, they lose the ability
to have financial sovereignty over deciding to increase the interest rate in response to hyper-
inflation, a problem coined in an economic theory called the "Mundell-Fleming Trilemma
Model”.#¥ The Mundell-Fleming model suggests that if countries set a fixed currency ex-
change rate and allow capital to flow freely with no fixed currency exchange rate agreement,
then they lose the ability to craft autonomous monetary policy. Take a simple example, like
the Hong Kong dollar (HKD), which is pegged 1:1 to the U.S. dollar. If inflation gets out of
control in Hong Kong, the Hong Kong Monetary Authority (HKMA) would want to increase
interest rates, which would subsequently cause the demand for HKD to increase. However,
this increase in the demand would cause the HKD to appreciate, which cannot logically
happen since HKD is pegged to the U.S. dollar! This lack of monetary flexibility is only one
of the many consequences of dollarization, which creates fiscal and monetary power imbal-
ances internationally.”® For emerging markets that are attempting to grow internationally

while also ensuring stability in their local currencies, CBDCs could hamper natural growth
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and increase vulnerability to foreign influence. And, while it is true that dollarization is
inevitable in certain places, the ease and convenience of digital currencies enable substitu-
tion at a faster pace and could result in higher local inflation and exchange rate volatility.
Non-uniform implementation of digital currencies defeats much of the purpose of CBDCs in

international trade optimization.”!

Given that cross-border payment efficiency is listed by countries as one of the top reasons
CBDC enactment, these issues need to be grappled with if we want to truly create an

equitable model of international financial inclusion.

4.6 Cons: Privacy Concerns

Governments are, understandably, very wary about making sure that CBDC implemen-
tation is coupled with stringent regulations about data accessibility, with a strong emphasis
on ensuring privacy for users.”? Though difficult to quantify, it is important to study what
degree of access the Central Bank would want to balance security and privacy, especially

since the BIS survey cites privacy as a leading cause of concern for banks across the world.”

Preferences regarding privacy vary across countries
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Account-based CBDCs are efficient because central banks will honor the claims of users
and store them within a centralized digital ledger controlled by the Federal Reserve. The
value would be encrypted by a secret key in which the storage of the data is either managed
by a trusted third-party private company contracted by the federal government or non-
custodial, meaning it is stored physically on the device of the user that receives the payment.
In practice, a balance could be struck between the two - while non-custodial designs help
provide universal access, less financially literate consumers could lose access to their funds
if they forget their private encryption key or accidentally leak it. Data controlled by third
parties or directly on the e-wallet app helps to create centralized ledgers of transactions and
all user credentials, which can lower risks associated with being locked out of accounts and
creates network effects for data collection purposes.?® These are challenges to data privacy
that need to be legitimately considered, especially when the data is all personal financial
transactions, and is regulated heavily by a variety of federal, state, local, and private entities
that have rules of storage of confidential information in databases. Optimal policy design

for data access is described in detail in Section 6.5 of the paper.

Many of the aforementioned benefits of digital currencies hinge on being able to track or
analyze data with some level of granularity; this includes cracking down on financial crime,
stopping tax evasion, analyzing how money moves through the economy, and more. Thus, a
balance needs to be found between the interests of privacy/anonymity and enforcement /data
analysis, a debate that was prominent during the post-9/11 period of mass U.S. surveillance.
While authors like Bech & Garratt have argued for completely anonymous ledgers with a
token-based cryptocurrency-like design, I believe that this is unrealistic, especially from a
regulatory standpoint.”® Regulatory laws demand that central banks design CBDCs that
conform to disclosure requirements, even though combating terror funding and money laun-

dering is not a core central bank objective. Striking a balance between data privacy and

94Darbha and Arora, ”Privacy in CBDC Technology”
9Bech and Garratt, ”Central Bank Cryptocurrencies”
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protection and reducing illegal activity will require coordination with domestic government
agencies like tax authorities and local money laundering task forces and operations, which

can be a legitimate challenge.”

In a recent international study, “46% of respondents stated they would NOT trust a
digital currency issued by their government or central bank.” While this is higher than
trust in Privately-Issued Crypto Assets, it reveals a trend of mistrust in institutional checks
and balances.”” This is an issue that needs to be alleviated, but one that may be difficult to
work around - for example, in countries like the People’s Republic of China (PRC) where the
digital yuan is in a full pilot stage, distrust of the currency is high simply because of the lack
of anonymity of transactions. Citizens are understandably wary of how their transactions on
the digital yuan are being tracked by government officials, and whether this information can
be weaponized against them.”® As digital currency moves towards more authoritarian and
less benevolent countries, privacy concerns become exponentially more important, and the
US needs to ensure that it is careful about data collection and storage. In general, however,
it seems the tide of public opinion, at least in the United States, is shifting. Doing natural
language processing (NLP) from notable central bank speeches, sentiment is turning more

positive, which can signal better trust with data from the general public.”
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4.7 Cons: Data Security & Cybercrime

Cybercrime is on the rise now and data security for the centralized ledger should be
a top priority for digital dollar design. Using data from IC3 under the Federal Bureau of
Investigation, we have evidence that as malware and hacking become more sophisticated and
technologically advanced, cyber attacks continue to rise. This has effects that spill over to
cause identity theft, loss of private personal information, and unauthorized access to funds.

The graph below shows the amount of monetary damage caused by reported cybercrime.!%
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This naturally raises the question of how to circumvent these problems through optimal
wallet design. Given the ways that attackers have become more sophisticated, malware
and side-channel attacks could be used to get login and key credentials from an individual’s
device.!%? Any system needs to also have built-in credential recovery mechanisms which could
be exploited if the data was not stored securely. One common workaround that is proposed
in the literature is using blockchain technology, which would encrypt all transactions such
that two other trusted parties would need to hold credentials to the same wallet. These are
called "multi-sig” wallets, where the Fed itself or family /friends of the user hold credentials
to the same wallet; however, they are significantly less user-friendly, since it would require
each transaction to need the approval of another party.!% 2-Factor Authentication using the
Federal Reserve as the "multi-sig” repository is the most logical solution - every time you
conduct a transaction, you would need a one-time passcode (OTP) from the Federal Reserve

to ensure security within your transaction.!%

Another concern is that the government needs to have the ability to freeze or withdraw
funds in certain cases, which is completely in line with other digital payment mechanisms
and only used in last-resort cases. Because this role is an integral part of the requirement
for a CBDC, it also opens the door for vulnerabilities if malicious actors can get inside of
the system. Thus, strong regulation needs to be in place to ensure strong information tech-
nology (IT) solutions and a cybersecurity risk-management plan that designates when these
protocols should be used. Multi-sig wallets make these attacks significantly more difficult as
well.1% As for the general master ledger, by partnering with private bank institutions and
third-parties that already have robust security mechanisms to ensure that their financial data
is not hacked, we can ensure some level of baseline security. End-to-end encryption of data

that must be accessed with a secure and stable key also makes it extremely difficult to hack
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into the entire database, since each transaction is secured with its own unique marker.'%

The recommendation for how to structure digital wallet security is discussed at length in

Sections 6.2 - 6.4.

106 ee, "CBDC Wallets and the Security Requirements”
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5 Theoretical Results - A Macroeconomic Model

A robust macroeconomic model is necessary to consider theoretical implementation and
optimization frameworks for Central Bank Digital Currencies, since data availability is sparse
and it’s difficult to move outside the realm of theory because of the amount of confounding
variables. The model is based off the findings of Massimo Minesso Ferrari, Arnaud Mehl,
and Livio Stracca in their paper ”Central bank digital currency in an open economy,” and

the process is replicated with interesting findings:1%”

5.1 The Digital-Cash Hybrid Model - Optimization Framework

The first essential equation is a representation of the theoretical relationship between cash
and CBDCs in the economy. Since CBDCs are meant to coexist with cash in the short-term,
we need a model to consider how a person decides between their amount of cash holdings

and amount of CBDC holdings when presented with both options in a vacuum.

CBDC __ Oxpxr Cash
p —x A

O.CBDC — (1 -6 - 10+ X>O.Cash

There are three crucial parameters here. First is ©, which is a person’s preference for
liquidity, or immediate access to funds, with a value of 1 meaning that CBDCs are exactly
equivalent to cash. © cannot be 0, since that would mean that digital currency is as illiquid
as a certificate of deposit (CD) or a bond that cannot be touched for a certain number of
years, which is an illogical conclusion. Instead, it is most likely that © is greater than 1
because it provides liquidity services that are better than cash or other alternative forms of

payment. There’s evidence to suggest this is true: it’s more secure and accessible on your

107Ferrari, Mehl, and Stracca, ”Central bank digital currency in an open economy”
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phone, it is a more appealing form of payment to people because of its ease of usage, and it
doesn’t have large storage costs, especially if you have a lot of wealth. Second is x, which
is the switching costs or inconvenience costs of moving to the digital currency platform.
Regardless of how the program is implemented, there is a time and labor cost associated
with switching over to a new payment system, hence defining y as the ”convenience cost
of CBDCs,” which could include a number of things. Since people tend to be resistant to
change with status quo bias, this force may be quite large. Third is r, which is simply the
nominal interest rate that you would earn on CBDC holdings, which will (the majority of the
times) be positive, since cash earns little to no interest. Fourth and finally is p, which is the
miscellaneous benefits of CBDCs, including its ability to be used for cross-border payments,
network effects, its potential for more efficiency, or the hypothetical increase in economic

productivity as a result of the policy.

Next, we can write an equation for household utility to maximize, where C; is current
consumption level, C;_; is yesterday’s consumption level, 3 is the discount factor, L(i) is
the labor hours worked, M; is cash holdings, P, is the price level, DC} is digital currency
holdings, all the o values are relative elasticities of substitution, and all the us are scaling

08

parameters.!® All other variables can be substituted from the relationships established

above between cash and digital currency:

Cash CBDC

My l1—0o DCy l1—0o

— l-0o . . =t ==t
UHH) = (Cy ﬁlc_t:) _ fol L(i)di + piCash Pf,acm + uCBDPC Pf_UCBDc

We asssume that households have traditional Constant Relative Risk Aversion (CRRA)
utility preferences for wealth, meaning they have diminishing marginal utility of wealth.
Next, the household budget constraint, where e; is the exchange rate, B} is domestic bonds
and B! is foreign bonds, D; are deposits, w; is the wage rate, r; is return on bonds, J is the

storage cost of cash, and all other parameters are the same:

108 Ferrari, Mehl, and Stracca, ”Central bank digital currency in an open economy”
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How can we interpret this equation? It’s relatively simple past all of the math - your
current level of consumption plus whatever bonds you buy, along with anything you hold
(deposits, cash, or digital currency) must be less than or equal to whatever you earn. Your
earnings in the model includes your labor income, the return on your domestic and foreign
bonds that you bought in the previous time period, as well as your return on deposits, return
on digital currency (nominal interest rate), less the storage cost of cash. The storage cost
of cash includes two components: 1)holding costs of physical cash, and 2)the inflation rate,

since cash depreciates when it lies outside of an interest-bearing account.

The last agent is the government, which sets the federal funds rate (FFR) based on a

simple Taylor Rule, controlling inflation and GDP growth!%:
IN(FFR;) = (1 — a)in(FFR;_1y + ln(m) + 0In(Y; — Y1) + Res + &

When a central bank makes a decision to issue CBDCs, it can do it either through
balancing and analyzing the Taylor Rule above or through another mechanism. A couple
of other options include simply targeting a long-term equilibrium interest rate and setting
policy accordingly or issuing a fixed quantity of yearly GDP that grows at a certain rate
(DC; = ~ xY;, where then DCy = P, % (DC; — DCtOptim“l). Once we have all the baseline
players in the economy set up, the next step in Lagrangian optimization is taking first-order
conditions (FOCs). The first two FOCs are not that interesting, and simply identify the
bond-holding conditions, but they’re useful to have as reference for future steps and to show
the steps involved in the math:

A
(B4 ) = 1

109K yevibulvanich, ”Economic Policy Analysis - Lecture Notes”
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exp(e)(Cr — hCi1)™7 — e Bhexp(er1(Crr — hCy) ™7 = N

The next two FOCs are interesting. The first one is:

_ ~Cash
uCashm o

as A
= )\t — €t5c h(ﬁﬁ)
This equation is the Lagrangian optimization framework for cash, with m; being the
amount of physical currency that you choose to hold when presented with a CBDC option.

Before we analyze the equation, we can plug in the values from the first baseline equation

that derives CBDC utility in terms of its relationship to cash to analyze the other costs.

CBDC , i Cash( g At+1
X 1 * M 0—6—p+x) — )\t — eté as (6 + )

O pr Tt

There are a few interesting conclusions to be gained from this equation. First, a house-
hold’s demand for non-digital currency increases if and only if the marginal utility of cash
is positive AND marginal utility is non-negative. More interestingly, the demand for cash is
decreasing with respect to the inflation rate and holding costs associated with physical cur-
rency. This is a logical conclusion - we tend to think of the inflation rate as being a ”shadow
cost” of holding cash (i.e. that since cash grows at no interest rate, inflation decreases cash’s
real value and thus is continually devaluating as the inflation rate goes up.) Once we plug
in the baseline relationship, we can also see that as the interest rate on CBDCs goes up, it
increases the incentive to hold digital currency. CBDC holding is also proportional to your
level of liquidity preference, decreasing with respect to the switching/inconvenience cost of

switching, and increasing with respect to the addition of other miscellaneous benefit.'? The

second FOC is:

DC 3,.—oPC _ Cash DC At41
u de = /\t — €t5 (ﬁ'f’t T—o—l>
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While the first equation was demand for cash, this equation is the demand for CBDCs,
with DC} denoting the holdings of CBDCs minus the prevailing inflation rate, indicating your
real holding quantity level of digital dollars. They key differences here are the dynamics of
a potentially negative interest rate for CBDC e-wallets as well as the elimination of the ¢
holding costs associated with holding cash. Demand for CBDCs increases as long as the
marginal utility of cash is positive and marginal utility is non-negative as well as when the
interest rate increases (a feature not present with cash), and demand decreases in the inflation
rate. We can combine these two equations to derive an equation in terms of marginal utility

to remove the lambda factor:!!!

—1

my = [——((U'(dey) + Be, 22 (1PC — §gen))] 505

UCash Tt+1

This final equation allows us to express the demand for cash as related to the demand for
CBDCs. Demand for cash is inversely correlated with the marginal utility gained from the
holding of CBDCs. It is also positively correlated with the liquidity benefits provided by cash.
Households also balance this with the physical costs of holding cash, captured by §¢*" < 1
and balance it against the interest gaining benefits from CBDCs, which are represented by
rP¢ > 1. Whichever of these factors is larger dictates the tradeoff between physical and
digital modes of payment, and theoretically, the CBDC factor would be larger given that it
grows at some nominal rate of inflation. Ferrari’s paper delves into complicating the model
with an understanding of how the foreign and international CBDC models would interact
with each other with an understanding of exchange rate fluctuations, which is extraneous to

a model for the blueprint for the digital dollar, but an interesting topic for future exploration.

Hlihid
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5.2 Policy Lessons & Conclusions

What are the lessons from the cash-CBDC model that can be used to supplement policy

recommendations and weigh the general equilibrium effects of CBDC implementation?

1) Policymakers should find ways to decrease switching costs from cash to CBDCs. If
status quo bias overwhelms the benefits of digital currencies, people will feel no need to
change the way they transact money. Offering incentives to deposit/transfer or increasing
the ease of switching through physical and digital infrastructure investments can help make
it easier for people to slowly move. China actually created a lottery-system and gave away
free money (the equivalent of around $32) to a random 200,000 people who signed up for
the digital yuan pilot program.!'? Once a critical mass of people and businesses switch to

digital dollars, network efforts will push towards exponential growth.

2) Strong implementation should aim to increase the perceived and actual convenience
of digital money to change the household’s liquidity preference parameter. This includes
a variety of things, including making the wallet user-friendly and easy to navigate, offer-
ing accessibility opportunities for those in low-Internet areas, and enabling quick seamless

transactions.

3) A high nominal interest rate exponentially increases digital money holdings. This is
self-explanatory: given that cash earns zero interest and growss slowly in bank accounts, a

high nominal interest rate creates incentives to move money to the digital wallet.

4) High inflation regimes benefit digital money usage. Since inflation is a shadow cost of
holding cash, high levels of inflation drive people away from cash. Additionally, as inflation

rises, nominal interest rates increase in digital wallets.

5) The Federal Reserve should minimize any holding costs associated with having digital

2R euters, ”Chinese central bank’s digital yuan given trial by lottery”
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currency, including the elimination of minimum balances or excessive fee structures. Holding
costs for cash are a large deterrent to storing all wealth physically, including storage costs and
bank fees/minimum balance requirements. Elimination of this differentiates digital currency
from cash and offers benefits for low-income underbanked communities who are skeptical of

commercial banking systems, thus promoting more financial inclusion.

6) Digital currency demand will increase if there are other benefits to be gained, including
cross-border efficiency, perception of economic security/privacy, and economic prosperity.
This highlights the necessity of complementary tools for implementation, including proper
management of data, integration with international systems for interoperability, and effective

experimental monetary policy tools.
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6 Part 2: Policy Recommendations

Since we have theoretically and qualitatively proven the potential of CBDCs to succeed
in the United States, the natural next step is to think about how to coordinate the moving
parts. Sub-par and hasty implementation of digital currencies has the potential to destroy
exchange rate stability, reduce the flexibility of the Federal Reserve in responding to crises,
exacerbate financial inequality, destroy the financial technology and services industry, and
move the economy out of general equilibrium. While these seem like exaggerations, the
consequences of currency policy are extreme in magnitude and ripple through all facets of
the economy. The purpose of the rest of this paper will be to quantitatively and qualitatively
recommend best practices for digital dollar implementation to establish a feasible blueprint.
The following section is a fleshed-out list of 7 key recommendations that are crucial for

implementation of central bank digital currencies in the United States.

6.1 Recc. 1 - Account-Based Retail CBDC

Account-based retail CBDCs are the most practical and comprehensive form
of FIAT currency that should serve as a blueprint for the digital dollar. There are two
fundamental types of CBDCs, wholesale and retail. Wholesale CBDCs, which have been
implemented in a few countries, are a digital currency that is only available to institutions
including, but not limited to, local and chartered financial institutions, third-party banks,
government organizations, and publicly-held companies. Retail CBDC, on the other hand,
which has been analyzed for this paper in the macroeconomic model and the pros/cons,
is available to all businesses and citizens of the US, making it truly public.® The cur-
rency would be accepted in regular business transactions and could pass from peer-to-peer,

business-to-business, or consumer-to-business. Within retail CBDCs, there are two major

H3DiPippo, ” Options for a Digital Dollar: Central Bank Digital Currency and Stablecoins”
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types: account and token. Token-based digital currency would be like paper dollars and
cents, allowing for anonymity in transactions and creating an end-to-end process that goes
through without Federal Reserve or US Treasury interference. In contrast, account-based
CDBCs are held in the form of a digital wallet, and all balances are held directly in a ledger
controlled by the central bank. Money cannot anonymously circulate, but instead moves sim-
ilar to bank transactions, where you need to transfer money out and deposit money in, with
all transactions recorded in a digitized ledger.!'* Senator Sherrod Brown unsuccessfully pro-
posed the Banking for All Act during the passing of the CARES Act during the onset of the
coronavirus pandemic, advocating for an account-based digital dollar wallet that is controlled
by the Federal Reserve. The funds would be available through an app called FedAccounts,
which would help all Americans receive their stimulus payments directly rather than through
the Treasury mechanism used. It promotes many of the financial inclusion benefits described
earlier, having no minimum balance requirement and no fees for over-drafting, with protec-
tion of all of their data and anonymity during transactions.!'® While the proposal seemed to
be a bit too early given the level of infrastructural commitment, it points to a broader trend
of a commitment in DC towards account-based retail central bank digital currencies. Cash
should not immediately be removed from circulation in the economy. Rather, a
gradual phase-out after a comprehensive evaluation of usage metrics and success is necessary

to ensure a smooth transition from physical to digital financial transactions.!1®

An alternative suggestion within economic literature is a wider adoption of stablecoins.
Stablecoins are a new class of cryptocurrencies that offer volatility-shielding benefits by being
linked to a reserve asset. These coins peg their value to an external reference like the price
of a commodity or, more commonly, a specific currency like the US Dollar. They claim to

offer the "best of both worlds” by allowing for decentralization and instant processing of

4K eister and Monnet, ” Central Bank Digital Currency: Stability and Information”
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payments along with offering protection against large amounts of investment volatility.'”

While stablecoins were once thought of as purely a store of value, they have slowly evolved
into a legitimate means for financial exchange, with monetary institutions and private actors
using stable cryptocurrencies as payment vehicles for various types of business and consumer

transactions.!®

While a model of CBDC and stablecoin co-existence is feasible, in the face of choos-
ing one or the other, centrally-owned digital currencies are favorable to privately-controlled
stablecoins for four reasons. First, from a regulatory standpoint, since CBDCs are cen-
trally controlled by governments, they are only surveilled under the purview of government
authorities. However, stablecoins can be subject to "regulatory oversight from multiple agen-
cies, depending on their classification as assets, securities, or even money-market funds.” !9
Second, stablecoins have no exchange value with any other international currency. By be-
ing publicly controlled, CBDCs facilitate interoperability and cross-border efficiency, since
collaboration amongst established country governments is favorable to fragmented private
authorities. Additionally, since international transactions would fall under the scrutiny of
the Financial Action Task Force, stablecoins regulations would be extended across borders
to other countries as well, greatly decreasing the potential for global collaboration.'?® Third,
the decentralized nature of stablecoins reduces their potential to be used for specific mone-
tary policy interventions, financial crime tracing, and robust data collection. To understand
trends in spending patterns and the velocity of money, an authority would require private
permissioned access to the central ledger. Granting private access to the stablecoin ledger
is the antithesis of decentralized cryptocurrencies, which attempt to democratize finance by
making all ledger information public and anonymous on the blockchain. Finally, CBDCs

would be guarded by reserve assets of a country as compared to stablecoins, which solely

HTnvestopedia, ” Stablecoin”
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use private money and are not controlled or managed by any private or public entity. This
makes CBDC accounts relatively safer and better insured in case of liquidity problems or

financial panic.!?!

6.2 Recc. 2 - An Interest-Growing CBDC Wallet

How should money grow in digital wallets? There are three main options presented here,

in order of least to most desirable:

Inflation-Growing CBDC: Under this option, CBDCs would grow at the rate of in-
flation so they have constant real value. This is probably the worst solution. As long as
monetary policy keeps inflation relatively stable (which is almost always true except for the
"not-so-transitory” period of inflation we are currently experiencing), the rationale for price
indexing is not very clear.'?? It also largely limits the ability of the central bank to step in
when aggregate demand is low and real interest rates are negative. If real rates are negative,
then a CBDC account would need to have a zero real interest rate, which creates a zero lower
bound on REAL interest rates.'*® This is much worse than a zero lower bound on NOMI-
NAL interest rates, which is what currently exists, and it would destroy any ability of central
banks to shift the federal funds rate by more than a few basis points. Therefore, quantitative
easing (QE) would become pretty much the only solution for boosting the economy, and it

is illogical to reduce the number of instruments available to the central bank.

Zero-Interest Cash-Adjacent CBDC: The second option is that CBDC deposits are
exactly like cash, which means they do not multiply and just maintain their value. This is
the most neutral option because it likely would not change the landscape of fiscal policy,

but its flaw is in its neutrality. It represents very little change from the status quo, which

121ihid
122 Agur, Ari, and Dell’Ariccia, ”Designing central bank digital currencies”
123B1S, Central bank digital currencies. Technical report,”



5}

means we would likely incur a heavy loss in fixed costs if this were implemented nationwide.
This could hurt aggregate demand since when interest rates are positive (which is pretty
much always), households would just decide to move all of their funds out of zero-interest
CBDC accounts. Here, there would be essentially no monetary policy benefit, since it has
very few distinguishing factors from cash.'?* And, since there is status quo bias, usage of

digital currency would suffer as people would be reluctant to switch.

Interest-Growing CBDC - The Best Option: Central banks have continued to
struggle with the zero-lower bound (ZLB) problem during times of economic crisis. Since
the central bank cannot make interest rates negative (or everyone would take all their money
out of the bank), the Federal Reserve runs into problems when interest rates are already
historically low and cannot be dropped further. This means the Fed has to pursue other
unconventional methods of monetary stimulus like forward stimulus and huge balance sheet
purchases, which are significantly less effective. And, since the Fed moves the real interest
rate (nominal interest rate minus rate of inflation), the steady decline of the real interest rate
is of large concern for policymakers. This can cause a worst-case scenario: a deflationary
spiral. As inflation plummets, real interest rates will rise (since it’s defined as the nominal
interest rate minus the inflation rate). However, since the Fed cannot move nominal rates
lower than zero, it will inadvertently tighten the economy because it cannot offset the change
in real rates. This causes inflation to fall more, real interest rates to rise, monetary policy
getting less effective, and a deflationary spiral.'?® This is the problem with the zero-lower
bound and historically low interest rates. Economists agree that being able to set short-term

nominal interest rates slightly negative would solve this issue and create economic stimulus.

Fundamentally, CBDCs remove the ZLB problem by allowing the interest rates on wallets
to be slightly negative, with money essentially being made as a payment to the Fed from the

digital wallets. Negative interest rates are so effective because they encourage households

124ihid
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to spend their money immediately, since saving money results in a negative expected value
within the CBDC wallet. And, since rates move together, interest on reserve balances and the
federal funds rates would follow to low (albeit non-negative) levels, making other alternatives
unprofitable.'? While this sounds like an unfair implicit tax, keep in mind that this is a
policy tool that is used sparingly and for extremely short periods. How negative would rates
be? After the 2008 financial crisis, the Federal Reserve released a statement indicating that
being able to reduce the rate to -8% would’ve mitigated the risks to the economy and boosted
aggregate demand to a sustainable pre-crisis level. If this were implemented in a world with
CBDCs, that means that over the entire course of the crisis (which is relatively short), you
would lose 8% of the value and it would be paid to the U.S. Treasury.!?” While this seems
drastic, consider this as being one of the absolute worst-case scenarios for negative interest

rate usage during a historically bad recessionary period.

The important fact is that during times of prosperity and productivity, which is the
majority of economic cycles in the US, CBDCs will grow at some nominal interest rate like
a savings account. Milton Friedman, in 1960, argued for this approach (albeit without all
the blockchain and digital currency references), when he argued that government money
should earn you the same return as any other risk-free asset in the economy to be an efficient
system.'?® This option also offers the most flexible central bank policy by allowing the Fed to
reduce interest rates when necessary to stabilize prices and encourage economic growth.!?’
However, since cash accrues zero interest, people are incentivized to store money in cash
when nominal interest rates are negative, which did happen during the bank panics of the
early 1930s. Ideally, cash would be phased out so it is not an option for currency holders.
However, given that this is unrealistic, I propose two things. First, implementing fees on

large and continual transfers from CBDCs to cash to make it unprofitable for investors to
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immediately rush to cash when nominal interest rates are negative, so the policy is not
constrained by the ZLB. Second, allowing account holders to have a reserve balance of a few
thousand dollars that was guaranteed to not lose value even when interest rates dropped
below zero, an amount that would certainly not affect the monetary policy decisions of the
Federal Reserve. If implemented correctly, there would be no need to maintain any inflation
buffer, and the CBDC interest rate (along with other aforementioned monetary policy levers

in Section 4.3) could become a very important tool.'3

6.3 Recc. 3 - Semi-Centralized Blockchain-Built Ledgers

To store and manage a ledger of millions of transactions, it is necessary to envision what
kind of technological infrastructure is necessary. For some background, a ledger is a simple
record book with information about financial transactions, including detailed information
about the sender, recipient, transaction amount, time, date, and more.!* While decentral-
ized blockchain technology exists and is used for a wide variety of cryptocurrency payment
processing, any existing ledger will be unable to handle the amount of data flow that would
move through a Retail CBDC system. In addition, in contrast to cryptocurrency ledgers,
which are decentralized and public, a CBDC ledger would need to not only be private, but
also be structured in a way such that the Federal Reserve and relevant government author-
ities can make changes (altering, reversing, or deleting transactions). This naturally rules
out the option for a fully decentralized blockchain ledger (despite its success with Bitcoin
for over a decade) since there is no way a central authority like the Fed could ever reverse

transactions, change transactions, or intervene in any way.'3?

While a fully-centralized blockchain-based CBDC ledger is the first natural conclusion,
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it has a few structural problems. While the information would be distributed amongst
multiple locations and data centers, a fully centralized ledger that is controlled only by the
Fed means concentration around a small number of servers. While smaller infrastructure is
easier to coordinate and manage, it remains the most vulnerable to third-party attacks and
malicious data breaches.!3® Deleting transactions from the ledger, rolling back or delaying
software processes, or stealing identity information is facilitated when the server storage is
controlled by one entity managing one ledger. As such, a more complicated hybrid approach

is necessary.34

Therefore, a semi-centralized hybrid blockchain-built ledger is optimal for CBDC
implementation. This entails two important differences from the fully-centralized model.
First, the CBDC is managed by a set of independent parties picked by the Federal Reserve -
this would likely include a variety of commercial banks, payment infrastructure companies,

135 Of course, this requires relinquishment of complete control by

and financial institutions.
the Federal Reserve, but given the logistical necessity for the processing of millions of transac-
tions, delegating implementation and regulation responsibilities to third parties is a logical
solution. Having hundreds of independent operators requires strict codes and regulations
that would bar these entities from making changes to the ledger at will and an agreement as
a government contractor that would include strict punishment for backsliding. This process
reduces the logistical burden on the central bank while also allowing for more data safety
from malware and hackers since the ledger is now spread amongst various groups.'®® The
second key difference is that the master ledger is split into multiple parallel ledgers, and each
ledger is linked to each other while operating on completely different servers, meaning the

potential to add an infinite number of parallel chains as server capacity is expanded. Yin et

al 19 in ”Hotstuff: BFT consensus with linearity and responsiveness” and Baudet et al 19 in
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”State machine replication in the Libra blockchain” have studied ”state machine replication
solutions” to resolve the problem of difficult communication across various nodes and greatly
optimized this process.!3713¥Meta’s (formerly Facebook) Libra, a blockchain-based payment

system, operates algorithms similar to these two findings.

This option allows for the ledger to be built upon blockchain technology by creating a
shared ledger that is private and permission-contingent, capturing all the benefits and flexi-
bility of decentralized technology while simultaneously allowing control from the central bank
and authorized third-party coordinators. MIT has begun working with the United States
Federal Reserve to create a pilot architecture to test semi-decentralized payment processing
in their experiment titled Project Hamilton. Their Phase 1 studies show remarkable results,
with a processing power of over 1.7 million transactions per second. Amongst those transac-
tions, 99% of transactions were completed in less than one second, and more than half of all
transactions were fully processed end-to-end within 500 milliseconds. The infrastructure is
emergency-resilient; the processing power does not decrease and no data is lost even if two
whole data centers are completely offline (due to server network issues or natural disasters),
and the process scales as more servers are added in case more computing power is necessary
during peak hours.'®® This kind of technology has been proven to be, in studies by XRP
Ledger and Ripple platformers, 61,000 times more efficient than public blockchains.!4’ Phase
2 studies will attempt to re-optimize and add considerations for data privacy and storage
as research on CBDCs continues at MIT.'*! Other researchers are delving into the specifics
of blockchain implementation, conducting surveys from central banks, gaining insight from

how central banks have created use cases for blockchain, and summarizing literature from

137Yin et al, ”HotStuff: BFT Consensus with Linearity and Responsiveness”

138Baudet et al, ”State Machine Replication in the Libra Blockchain”
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proof-of-concept prototypes.142143144

6.4 Recc. 4 - The Private Sector - Account Creation, Authenti-

cation, & Transactions

Given the lobbying size and sheer force of the private commercial banking industry and
financial services companies, cutting out the private sector is infeasible. Creating collabo-
ration and capitalizing on existing financial infrastructure can help promote private-public
collaboration through the account creation, authentication, and transaction period. The
first key issue to reconcile is account creation and management. Each account would need
to be created on the smartphone app (it was called FedAccounts in the hypothetical bill
proposed by Senator Sherrod Brown) and each person has an account on the app linked to
their personal ID. Delegating account management is a key feature of the People’s Republic
of China’s rollout of the digital yuan as well as in various pilot projects like the Bank of Eng-
land’s digital pound. Working with commercial banks, the Federal Reserve could delegate
the responsibility of account management and creation so it doesn’t have to create its own
infrastructure; this also has the added benefit of letting citizens feel less of a change during
the transition period, since they could still continue interaction with their local banking
institution.!*® The Bank of England refers to these groups as "Payment Interface Providers
(PIPs),” and they can compete with one another to acquire customers and integrate members
onto their systems. I propose delegating account creation and management respon-
sibilities to commercial banks and other authorized Payment Interface Providers

(PIPs). This allows for the central bank to tap into the robust network of commercial banks

142Boar, Codruta, and Wehrli, ” Ready, steady, go?”

143Dashkevich, Counsell, and Destefanis, ”Blockchain Application for Central Banks: A Systematic Map-
ping Study”

1440pare and Kim, ”"A Compendium of Practices for Central Bank Digital Currencies for Multinational
Financial Infrastructures”

145 Andolfatto, ” Assessing the impact of central bank digital currency on private banks”
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and their customers while giving these groups incentives and responsibilities for managing
parallel parts of the ledger. From a political and lobbying standpoint, it would make CBDCs
significantly more favorable for commercial banks and the financial sector. Companies like
VISA have already begun conducting their own research about how to scale their existing

platforms to account-based retail CBDC projects.46

There are various approaches to ID verification; having naive identity verification tools
will not suffice for account creation, and are generally not used in the industry for the
management of financial data. Email accounts are easy to fake and create, phone numbers
(while mostly foolproof) are also subject to anonymous prepaid plans, and CAPTCHAs
can easily be cracked using machine learning. While other options remain possible, the
most logical first step is to use existing bank infrastructure of in-person identity
verification, where the account holder brings a driver’s license, birth certificate, social
security card, or passport to an in-person office along with something to prove residence
in an address to create an account.'*” Other digital mechanisms exist but require more
sophistication before a full-scale roll-out. For example, video identity management has gained
popularity, with a requirement for a recorded live video to prove your identity to a machine
learning camera algorithm. However, these have been subject to attacks from advanced
deepfake technology and algorithm manipulation that are difficult to remedy. A person’s
identity on a CBDC digital wallet would include all relevant personal information about
them similar to any other bank account. The figure below from the Brookings Institute

paper by Allen et al shows a typical transaction and the three crucial steps.'4®

Once an account is created, how does a transaction take place from one user to another
on the private-public CBDC network? There are three major steps as labeled in the figure.

First is the simple process of getting into your account, which should include some form of

146 Carney, ” Central Bank Digital Currency - Opportunities, Challenges and Design.”
147 Allen et al, ”Design Choices for Central Bank Digital Currency - Policy and Technical Considerations”
148:1.;
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a simple pin/password, or, increasingly, some sort of biometric proof of identity like Apple’s
Face ID or Touch ID. The second step is the authentication of the actual transaction (i.e.
making sure that it was the sender who authorized the payment or transfer) which is the
most complicated part of the process. While the most simple solution is to greenlight all
intermediary transactions that go through authenticated users, this makes it very easy for
hackers to compromise a single intermediary infrastructure and create fake transactions once
they’re into the system; additional security mechanisms are necessary to ensure multiple
barriers to entry.'* Cryptocurrency exchanges work around this using a private-public key
system and digital signatures; when a transaction happens, a public key that is associated
with the specific account is verified using a private key that only the individual has access
to. This means that even if a Payment Interface Provider is compromised, they cannot
forge transactions from another account because a private key is inaccessible to anyone but
the account holder.!®® The reason for this is the concept of pure decentralization, but in
a system where the Central Bank has sole control over accounts, it can store private keys
for users; thus, digital-signature CBDC authenticates users by creating digital signatures

151

through centrally-stored private keys for each transaction. A digital wallet would store
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a user’s private keys inside of the app itself and makes it available through hardware for
them when they need to access the software-side transaction power of CBDCs - however,
what happens if a user loses access to their physical phone or wants to use another device
for CBDC transfer? Because of the centralized nature of the program, the Central Bank
and all PIPs can "revoke the public key and corresponding private key associated with an
account, and authorize new keys,” with regulations established for when to authorize such
transactions.'® The third and final step of the transaction happens the quickest, which is
the transmission of information to the central CBDC ledger; this data byte would include

all relevant details about the digitally-signed process.

6.5 Recc. 5 - Privacy Concerns and Access to Data

A core issue with a model of currency exchange where the Central Bank controls infor-
mation is the level of non-private data collection. Cash transactions that would’ve otherwise
gone unnoticed or card payments for which records only exist between banks and clients
are now stored in a centralized ledger. There is a crucial balance that must be struck be-
tween security (flagging illegal transactions and money laundering) and privacy (accessing
information about citizens in intrusive ways). Without trust in government and faith in
fair use, users could become wary of using CBDCs and volunteering information over to the
public record. Survey results from Goldfarb and Tucker show that consumers are becoming

more concerned with consumer and financial privacy, especially in the wake of Snowden leaks

about NSA overreach.!3

There are two extremes: 1) a CBDC where you have complete real-world identities and
all information is fully visible and accessible by the central bank. Oversight of how the data

is used would be controlled by regulatory and policy rules set by government. 2) a CBDC

152ihid
153Goldfarb and Tucker, ”Shifts in Privacy Concerns”
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that is essentially ”digital cash,” which is fully anonymized like cryptocurrency but would
enable illegal transactions. There is a middle ground that should be established, but this
is an area where the Central Bank will need to decide how much authority it requires.'®
Because the ledger is non-public and requires permission to access, anonymizing transactions
using anything beyond pseudonyms is unnecessary. A problem with public ledgers is that
hackers can understand transaction patterns and deanonymize Bitcoin addresses to link to
them to people; in a world in which the ledger is completely inaccessible, this ceases to be an
issue. For transaction and identity anonymity, algorithms are able to check and process data
to see anomalies and potential security breaches. However, while the transaction is stored in
the ledger and accessed by humans, they are unable to see the transaction amount, reason
for payment, the parties involved, or other information about the process. This ensures
that human intervention is involved only after an artificial intelligence algorithm flags a

transaction as suspicious.!%®

There is work being done on how to envision privacy rules and regulations about data
access for CBDC ledgers from a policy perspective, creating scenarios and thresholds that
warrant intervention. This includes algorithmic numeraire for transaction frequency, account
creation limits, transaction amounts (a suspicious amount or establishing strict limits), new-
ness of accounts, and more. These computer-generated thresholds preserve privacy since they
require little human intervention, and can work within proactive compliance and retroactive
compliance. This is a machine learning supervised task that require collaboration amongst
various organizations to understand trends in financial transactions and use a computer to
find patterns where humans cannot. Other authors consider the warrant-generating process
necessary to flag an account, and how judicial systems would be lightly involved for disclo-

sure of confidential information from third parties in the ledger.!56157158Qther authors have

154K eister and Sanches, ”Should central banks issue digital currency?”

155 Allen et al, ”Design Choices for Central Bank Digital Currency - Policy and Technical Considerations”
156Hinge, ” Anti-money laundering and countering the financing of terrorism”

157Segal, ” Central Bank Digital Currency, Design Choices, and Impacts on Currency Internationalization”
158 Feigenbaum, ” Multiple Objectives of Lawful-Surveillance Protocols”
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been analyzing how models from privacy-forward cryptocurrencies like Zcash can be applied
to a blueprint for a CBDC, finding that these payment systems can anonymize transactions

and flag suspicious behavior with little human intervention.®®

However, it is worth grappling with an uncomfortable truth: No matter how it’s imple-
mented, any reasonable model for CBDCs will ”reveal significantly more informa-
tion about individuals’ transactions to [government] than existing systems do.” %
The question gears around creating strictly-written laws and codes about how the data can
be accessed and to make sure that the government is not tracking payment information to any
level of granularity or precision unless warranted. As long as the intentions are benevolent,
and we can trust various constitutional and legal provisions that explicitly make this kind of
surveillance illegal, this should not be a hindrance. The US Federal Reserve is nowhere close
to as authoritarian as the Chinese government for example, and there are various legal and
regulatory checks to make sure data is used and stored aptly, only accessed under extreme
scenarios. However, if a vision for the eventual global implementation of digital currencies

t.161 From a policy

is on the horizon, trustworthiness and data privacy is a crucial componen
perspective, authoritarian governments that have the ability to gain so much data about
each individual person can result in huge human rights violations and infringements of civil
liberties. In the People’s Republic of China, the launch of the digital yuan is causing huge
strife amongst the population. On one hand, while many appreciate the convenience and
access provided by CBDCs, a population that doesn’t trust its government will never be able
to transition fully away from physical currency. As international and domestic law continues
to be written and technology for data collection and management expands, the world should

be cautious of governmental overreach, and international organizations like the World Bank

should consider setting international data regulations for member nations.!6

159Wiist, Kostiainen, and Capkun, ”Platypus: A Central Bank Digital Currency with Unlinkable Transac-
tions and Privacy Preserving Regulation.”
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6.6 Recc. 6 - Expanding Internet Access & Financial Education

While financial inclusion is an issue that can be tackled by CBDCs, digital currencies
are not a silver bullet for resolving the digital divide in the United States. In fact, subpar
implementation can exacerbate status quo problems and increase financial inequality. In
the United States, Third Way estimates that broadband availability is significantly lower
in counties and localities that have majority Black/Native-American populations. Com-
pared to majority-white counties, majority-black counties have broadband access which is
16 percentage points lower and Native-American counties have access which is 45 percentage
points lower.'®3 Since CBDC access is reliant on smartphone ownership, reliable Internet
connection, and broadband data access, a simple rollout of a FedAccounts app will reach a
population of people who already are benefiting from private banking and digital payment

164 Another large issue with CBDC rollout is financial literacy, which is also much

systems.
lower in majority-minority counties. There are also studies that prove that those with lower
income (and thus lower levels of education) have higher mistrust of authorities and digital
currencies. They will tend to use these services at a lower rate and are, thus, losing out on
the benefits of high-interest rates and network effects. A digital wallet needs to be accessible

and user-friendly to all.!6

To tackle the two important problems for financial inclusion, a rollout of a digital
dollar should be complemented by financial education programs in low-income
counties and expansion of Internet infrastructure. The FCC did a large-scale study
of Internet access and approximated that the cost of delivering broadband infrastructure and
access to all US citizens would be around $80 billion. The federal and state government has

worked towards increasing momentum towards broadband expansion - the two pandemic-

163Berkowitz and Horowitz, ”Broadband for All: Connecting Everyone, Everywhere to the Digital Econ-
omy”

164pantuliano and Tyson, ”Can Central Banks Digital Currencies deliver for people in poverty?”
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era CARES and Consolidated Appropriations Act allocated a combined $7.6 billion to the
expansion of broadband infrastructure. On the local level, 47 states have offices and task
forces dedicated to Internet, and state governments have begun providing ”grants and loans
to Internet service providers and local governments.” In the FCC proposal, which has been
brought up to Congress and other US lawmakers, $40 billion brings physical infrastructure
like cables and wiring to the hardest 2% of unserved locations. $42 billion in block grants
administered by the Commerce Department are given to state governments as long as they
follow ARPA guidelines and a specific set of broadband investment regulations. The empha-
sis is not only on creating the infrastructure but also on making sure that there are low-cost
options available to all users - it includes a $30 a month assistance to low-income families
to afford their Internet service programs through third parties. The program also includes
$2 billion for tribal broadband expansion, $2 billion for the Department of Agriculture’s
rural development ReConnect Program, $1 billion in grants for investing in “middle mile”
connections from central to local broadband networks, and $600 million for private activity
bonds to finance broadband projects.” This proposal was in Biden’s American Jobs Plan
(more commonly referred to as his infrastructure bill), and it remains unclear whether this
level of investment is sufficient.'®However, it is a necessary first step to ensuring data access
and equity in technological spaces. In addition, partnerships with local community centers,
banks, and other trusted neighborhood locations are necessary to increase financial literacy.
These could take the form of advertising budgets and seminars/workshops to help set up
digital wallets, as well as classes about financial literacy and managing money in a CBDC
platform. In the United Kingdom, for example, the government partnered with the Uni-
versity of Oxford and the University of Cambridge to provide financial technology courses
to all 43 Commonwealth counties and help community members learn about digital money
management. To date, 120 officials from these 43 counties from all 5 regions registered for

the training program, which is helping build trust with local low-income communities.'¢”
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In addition, a comprehensive CBDC plan should include physical payment
infrastructure and offline technology capabilities. As mentioned in the first part
of the paper, DCEP’s "touch and touch” functionality can be easily built into existing
mobile devices and allow people to make peer-to-peer transfers by physically touching their
smartphones even when they’re offline. Therefore, in places with low internet access or data
penetration, servers can still be reached locally. However, importantly, this offline technology
is only valuable if you're able to get access to the Internet relatively frequently - in places
where there is zero Internet access, the technology would fail to work, since the app would
need to be online to settle balances and send information to the ledger.!%® Additionally,
to convert their existing money into CBDCs or deposit/transfer funds, they would need
reliable Internet access to get into their FedAccounts app. This highlights the need for
expanded Internet and data infrastructure for inexpensive, reliable options for lower-income
communities. For the unbanked and underbanked to truly reap the benefits of a CBDC,
local institutions like town halls and post offices need to have physical infrastructure or
services to help access accounts and manage finances.'®® For example, the Industrial and
Commercial Bank of China designed its digital yuan to allow offline technology for processing
payments. In addition, all local post offices and community centers have infrastructure to
access online accounts for those who do not own a smartphone but want to deposit money,
transfer, or check their balances.!™ Their infrastructure allows for instant offline transactions
between parties and is able to verify no malicious behavior and account identity validation.
Additionally, you can tap on physical keypads set up at select retailers and shops to pay
touch-to-touch from your mobile phone to the business, regardless of broadband quality.
Once again, however, it requires access to the Internet to eventually settle balances and

confirm transactions to the ledger, highlighting the importance of investment in broadband

on Central Bank Digital Currencies”
168 FEnglish, ”Finding a secure solution for offline use of central bank digital currencies”
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acCCess. 171

6.7 Recc. 7 - International Commitments and Aid

Finally, a slow domestic rollout of the digital dollar should help inform future
international aid to create cross-border network effects and bring CBDCs to
developing nations. The future of the international financial system relies on a gradual
transition to digitization, as cross-border online servicing continues to increase each year.
International tourism has doubled in the past 15 years, the global shipment of parcels has
tripled, and remittances are a market worth $720 billion. In particular, the market for
international tourism and remittances has led to a variety of solutions for sending money
internationally while meeting strict regulatory guidelines.!™ These methods are, however,
expensive, slow, and cumbersome to use.Cross-border interoperability needs to be at the core
of any design for the digital dollar - this includes collaborating amongst nations that already
have digital currencies as well as aiding in efforts to bring more nations into the network.
Out of the 47 retail CBDC projects that exist now, just under 25% of them already have
mechanisms for working with each other cross-border, proving the future of international

3

finance to expand globally.!™ The latest is Project Dunbar, a cross-border partnership

between South Africa, Singapore, Malaysia, and Australia.'™

Naturally, a large barrier to implementation for developing countries is the lack of elec-
tricity, Internet, and smartphone access. This proves the need for a slower approach to
global CBDC networks to ensure that poorer developing countries are integrated within
systems that can help propel their nations forward. Investing in lower-income countries is

a sound economic strategy. The Lucas Paradox studies the surprising lack of investments

1" English, ”Finding a secure solution for offline use of central bank digital currencies”
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into poorer countries from rich countries. In fact, given that there are diminishing marginal
returns on capital, we would expect that smaller and poorer countries have the most growth
opportunities to achieve economic prosperity. Therefore, the Lucas Paradox posits the ques-
tion as to why, from a humanitarian and equity perspective, richer countries do not invest
in poorer countries, given how little investment (as a fraction of gross domestic product)
it would require, and the network-level benefits it would provide to international financial

175 Pledging aid and integrating digital currency connection into World Bank and

systems.
United Nations missions can help ensure against unequal access to digital solutions, even if

it is a long-term process.

As for the aforementioned issue of dollarization, the phenomenon is not driven much by
the format of the currency, it’s driven mostly by public trust in local monetary institutions
(i.e. will they be able to maintain a stable inflation value in the long term?). Second, there are
a lot of policy tools, such as creating accounts based on ID, so both parties need to agree on
cross-border use. Third, cooperation could mitigate risks of currency substitution, since you
would have no incentive to want to destabilize other economies. Finally, headwinds need to be
made first and foremost, and having thriving models in developed nations allows us to slowly
better inform the implementation in developing nations. Unfortunately, all technological
advancements are by nature slower to arrive in developing countries - for example, solar
panels have yet to show up in a majority of developing countries in the world, but slowly
renewable energy is making its way through. The inequities with solar panel distribution or
renewable energy grants, however, are never used as justification for pausing climate change

innovation efforts.

175 ucas, ”Why Doesn’t Capital Flow from Rich to Poor Countries?”
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7 Conclusion - A Gradual, Comprehensive, And Cau-

tious Rollout

In summary, a cautious but determined approach should be taken to the implementation
of central bank digital currencies in the United States. While there are many benefits of
CBDCs including financial inclusion, data-driven monetary policy, tracking of the under-
ground economy, convenience, and cost minimization, it is important to weigh the potential
risks. A digital dollar could exacerbate global inequity and financial exclusion, infringe on
core liberties of privacy and compromise confidential financial information. In general, there
remain many unanswered questions about the feasibility and desirability of central bank dig-
ital currencies. However, given a careful analysis of the pros and cons of the digital dollar, it
is worth exploring a path for implementation and using best practices to ensure maximum
usage and convenient policy design. These design choices should factor in mitigation strate-
gies for the key downsides of CBDCs while crafting an implementation plan that maximizes

the positive potential of digital currencies.

As such, this paper lays out a 7-part implementation plan that should guide a timeline
for eventual CBDC rollout, coupled with areas where more policy and technology research
is necessary. A digital dollar should be an account-based retail CBDC held within a digital
wallet on your smartphone, released with the eventual goal of phasing out cash but not
requiring complete removal of physical currency for payments. The money stored in the
wallet would grow at a nominal interest rate, with the potential to be slightly negative
during times of extreme economic crisis. All information about transactions would be stored
in a blockchain-built private ledger with multiple layers of protection. Involvement with
Payment Interface Providers (PIPs) would enable collaboration between the central bank
and local commercial banks to allow for more customer retention and network effects. Using

in-person identity verification, a person’s account would be setup and during a transaction,
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all private keys would be stored within the user’s profile with control given to the central bank
authority. To prevent abuse of power, transaction and identity details would be anonymous
unless flagged by an algorithm, and search would only be allowed in warranted situations.
Finally, along with a domestic implementation of CBDCs, the United States should focus
on providing broadband access to all, increasing financial literacy programs, and boosting

international aid to create a global network of cross-border digital currencies.

A move towards digital currency should not be immediate and abrupt; in fact, many of
these recommendations will likely take till 2030 to implement, and the infrastructure would
need to go through stress testing and constant interactions to handle the financial load.
Cash would not be immediately removed from economy, and the goal would be to slowly
migrate people onto digital currency, making cash obsolete for its inconvenience and defla-
tionary properties. Sub-par and hasty implementation could erode US trust in its financial
and monetary institutions, exacerbate economic inequality, and ruin efforts to transition to a
digital age. The Federal Reserve has begun doing important research into policy implemen-
tation, and the next step would be to locally pilot the program and see usage patterns and
frequency. The general attitude is to be cautiously optimistic about the future and think
about how the United States plans to keep up with the world and propel itself forward into
a digital financial age. While the US is a country that loves tradition, the monetary system
is losing steam and more nuanced technological solutions are outrunning the competition.
A correctly-implemented central bank digital currency can increase financial inclusion, help
create significantly better monetary policy, reduce financial crime, and make transactions in

our economy more efficient domestically and abroad.
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