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Abstract

There have been two competing views on the structure of the international
monetary system: one sees it as a unipolar system with a dominant currency,
such as the U.S. dollar, while the other argues that a multipolar system has
been the rule, not the exception. We propose a unified theoretical framework to
reconcile these two views. In a micro-founded monetary model, we examine the
interactions of two essential roles played by international currencies, the medium
of exchange and the store of value, and highlight the importance of abundant safe
asset supplies. When the two roles reinforce each other, a unipolar equilibrium
exists. However, when one currency is unable to serve as sufficient safe assets
for international trade transactions, the two roles work against each other, and
agents have the incentive to diversify their portfolio, giving rise to a multipolar
system. The effects of monetary policy, fiscal policy, and their combinations
crucially depend on the total supply of safe assets and the relative importance of
the two functions of international currencies. The structure of the international
monetary system could be influenced by various policies such as monetary policy,
fiscal policy, and financial sanctions. A calibrated model shows that, all else
equal, USD could lose its dominance if the US fiscal capacity deteriorates by
34% or the US economy size shrinks by 32%.
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1 Introduction

In the aftermath of the 2008 global financial crisis, there have been a lot of debates on the reform
of the international monetary system (IMS). The stability of the current system centered on the
US dollar (USD) has been seriously doubted. Hence, many countries have started to promote the
international use of their home currencies. One recent example is the Chinese Renminbi (RMB),
which joined the IMF’s currency basket of Special Drawing Rights (SDR) in 2016. However, USD
continues to hold its leading position in the IMS so far, with over 40% of international trade
invoiced and settled in USD, 59.3% of worldwide official foreign reserves held in USD, over 60%
of the global bank’s funding and corporate borrowing denominated in USD, and 88.3% of foreign
exchange transactions involving USD.!

There have been two competing views on this phenomenon (Eichengreen, 2019). One views
the IMS as a unipolar system, where the USD holds a dominant status in facilitating global trade
and financial transactions. This Dominant Currency Paradigm (Gopinath et al., 2020) empirically
verifies that the U.S. monetary policy has strong spillover effects on other countries, and the USD
exchange rate, rather than bilateral exchange rates, plays a crucial role in price pass-through, thus
disproportionately affecting global trade volume. In the newly developed theory, strategic comple-
mentarity and positive feedback between an international currency’s multiple functions strengthen
the dominant status of the USD, which means a unipolar IMS is persistent and stable (Gopinath
and Stein, 2021; Chahrour and Valchev, 2022; Mukhin, 2022).

The other view argues that a multipolar international monetary system has been the rule, not
the exception (Eichengreen and Flandreau, 1996; Eichengreen, 2011). Historical evidence shows
that various monetary arrangements coexisted with each other for a long time.? Moreover, the
effect of incumbency advantage is not strong in a multipolar system, implying that the dominant
currency could get dethroned relatively quickly. For example, Chitu et al. (2014) shows that the
USD caught up with the British Pound (GBP) in the bond market as early as the 1920s, and they

played together as major international currencies until World War II.

nternational trade invoicing data is from the average between 2010 and 2012 in Ito and Chinn (2013).
According to Gopinath (2015), the share of USD invoicing world import (export) is estimated to be 4.7
(3.1) times the U.S. share in international import (export). Reserve share data is from the IMF Currency
Composition of Official Foreign Exchange Reserves (COFER) in 2022Q2, calculated as the share of USD
claims in allocated reserves. Bank funding and corporate borrowing data is from BIS locational banking
statistics and Gopinath and Stein (2021). Foreign exchange transaction data is from the BIS Triennial
Central Bank Survey of Foreign Exchange and Over-the-counter (OTC) Derivatives Markets in 2022. Because
bilateral FX transactions involve two currencies, the share sums up to 200%.

2Before the gold standard, silver, gold, and bimetallic blocs coexisted and interacted. In the 19th century,
the British pound, the French franc, and the German mark all contributed significantly to international
transactions and reserve holdings. Before the Bretton Woods System, especially during the interwar period,
the British pound and US dollar shared the international currency status and co-existed as main invoicing
and settlement currencies. More recently, Arslanalp et al. (2022) documents a trend of diversification in the
central bank’s foreign reserve: the share of the USD has declined by 12% since 1999, accompanied by a rise
of the RMB and other non-traditional reserve currencies.



The goal of this paper is to provide a unified theoretical framework in which both positive and
normative aspects of IMS can be addressed and these two competing views can be reconciled in
a systematic way: while it shares the unipolar view of one dominant currency, it also emphasizes
that the scarcity of safe assets is crucial to endogenously generate a multipolar IMS. Specifically, we
develop a micro-founded monetary model where money acts as both a medium of exchange (MOE)
and a store of value (SOV). The key ingredients of the model are as follows. Some households take
money as MOE in goods markets while others use money as SOV to purchase assets in financial
markets. If a single country can provide enough safe assets as collateral, households prefer to
concentrate on one currency, given that a larger market reduces transaction costs and improves
asset return at the same time. This means the MOE and SOV roles reinforce each other, leading
to a stable unipolar IMS. Otherwise, with an insufficient supply of safe assets, the MOE and SOV
roles conflict with each other, because a higher level of asset demand drives down the investment
return. Consequently, a multipolar IMS arises when the SOV role is sufficiently larger than the
MOE role.

One classic difficulty of modeling international currency is exchange rate indeterminacy: two
currencies can coexist only with the same rate of return, which means currencies become perfect
substitutes and the exchange rate is indeterminate (Kareken and Wallace, 1981). We overcome this
problem by assuming a finite number of households and allowing them to have some market power.
In this way, the exchange rate is determined not only by economic fundamentals such as money
stock and inflation rate but also by the households’ expectation that their currency choices will
influence the transaction cost in goods markets and the asset returns in financial markets. Such
expectations are crucial in our model because they are directly related to the MOE and SOV roles
that form the structure of the IMS.

We begin our analysis with a model built upon the trade finance practice, such as the let-
ter of credit.> In the benchmark model, we consider an economy with two circulating currencies
that exhibit economies of scale, in the sense that more use of a currency leads to a lower average
transaction cost. Households and sellers search for each other in a decentralized market. Matched
households become buyers that consume, whereas unmatched households become investors. Inter-
national trade takes time, and the timing mismatch between the seller’s goods shipment and the
buyer’s currency payment necessitates the financial intermediary of banks.* On the liability side,
banks take deposits from investors and promise a positive return. We make a crucial assumption
that banks are subject to limited commitment issues. They have to hold government bonds as safe
assets to fully collateralize their liabilities. Consequently, the banking sector’s balance sheet size

in each currency is constrained by the issuing country’s safe asset supply. On the asset side, banks

3Trade finance and its crucial role in shaping the international currency system has been empirically
documented in Eichengreen (2011) and theoretically analyzed in Liu et al. (2019) and Chahrour and Valchev
(2022).

4For more evidence and discussion on trade finance, see Schmidt-Eisenlohr (2013), Niepmann and
Schmidt-Eisenlohr (2017a) and Liu et al. (2019).



make loans to buyers by paying sellers after goods are shipped out. Buyers repay bank loans after
goods arrive, and investors then receive the return on their deposits.

The novelty of this paper is to study the endogenous currency choice and to ask whether
unipolar or multipolar IMS can exist in equilibrium. The household’s currency choice depends on
whether or not the banking sector’s balance sheet size is constrained by safe asset supply. With
an unconstrained balance sheet, it is optimal to concentrate on a single currency, because in this
case a larger market reduces transaction costs and improves deposit return. In other words, the
MOE and SOV roles work in the same direction, leading to a unipolar system. These results share
similarities with the unipolar IMS in Gopinath and Stein (2021), who blend the unit of account
and safety role of the dominant asset. On the other hand, when the safe asset is scarce and thus
the balance sheet size becomes constrained, the average transaction cost continues to decrease, but
the deposit return declines until it reaches the zero lower bound (ZLB). The dual roles of money
work in opposite directions, and a multipolar system is likely to endogenously emerge if the SOV
role dominates.

We then explore the distinct policy implications of this theory. We examine the effects of
monetary and fiscal policies within a certain currency regime. Assume that inflation is related
to monetary policy, and an expansionary fiscal policy boosts safe asset supply by issuing more
government bonds. In a unipolar system, inflationary monetary policy and contractionary fiscal
policy decrease both currency holding and international trade volume. However, the policy effect
in a multipolar system is more complex. For example, an inflationary monetary policy of currency
1 makes households choose more of currency 2, and the international trade volume will increase
if the safe asset supply in currency 2 is unconstrained, so that the MOE and SOV roles work in
the same direction. This result implies that inflation and depreciation of the USD can potentially
stimulate international trade by fostering the rise of other currencies.

Next, we turn to numerical exercises to discuss how government policies affect currency regime
shifts and highlight the tension between currency demand and safe asset supply as a crucial factor.
With abundant safe assets, a unipolar system can generate more welfare for households, and they
always prefer the international currency with a lower inflation rate or with a larger safe asset supply.
However, when safe asset supply is insufficient for both currencies, the regime that maximizes
households’ welfare is a multipolar system where both currencies jointly support the household’s
trade and investment.

The same mechanism is also at work with financial sanctions. In a unipolar system of currency
1, if some households are excluded from the financial system, the remaining households will increase
their real balance in currency 1, since the safe asset supply has become relatively more abundant,
and their welfare level will also rise. This result implies that the recent financial sanctions on
Russia may strengthen rather than undermine the international status of the USD, at least in
North America and Europe. The IMS may then face the challenge of fragmentation into blocs of

regional currencies. However, if relentless financial sanctions greatly undermine the safety of USD



assets and diminish the credibility of the U.S. financial system, a multipolar IMS is likely to emerge.

We also make several extensions to check the robustness of our results and discuss various
related topics. First, we relax the bank’s collateral constraint and introduce costly monitoring for
banking regulation. These changes improve a unipolar system’s stability by partially overcoming
the shortage of safe assets. However, when the monitoring cost gets too high, a multipolar system
is still inevitable. Secondly, we add over-the-counter (OTC) bargaining into financial markets and
show that our main results remain robust. Finally, we introduce the government’s budget constraint
explicitly and study the effect of fiscal policy rules. We find that more tolerance for government
debt burdens helps sustain a unipolar system.

Lastly, we extend our benchmark model to a three-country framework so as to quantitatively
evaluate the impact of various factors on currency choices. Suppose there are three regions in the
world economy: the United States (US), the Eurozone (EU), and the rest of the world (RW). The US
and EU can issue their own currencies and settle all of their trades with home currency, whereas RW
is similar to a developing country that relies on foreign currencies for these transactions. When RW
buyers hold USD to pay for intra-region trades, the USD becomes an international vehicle currency,
which is a symbol of global dominance. Our calibration exercises show that, all else equal, USD
could lose its dominance and get replaced by EUR if the US fiscal capacity (i.e., the US safe assets
supply) deteriorates by 34%, or the US economy size shrinks by 32%. In addition, a larger size of
the RW economy strengthens rather than undermines the USD dominance.

The rest of this paper is organized as follows. Section 2 discusses the related literature and how
our paper contributes to it. Section 3 presents our benchmark model. Section 4 studies the policy
effect within a certain currency regime through comparative statics. Section 5 conducts numerical
exercises to explore how the structure of the IMS is affected by various policies, including financial
sanctions. Section 6 extends the benchmark model to discuss related topics. Section 7 generalizes

the benchmark model to a three-country framework for quantitative analyses. Section 8 concludes.

2 Literature Review

Our work makes several contributions to the literature. First, this paper contributes to the rich
international finance literature on the formation and evolution of the IMS (Cohen, 1971; Krugman,
1980; Krugman et al., 1984; Kindleberger, 1986; Matsuyama et al., 1993; Rey, 2001; Gopinath,
2015; Gourinchas et al., 2019). Recently, Gopinath and Stein (2018, 2021) provide a theoretical
model to examine the unit-of-account role of the USD in invoicing trade and pricing safe assets, and
how these two channels reinforce each other, leading to the dominant status of the USD. Mukhin
(2022) also constructs a sticky price model to study the endogenous choice of trade invoicing

currency and how being an anchoring currency increases the chance of the USD becoming a vehicle



currency.” While most of the recent literature focuses on the dominance of USD, we look at a
longer IMS history featuring both unipolar and multipolar systems (Eichengreen et al., 2017) and
aim to provide a unified framework to explain the different structures of the IMS.

Secondly, this paper follows the literature of using search theory to provide a micro-foundation
for the medium of exchange function of international currencies (Matsuyama et al., 1993; Zhou,
1997; Rey, 2001; Wright and Trejos, 2001; Kannan, 2009; Lester et al., 2012; Devereux and Shi,
2013). Recently, Zhang (2014) constructs a two-country monetary search model with information
frictions to study the rise and fall of different international currencies. Similarly, Liu et al. (2019)
builds an open-economy model featuring time-to-ship friction and trade finance arrangements to
study how financial frictions affect settlement currency choices. Based on these works, we further
consider the interaction between the MOE and SOV roles. Additionally, our paper is related to the
literature that examines the exchange rate indeterminacy while treating currencies symmetrically
(e.g., Head and Shi, 2003; Liu and Shi, 2010; Gomis-Porqueras et al., 2017). Our contribution is
to show that giving agents some market power helps solve this issue.

Thirdly, we follow the banking sector in Berentsen et al. (2007) and extend it to an international
setup to emphasize the importance of safe asset supply. The literature in this field has explored the
safe asset role played by U.S. treasuries, which bear lower returns in normal times due to the safety
premium (Caballero et al., 2017) but are highly valued during a crisis, arguably the key feature
of an international currency (Maggiori, 2017; Bianchi et al., 2021; Gourinchas and Rey, 2022). In
addition, Farhi and Maggiori (2018) examines the safe assets denominated in different currencies
to explain the rise of the USD as a hegemony in the current IMS. Instead of focusing exclusively
on safe assets, we move one step further by examining how safe asset supply affects the interaction
between MOE and SOV roles that ultimately determine the landscape of the IMS. In our model,
an insufficient level of safe asset supply shall decrease investment returns and promote a multipolar
system, similar to the mechanism in He et al. (2019).

A recent paper by Chahrour and Valchev (2022), which blends the SOV and the MOE roles of
international currencies, is probably the most closely related to our paper. They introduce the trade
finance arrangement to discuss the rise of different currency regimes, featuring a unique dominant
currency, as well as the transition dynamics. In their model, firms need safe assets as collateral
in enforcing international trade contracts, and households, motivated by the investment return on
their savings, become suppliers of safe assets. In this borrowing and lending process, search and
matching frictions encourage firms to borrow in a less tight asset market, i.e., a market with a
relatively more abundant asset supply. On the other hand, households want to save more in assets
with a larger demand and hence a higher return. Therefore, there is positive feedback between
the firm’s borrowing and the household’s saving behavior, and it drives the existence of a stable

equilibrium with a single dominant currency. In contrast to their model, where the borrowing and

5The firm’s endogenous invoicing currency choices in international trades have been studied in Bacchetta
and Van Wincoop (2005), Goldberg and Tille (2008), Chung (2016), Goldberg and Tille (2016), and Boz
et al. (2022).



lending behavior happens in a decentralized credit market, we assume such interactions must involve
financial intermediaries, i.e., banks. Similarly, banks need safe assets as collateral to absorb deposits
from households and create loans to firms. If the total safe asset supply available is abundant relative
to the size of banking activities, our model generates similar results as in Chahrour and Valchev
(2022) with two channels reinforcing each other. However, we further explore the possibility that
the banking business keeps growing and hits the upper limit determined by the exogenous safe
asset supply. When it happens, the two channels will work in opposite directions, and we have
an equilibrium with coexisting international currencies. Our stationary equilibrium with both
currencies is locally stable, since the MOE and the SOV roles compete with each other when the

constraint on safe assets binds.

3 The Model

In this section, we follow Berentsen et al. (2007) to construct a micro-founded monetary model
with its two main functions of money, the medium of exchange and the store of value. To necessitate
the existence of a financial intermediary, we incorporate time-to-ship frictions and trade finance
arrangements as in Niepmann and Schmidt-Eisenlohr (2017a) and Liu et al. (2019). We first
characterize agents’ optimal decisions and stationary equilibria, and then discuss the properties of
various currency regimes, especially existence conditions for a unipolar or a multipolar monetary

system.

3.1 Physical Environment

In the economy, time is discrete and runs forever. The economic agents are households, sellers,
and banks. The number of sellers is infinite, and so is the number of banks, while households
are finite. Agents discount future between periods but not sub-periods, with a common discount
factor of B € (0,1). Each period is divided into three sub-periods: a decentralized market (DM), a
financial market (FM), and a centralized market (CM). Additionally, there are two governments in
the world. Government j € {0, 1} issues its own fiat money (currency j) and nominal bond (bond
7). Money supply evolves according to 7 = (14 p;)m], where m] denotes the aggregate supply of
currency j, and the hat denotes the next period. Money growth (p; > 0) is implemented through
the government’s lump-sum transfer to the entire world.® The value of currency j in terms of a

numeraire good is ¢;.

6All the agents treat government policies as exogenous. Later, we discuss how policies affect currency
choices in the rest of the world. We think this is a reasonable assumption since, e.g., the Federal Reserve
rarely considers the spillover effect of its monetary policy on other countries. Also, the assumption of
governments making a lump-sum transfer to foreigners is non-standard but realistic. For example, the
Federal Reserve signed several currency swap agreements with other central banks to provide USD liquidity.
See more discussion in Bahaj and Reis (2022).



At the beginning of each period, some households get matched with sellers and consume special
goods ¢ in the DM. We refer to these households as buyers. Other unmatched households will take
their idle money to the FM for investment, and we refer to them as investors. The household’s
type is random in each period. Assume the total number of households is N + M, and a sequence
of indices {1, 2,..., N+M} is randomly assigned to households at the beginning of each period. If a
household’s assigned index is k € [1, N], this household becomes a buyer; otherwise, an investor.

In the first sub-period, the DM is a decentralized market of merchandise trade, where fiat money
is the only means of payment. Sellers accept both currencies, and there is a variable information
cost of F'(¢jm;) for DM payments in currency j. Following Rey (2001) and Devereux and Shi
(2013), we assume F'(0) =0, 0 < F/ < 1, and F” < 0 to reflect economies of scale in the currency
market. In addition, the DM features time-to-ship frictions. Specifically, in a successful bilateral
matching between a buyer and a seller, the terms of trade are determined through bargaining, but
it takes time to deliver the DM goods so that buyers receive g only at the beginning of the CM.
On one hand, sellers prefer not to ship the DM goods before receiving any payments, in fear of the
buyer’s non-payment risk. On the other hand, buyers prefer to pay after the DM goods arrive to
avoid the seller’s non-shipment risk. The timing mismatch between production and consumption
makes financial intermediaries necessary.

In the second sub-period, there exists a perfectly competitive banking sector in the FM. The
agents use a version of the centralized double auction or limit order book, as in Kyle (1985) and
Glosten and Milgrom (1985), to determine equilibrium interest rates and trade quantity in this
market. In particular, banks provide a two-sided platform where buyers (investors) publicly post
their desired loan rate (deposit rate) and trade volume. The two sides are matched by the ranking
order of their posted rates. Banks take deposits from investors with the minimum deposit rate
IP and make loans to the buyers with the maximum loan rate I, as long as I” < I''. Buyers
then pay sellers with bank credit, and the DM goods are shipped off. There are several additional
assumptions for the banking sector. First, in contrast to the DM, the FM is segmented in different
currencies, so currency j loans must be repaid in currency j. This means different currencies are
no longer perfect substitutes in the repayment of debt. Second, each investor needs to pay a fixed
operating cost of F; to banks for managing their deposits. The consequent economies of scale in the
trade finance market are consistent with the empirical evidence in Niepmann and Schmidt-Eisenlohr
(2017Db). Last but not least, banks are subject to limited commitment (Williamson, 2016), and they
need to hold government bonds as safe-asset collateral to make loans (Williamson, 2022). If buyers
fail to repay the loans, investors will claim safe assets from the banks. Therefore, the size of the
banks’ balance sheet is constrained due to the safe asset supply.

Finally, in the last sub-period, the DM goods arrive and banks receive the buyer’s loan repay-
ment, which covers the investor’s deposit return and the banking sector’s operation cost. All agents
then enter a Walrasian market to produce and consume perishable numeraire goods. At the same

time, governments issue nominal bonds to banks in need of collateral. Households also adjust their



currency holding, and their choices shape the structure of the international monetary system. If
households choose only one currency in the CM, we define it as a unipolar system. Otherwise,
we call it a multipolar system when households choose a diversified portfolio. Figure 1 shows the
timing in the model and Figure 2 shows the trade finance arrangement.

We close the physical environment by characterizing government behavior. Governments issue
one-period nominal bonds and currencies in the CM. The nominal price of bond j is p? and it pays 1

unit of currency j in the next period’s CM. Each government faces the following budget constraint,

Hlﬂj((pjb; gm) = ot s — byt st eI <B; L Vie{L2) (1)

The government’s budget is measured in numeraire goods, and ¢;b7 is the real supply of bond
j. In addition, ¢;7; is the real value of the lump-sum transfer, which could be interpreted as
government expenditure. We focus on a stationary monetary equilibrium (SME) where the real
supply of currency j is constant. Therefore, 1 + u; = ¢; /<Z>] measures the gross inflation rate.
Governments are able to control the aggregate supply of bonds and the growth rate of currencies
at the same time. Bond j is backed by the fiscal capacity of government j, so households view it as
a safe asset and banks use it as collateral for their debt. Crucially, there is an upper bound of the
safe asset supply (gbjb;f < Bj). This constraint could be influenced by a government’s fiscal policy.

For simplicity, we assume only banks can purchase government bonds in the CM.

3.2 Value Functions and Optimal Decisions
3.2.1 Value Functions in CM

Assume the instantaneous utility functions for households, sellers and banks are UH = u(q) +
U(X)—=h, US = —c(q) +U(X) —h and UX = U(X) — h, where ¢, X, and h represent the quantity
of special goods in the DM, numeraire goods in the CM, and working hours, respectively. Although
every agent can produce numeraire goods with a linear technology of X = h, only sellers can
produce special goods at the cost of ¢(q). Let X* denote the optimal level of numeraire goods
consumption, which satisfies U'(X*) = 1. We assume the usual assumptions, so u(0) = ¢(0) =
0, u/(0) =400, ¢(0)=0, v >0, v/ <0, ¢ >0, and ¢’ > 0. We define the nominal interest rate

of currency j as I?; = 12“ 2 — 1. The household’s maximization problem in the CM is

WH(mi,me) = max U(X)— h+ BVH(1ny,1ms)

m17m27h7X

s.t. @1y + gamg + X < h+ ¢1my + gamo +T1 + 15

where m; denotes the household’s holding of currency j, VH is the household’s value function in
the next period, and T is the lump-sum transfer of currency j. We can simplify WH (mq1,ms) into

a linear function of the household’s currency holding.



WH (my,my) = U(X*) — X* + ¢1my + ¢oma + Ty + Tp + max { BV (11, 1h2) — d11iy — porng }

mi,m2

= WH(0,0) + ¢pym1 + pomo

The CM value functions for sellers are similar, so we do not show them here. As for banks in need

of government bonds as collateral, their CM value function is as follows.

WK(bl, bg) = U(X*) — X*+ ¢1b1 + ¢pobs + max {ﬁVK(él, 82) —plfﬁﬁli)l —pgqﬁgi)g}

b1,b2

= WH(0,0) + ¢1b1 + ¢2bo

In the DM, households and sellers meet randomly and form pairwise matching. The total number
of households is N4+M. There are N spots for buyers and M spots for investors. Therefore, the
probability for a household to become a buyer is N/(N + M). We assume N > M to ensure a

positive interest rate in the FM. The household’s CM value function then becomes

WH (my,ma) = ¢1my + damg + U(X*) — X* + Ty + To+
BM
N+ M

max { pN VB(ml,mQ) +

my,ma

VI (1, 1hg) — i — <Z52m2} (2)
where VB (V1) is the value function of buyers (investors) in the DM (FM).

3.2.2 Banking Sector in FM

In the FM, there is a continuum of banks with unit mass, and the perfectly competitive banking
sector plays two important roles. First, it provides third-party credit to facilitate the DM trade
by taking deposits from investors and making loans to buyers. Secondly, the banking sector helps
generate an interest rate level to clear the FM. This is implemented through a two-sided platform,
where buyers and investors publicly post their desired rate and trade volume. Now we formulate
the FM mechanism.

Suppose each household is assigned an index k at the beginning of each period. This household
becomes a buyer if k£ € [1, N]|, and it becomes an investor if & € [N + 1, N + M]. The currency
choice of household k in the CM is denoted by m; (k) and ma(k). Consider the banking business of
currency 1 in the FM. On one side, a buyer posts his desired loan rate i¥(k) and loan repayment
¢1p1(k) if 1 < k < N. This means the buyer is willing to repay the amount of ¢1p1(k) if the loan
rate is smaller than or equal to i¥(k). On the other side, an investor posts his desired deposit rate
iP (k) and deposit amount ¢1d; (k) if N +1 < k < N + M. This means the investor will deposit his
idle money at the amount of ¢1d; (k) if the bank’s deposit rate is greater than or equal to ¥ (k).
Obviously, the budget constraint implies d; (k) < m; (k) for investors and p; (k) < mq(k) for buyers.

The two-sided match runs as follows. First of all, banks find the buyer with the maxi-

10



mum loan rate and the investor with the minimum deposit rate. For example, assume if(1) =
max{i¥(1),...,i¥(N)} and iP(N + 1) = min{i?(N + 1),...,iP(N + M)}. Buyer 1 and investor
N+1 could then be matched if i¥(1) > P (N + 1), which means both parties are willing to finish
this transaction. For simplicity, assume the actual transaction price is i; = [i¥(1) + iP(IV + 1)]/2
in this case. The actual trade volume at this interest rate level depends on the relationship be-
tween p1(1) and di(N + 1). There are three cases. (i) If p1(1) < (1 + i1)di(N + 1), banks
continue to find the next buyer k such that i(k) = max{i{(2),...,i¥(N)}, and the deal is done
if i (k) > P(N 4+ 1). (ii) If p1(1) > (1 +41)d1 (N + 1), banks will find the next investor k such
that i (k) = min{iP(N + 2),...,iP(N + M)}, and the deal is done if (1) > P (k). (iii) If
p1(1) = (1+141)d1(N +1), banks continue to match the buyer with the maximum loan rate and the
investor with the minimum deposit rate among the rest of the agents.

Several frictions exist on this two-sided platform. First, there is an operating cost of E; for each
investor’s business in currency j. Secondly, banks serve buyers/investors according to their index
if the same level of interest rate is posted. For example, if i¥(1) = i¥(2), banks will make loans
to buyer 1 first. Lastly, banks are also subject to limited commitment, so the investor’s deposit
returns must be collateralized by government bonds. The banking sector’s balance sheet size could

therefore get constrained by the safe asset supply, meaning (1 + il") Zgjﬁl ¢1d1(k) < By and

. N+M _
(1+i5) Yopt a1 $2d2(k) < Bo.
Given these frictions above, we focus on a symmetric equilibrium where buyers post the same

loan rate and investors post the same deposit rate. The banking sector’s zero-profit condition is as

follows.
N+M
[1—(1+R)p]]<b]b +( [ > ¢ ]— E;=0 (3)
k=N+1
N+M N
st (L+if) Y ¢id; min{z¢jpj(k), ¢jbj} , Vje{1,2}
k=N-+1 k=1

Here m; denotes the bank’s profit in currency j, which is related to the government bond’s
return, the interest rate spread, and the operation cost. The banking sector’s total revenue comes
from buyers’ loan repayment, which must be collateralized by government bonds. For simplicity,
we assume zero payoffs from holding bond j, i.e., 1 — (1 + R; )pg’- = 0. Banks could therefore hold
government bonds at no cost until the safe asset supply reaches its limit B;. This restriction is not
crucial for our model’s main results, and it is relaxed in Section 6.3. The FM interest rate levels

are summarized in the following proposition.

Proposition 1 In a symmetric equilibrium where buyers post the same loan rate and investors

post the same deposit rate, the FM interest rate levels are

. N =
L min{)_;_, ¢;p;(k), B;} I .D M x E;
L+i5 = N >0, i —iy = NERY (4)
_N+195d (k) _N+1 954 (k)
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Proof We first focus on the case when B; is not binding and check whether an individual agent
has the incentive to deviate from this symmetric equilibrium.

(i) If the equilibrium level of deposit rate is z}k = Z'JD +€e> ijD , investor N4+M gets matched last.
Buyers’ total loan repayment Zivzl ¢jp;(k) is fixed, and the first M-1 investors get more return
than i;, so investor N+M gets less return than i]D . This provides an incentive for investor N+M
to post a lower deposit rate z'f < ijD(N + M) < i7 so that he gets matched first and enjoys a
better return than before. Then, investor N+M-1 also has the incentive to post a lower deposit
rate. Finally, the deposit rate is pushed down to if .

L

(ii) If the equilibrium level of loan rate ;=17 —€< Z]L , buyer N gets matched last. Investors’

total deposit Zgjj\%l ¢jd;(k) is fixed, and the first N-1 buyers get more loans than the level in z]L ,
so buyer N gets relatively fewer loans. This provides an incentive for buyer N to post a higher loan
rate i < zf (N) < lJL so that he gets matched first and enjoys more loans than before. Then buyer
N-1 has the incentive to post a higher loan rate. Finally, the loan rate is pushed up to zf
Therefore, it is only at the equilibrium level in equation (4) that no one has any incentive for
deviation. When the constraint of Bj is binding, the total loan repayment from buyers becomes

Bj, and other results remain the same. Q.E.D.

3.2.3 Investors in FM and Buyers in DM

Given the FM interest rates at equilibrium, investors choose the optimal level of investment,

and their FM value function is

V() = o W (o + Py + 1 (5)
1,42
s.t. 0§d1§m1 OSdQSmQ
Investors deposit all of their currency j holdings if i; > 0, so their optimal choice is
mj if ¥ >0
Vi € {1, 2} dj =

0 otherwise

As for buyers in the DM, we assume they make a take-it-or-leave-it (TIOLI) offer to sellers.

Buyers take the FM interest rates as given and choose the optimal loan repayment. Their DM
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value function then becomes

VB(mi, ms) = max {U(Q) +WH(my — p1,ma — p2)}

p1,p2
st. clq) = [¢1zl - F(qslzl)} + [@zz — F(¢2lz)} (6)
_ $ip; min{¢;m;,B;/N} L ¢ip; — bil; ;
pjlj = 1£j@ S ]1+i]L ’ , 1 +le - ¢jlj—J1*?(J¢jlj) - [¢jlj—;’z¢jlj)] (1 +13L)

where [; is the bank loan to an individual buyer, and p; is the buyer’s loan repayment posted in
the FM. If Bj is not binding, a buyer spends all his money on loan repayment at equilibrium. If
Bj becomes binding, each buyer repays the same amount of Bj /N. As for the DM trade volume
q, buyers’ TIOLI offer means sellers get zero surpluses, so the seller’s production cost is equal to
the buyer’s bank loans net of information cost. To simplify our analysis below, we construct an
effective loan rate EJL to reflect the actual financing cost for buyers. The DM production level is

determined as follows.

o(q) = min{¢imy, Bi/N} | min{¢pmg, By/N}
1+ E1 1+ 52
3.2.4 Stationary Monetary Equilibrium

Given the DM value function of buyers and the FM value function of investors, we are able to

write the CM maximization problem for the households’ currency choice.

J(m1,ma) = max {NﬁfMVI(ml,mz) + NaNMVB(mlymz) — Q11 — ¢2m2}
= ﬁ{b?%z {(ﬁqgl — ¢1)1n + (Bda — da)ing + N _iVME [U(Q) — 11 — <732ﬁ2] }

(7)

~
Gain from DM trade

NB—;]—WME [ilD(ml)dA)ldl + izp(mz)GEQCZQ]

Gain from FM investment
st. m1 >0 mo >0

Here (cil,cfg) solves the investor’s problem in (5), and (p1,p2) solves the buyer’s problem in
(6). Notice that, because the household’s number is finite, each of them has some market power
in affecting the financial market condition. Therefore, the FM interest rate is no longer taken as
given in this CM maximization problem. Instead, households realize i; = i1(71) and iz = i2(7h2),

and they choose their optimal currency holding with this in mind. As for the currency market, the
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household’s aggregate money demand must be equal to the government’s money supply, so we have

N+M N+M

Z prma (k) = ¢1m] Z pama (k) = pams (8)

Given the optimal behavior and market-clearing conditions above, we are ready to define the SME

in our model.

Definition 1

A stationary monetary equilibrium (SME) is a list of constant values including aggregate money
supply (p1m3, ¢ams), household currency demand {gblml(k),gbgmg(k:)}]kvzﬁM, buyers’ loan repay-
ment {¢1p1( ), dapa(k)}_,, investors’ deposit {¢1d1(k),¢2d2(k)}fcv;]%1, and interest rate levels
(i¥,iP ik i), such that

1. Households choose their optimal currency holding that solves (7)
Buyers choose their optimal FM loan that solves (6)
Investors choose their optimal FM deposit that solves (5)

The financial market clears and interest rate levels are determined through (4)

Cv o

Currency market clears in (8) and government budget is balanced in (1)

3.3 Currency Regimes

In this section, we discuss the properties of different currency regimes. First of all, we provide
some intuitions by illustrating the relationship between money supply and interest rate in Figure
3. In our model, the effective loan rate EJL measures the buyer’s cost of using currency j as DM
payment, and it is tightly linked to the MOE role. At the same time, the deposit rate i? measures
the FM return for investors, so it is related to the SOV role. Several observations are in order.” (i)

(N+M)ME‘ iy

When the money supply is too low (qﬁ]m < FM shuts down because the buyer’s loan

repayment is insufficient to cover the banking sector s operation cost. SME does not exist in this
w < gjmj < L]]\\,/[)Bj, FM becomes

active and the banking sector’s balance sheet size is not constramed by the safe asset supply.

case. (ii) At a moderate level of money supply, i.e.,

There is a positive feedback between MOE and SOV role in this case because z decreases and

iP increases at the same time. This means a larger market size both lowers transaction costs and

improves investment return, probably leading to a unipolar monetary system. (iii) At an excessive

(N+M (N+M)B; dim N+M)(ijMEj)
M

level of money supply, i.e., , the banking sector’s balance sheet
size becomes constrained, so both zj and zj are decreasing in money supply, suggesting a conflict
between MOE and SOV role. It is reasonable to expect a multipolar monetary system when the

SOV role dominates. (iv) When ¢;m; > (N+M)(]€[ —ME; ), Z'JD reaches its zero lower bound and if

"For both MOE and SOV role to exist at the same time, we assume that Bj is sufficiently large so that
Bj > Wit
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becomes constant. It is therefore irrational for households to increase their money holdings in this
case.

Now we formally discuss the properties of different regimes through a guess-and-verify approach:
first, assume an interior solution for the household’s maximization problem in the CM in each
regime. Then, check the F.O.C. and S.0O.C. to verify our initial guess. The derivation details have

been relegated to Appendix B.1, and only the results on multipolar systems are shown here.

3.3.1 B Not Binding for Both Currencies

When chvzl ¢1m1(k) < By and Zszl ¢ama(k) < Ba, the household’s F.O.C. at equilibrium

becomes the following.

N u'(q) (1—F| M D
| N _
N—l—M[c’(q) N/M TN\ Tm) = )
Marginal DM gain Marginal FM gain
N w(q) (1-F M D
-1 —_— =R 10
N—i—M[c’(q) N/M TNyt 2 (10)
1 [N b
= = (14t 11
w= g |ar - 0+ 1)

These conditions have the standard interpretation of the marginal benefit of holding money equal
to its marginal cost. Additionally, each household has some market power in affecting the interest
rate level, and such influence is manifested in n;. When the household number becomes infinite
(N + M — o0), it is easy to show n; — 0, which makes the F.O.C. the same as in a perfectly
competitive market. Next, we examine the related Hessian matrix to check whether this interior

solution is stationary.

gy [l MOBL+SOV: —(L1Lo)?

H=Nin (12)
—(L1Ly)? — Ly + MOE; + SOV,
B ' —u'e (1 _ Fj/) 2

u= (")t >0 )

AR oM 1

BN

’H| = N |:(L1 — MOE; — SOVl)(LQ — MOE; — SOVQ) — L1L2:| <0 (15)
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Here MOE; measures the medium-of-exchange effect of currency j in the DM, and SOV ; measures
the store-of-value effect in the FM. Obviously, this Hessian matrix is not negative semi-definite
(|H| < 0) as long as MOE; > 0 and SOV; > 0. So SME is always unipolar in this case.

3.3.2 B Binding for Both Currencies

When Z/i;vﬂ ¢1m1(k) > By and Zszl ¢ama(k) > Ba, the household’s F.O.C. at equilibrium

becomes the following.

N 1 - F]. M -D .

— =R 16

N+ M| <N/M> N+M<21 ”1> ! (16)
Marginal DM gain Marginal FM gain

— =R 17

N+ M| (N/M) JFN+M<Z2 772) 2 (17)

o 144P
%= Nl (18)

The related Hessian matrix at equilibrium now becomes the following.

v — L1 + MOE,; — S0V, —(L1Ly)2
=5 (19)
—(L1Ls)? —Ly + MOE, — SOV,
= 1 Mﬁj
SOV; = 2<1 N M) N 0 (20)
BN — _
|H| = m [(Ll + SOV, — MOEl)(LQ +S0OVy — MOEQ) —L1Ls (21)

MOE role conflicts with the SOV role in this case, and the household’s problem has an interior
solution if the related Hessian matrix is negative semi-definite (|H| > 0), requiring that the SOV

role is sufficiently larger than the MOE role for at least one currency, i.e.,
(Ll + SOV, — MOEl)(LQ +S0OVy — MOEQ) > L1y (22)

3.3.3 B Binding for One Currency

Consider the example when Bj is binding and Bs is not binding, which means the MOE role
and SOV role conflict with each other for currency 1 only. The F.O.C. then becomes the following

at equilibrium.

] e )
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v (var ) 1 F e (B ) =R 20

Then we can also get the related Hessian matrix at equilibrium.

— Ly + MOE, — 50V, ~(L1Ly)?
. AN
H=Niu )
—(L1L»)? — Ly + MOE; 4+ SOV,
BN SO
[H| = 557 | (F1 +SOV1 = MOE1)(Ly — MOE; — SOV) — L1 Ly (26)

This Hessian matrix is negative definite, and the monetary system is multipolar when SOV is

sufficiently larger than MOE;, which requires

L1(SOV, + MOEy)
Ls — SOV, — MOE,

Given our discussions above, the structure of the monetary system in our model crucially de-

SOV —-MOE; >

>0 (27)

pends on the relationship between the MOE and SOV role, and we summarize our findings in the

following proposition.

Proposition 2 Under general assumptions on functional forms and parameter values, there

exists a unique multipolar SME when, at least for one currency,
(i) The SOV and MOE role conflict with each other, and

(i) The SOV role is sufficiently larger than the MOE role
Otherwise, the SME is unipolar.

It is noteworthy that the MOE and SOV roles are endogenous variables that depend on the
central bank’s monetary policy, the supply limit of safe assets, as well as the properties of the
function forms. For example, an inflationary monetary policy or a shortage of safe assets exacerbates
the conflict between the MOE and SOV roles, possibly leading to the emergence of a multipolar

SME. More detailed discussions with numerical examples are provided in section 5.

3.4 Discussions of the Environment

In this section, we want to discuss several key assumptions in our model and their implications.
Time-to-ship Friction. In our model, we assume DM goods are delivered to buyers in the

CM, and this time-to-ship friction plays several important roles. First, it is a realistic assumption
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because we regard DM as an international trade market, which takes more time and involves more
risk than domestic trade (Manova, 2012). Second, this friction and the consequent timing mismatch
between shipment and payment lead to trade finance provided by financial intermediaries, which
directly supports over 40% of global trade (ICC Banking Commission, 2016). Lastly, due to this
friction and the practice of trade finance, the asset supply in our model is endogenously determined
and related to the trade volume in the DM. If the asset supply is exogenously given and fixed
(e.g., Geromichalos and Simonovska, 2014), an increase in the agent’s currency holding is certain
to boost asset prices and depress investment returns. In that case, the MOE and the SOV role
always conflict with each other, and a unipolar equilibrium is less likely to exist.

Finite Households and Centralized Double Auction. A great difficulty of modeling
international currency is the Kareken-Wallace indeterminacy (Kareken and Wallace, 1981), which
states that two currencies can coexist only with the same rate of return, and the exchange rate
is indeterminate. In this paper, we break this indeterminacy by assuming a finite number of
households so that each of them has some market power in the FM to affect the loan rate. Different
from the literature on directed search, the FM interest rates in our model are determined through
a centralized two-sided auction mechanism, which is often used in many financial markets. We
introduce this mechanism because it greatly simplifies our analysis and provides an intuitive result
of the equilibrium interest rate. Actually, this is not necessary for our model, and we show in
Appendix 6.2 that the main results continue to hold even if we introduce the OTC bargaining into
our framework.

Integrated DM. An alternative way of solving the Kareken-Wallace indeterminacy is through
multiple DMs, where currencies differ in their degree of acceptability or pledgeability (e.g., Lester
et al., 2012; Zhu and Hendry, 2019; Choi and Rocheteau, 2020). For example, we could assume
sellers in DM; (DM3) accept only currency 1 (currency 2), and that buyers enter each DM with a
certain probability.® However, our model maintains an integrated DM where currencies are perfect
substitutes as the medium of exchange because the approach of multiple DMs leaves the entry
probability open to question. If it is determined by external factors such as geography and tech-
nology, the monetary system is always multipolar because households choose a positive level of
both currencies in the CM, and that defeats our paper’s very purpose of endogenizing the IMS
structure. On the other hand, if agents are allowed to choose both the extensive margin (entry
probability) and the intensive margin (currency holding level) so that each currency has the same
expected return, we are likely to get an infinite number of stationary monetary equilibria in a given

parameter space, and the IMS structure then becomes uncertain.

8 A similar approach is to assume the CM is segmented in different currencies. See Geromichalos and
Jung (2018).
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4 Policy Effect within A Currency Regime

In this section, we explore policy effects in a given equilibrium. Specifically, our focus is on
how monetary policy, fiscal policy, and policy combinations influence the level of currency holding,
trade volume, and nominal exchange rate. The results from comparative statics show that the same

policy could have significantly different impacts in various currency regimes.

4.1 Monetary Policy Effect

First, consider the monetary policy effect within a certain currency regime. Our focus is on
how currency 1’s inflation level (R;) affects the households’ portfolio choices, the DM trade volume

(¢), and the nominal exchange rate (e), defined as follows.

e= 22 _ <¢2m3) <ml> _ [ e ¢2m2("">] (ml> (28)
¢ p1m3 ) \m3 NEM b my (k)] \m3

Here, e is related to the household’s currency demand as well as the government’s money supply,

and an increase of e implies a relative depreciation of currency 1. We discuss the policy effect on e
only when both currencies are valued.

As for the currency regime’s classification,” we consider the unipolar systems where B is binding
(Regime U7) or not binding (Regime Uj), as well as the multipolar systems where the safe asset
supply is limited for currency 1 only (Regime Mj), for currency 2 only (Regime M), or for both
currencies (Regime M).

The results from comparative statics analysis are shown in Table 1, and proof details are
relegated to the appendix. Intuitively, an increase of R elevates the household’s opportunity cost
of holding money, so currency 1 experiences both a decline in demand (d¢1m1/0R; < 0) and a
relative depreciation (Oe/OR; > 0). However, the monetary policy effect on ¢ is uncertain. In a
unipolar regime, the DM trade is settled by only one currency, so inflation always leads to a drop in
q. By contrast, the DM trade is settled by two currencies in a multipolar regime, and the currency
substitution arises following currency 1’s inflation. Recall that currencies are imperfect substitutes
as DM payments, so households would not completely switch from currency 1 to currency 2. Instead,
the households still choose to take both currencies in regime M;/My/M. If the degree of currency
substitution is high enough, currency 1’s inflation makes household increase their currency 2 holding
much more than their decrease in currency 1 holding, thus boosting the DM trade volume.

Interestingly, the degree of currency substitution is captured by the relationship between cur-
rency 2’s dual functions. In regime M7, MOE, and SOV, work in the same direction, so households
prefer to get more currency 2 to enjoy a lower effective loan rate (55 1) and a higher deposit rate

(if 1) at the same time. Such a high degree of currency substitution ultimately leads to an increase

9Within a unipolar system of currency 2, the monetary policy of country 1 has no effect, so we do not
show its results of comparative statics analysis here.
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in g. On the other hand, the degree of currency substitution is relatively lower in regime M, and M,
because MOEs and SOVy conflict with each other. Consequently, the DM trade volume increases
only if MOEy > SOV .

Our findings from comparative statics analysis provide an alternative explanation for the re-
lationship between the USD exchange rate and the world’s trade volume. Gopinath et al. (2020)
empirically verified that the nominal depreciation of the USD results in an increase in the world’s
trade volume, and they explain it with a sticky price model: when the world’s trade is invoiced by
only the USD, the USD’s depreciation means a cheaper price and a stronger demand, thus bringing
the trade volume to a higher level. Our model provides an alternative view of currency substitution:
the USD inflation and its subsequent depreciation are likely to induce the rise of other currencies,

helping increase the global trade volume in certain cases.

4.2 Fiscal Policy Effect

In addition to the inflation level, there is an important role for B in affecting the household
decision. Now suppose a government could change its own B through fiscal policies. Of course,
this is just a simplifying assumption, and the determination of fiscal capacity and safe asset supply
requires a deeper theory (e.g., He et al., 2019). We still rely on comparative statics analysis to
show the effects of country 1’s expansionary fiscal policy (Bj 1) in Table 2. Our focus is on regime
U, / ]\_41/ M where Bj has a significant effect.

In a unipolar system of Uj, an expansionary fiscal policy helps relax the banking sector’s
constraint, so households will increase their currency 1 holding and DM trade volume. However,
the policy effect on ¢ is more complicated for multipolar systems. In regime M, the degree of
currency substitution from ¢omo to ¢p1mg is low because MOEs and SOV, work in the same
direction, so households are unwilling to give up too much of ¢9mo, which leads to a drop of ¢ in
the end. Meanwhile, with currency 2’s dual functions conflicting with each other in regime M, the
DM trade volume increases if SOV5 is larger than MOE,.

4.3 Combining Monetary and Fiscal Policies

Now we consider the interaction between monetary and fiscal policies in different regimes.
Specifically, we assume the limit of bond 1’s supply (B;) is positively correlated with currency
1’s inflation level (Ry), i.e., 9B1/OR; > 0. This could happen when a government implements a
passive fiscal policy that expands its fiscal budget to accommodate an inflationary monetary policy.
In this case, a higher level of inflation (R; 1) affects households’ currency choices in two different
ways. Directly, as shown in Section 4.1, it means more opportunity cost of holding currency 1 and
leads to a drop of ¢ym;. Indirectly, as shown in Section 4.2, it potentially relaxes the banking
sector’s constraint and attracts households to get more currency 1 in the CM. The policy effect,

therefore, depends on the magnitude of households’ marginal gain and loss. We examine this effect
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and report the results in Table 3. In particular, the marginal welfare gain from an inflationary
policy is captured by ~vi07.
0%J 0By

>O, O—lzaiRl

Y= 78(¢1m1)8B1 > >0 (29)

Intuitively, the gain from inflation depends on (i) the sensitivity of marginal welfare in response to
relaxing the constraint of B;, measured by ~;; (ii) the marginal increase of safe asset supply due
to inflation, measured by o7;

Overall, when the marginal gain from inflation dominates (y101 > 1), currency 1 enjoys a higher
level of demand (¢1m; 1) and a relative appreciation (e |).!° The change of ¢ is still related with
MOE; and SOV,. Here we take regime U; as an example. If the marginal gain from inflation is
insufficient (y301 < 1), households choose to decrease ¢1m; and ¢ at the same time. This result
echoes Triffin’s dilemma (Triffin, 1961) in the Bretton Woods System, where gold is the ultimate
collateral of the USD and its supply doesn’t sufficiently increase following the USD inflation, i.e.,
o1 is relatively small. An inflationary monetary policy, therefore, diminishes the dominant status
of the USD. On the other hand, with y101 > 1, households prefer a higher level of ¢1m1 and ¢ even
after currency 1’s inflation. A recent example is the FED’s capital injection into major financial
institutions in 2008, which provided collateral for the financial system, sufficiently increased safe
asset supply, and successfully avoided a market crash. Thanks to the Fed’s timely intervention,
the USD maintained and even strengthened its status as the dominant currency (Maggiori et al.,
2020).

5 Currency Regime Shift

In this part, we explore the policy effects on currency regime shifts. In particular, we use
numerical examples to illustrate how various policies make the monetary equilibrium shift between
unipolar and multipolar systems. Our discussion includes monetary policies on the inflation rate
(p), fiscal policies on the limit of safe asset supply (B), and financial sanctions on the scope and
limit of households’ currency choice. Our analyses highlight the tension between currency demand
and safe asset supply as the driving force in transforming the IMS structure. We pick up reasonable

parameter values and functional forms, and Appendix B.7 provides more details.

5.1 Monetary Policy

Here we take the change of py and g as exogenous shocks and let them fluctuate between 0 and
70%. The level of safe asset supply is fixed at By = By = 200. Our goal is to examine how different

combinations of monetary policy practices influence equilibrium properties. In the benchmark

10For simplicity, here we assume currency demand is the main driver of the nominal exchange rate.
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result, Figure 4 presents the regions of Regime Ul (only currency 1 is chosen by households),
Regime U2 (only currency 2 is chosen), and Regime M (both currencies chosen).

Three interesting observations arise. First, the sustainability of a currency regime requires an
intermediate inflation level. For example, Regime Ul exists only when pq € [0.07,0.51]. On the
one hand, a lower level of p1 will increase ¢ym; and push i¥ towards the zero lower bound, and
the regime collapses when households’ currency demand overwhelms safe asset supply. On the
other hand, a higher level of p; shrinks currency 1’s financial market size until banks find it no
longer profitable to engage in the related trade finance business. Without support from financial
intermediaries, households will never choose currency 1 in the CM. Second, multiple equilibria
coexist and overlap each other. In particular, Regime U1/U2/M are all supported in a certain
area, so our model is general enough to include both unipolar and multipolar systems. Lastly,
the region of a multipolar system is relatively small, which means the probability is very low for
structural changes from regime U1/U2 to regime M. In other words, even if the USD no longer
enjoys exorbitant privilege in the future, it is more likely to be replaced by another dominant
currency.

Given the coexistence of multiple equilibria, we now allow households to select currency regimes

to maximize their welfare level as follows.

W(g1m1, pama) = —Rip1my — Ragoma + a(u(q) — d1p1 — dap2) + (1 — ) (i prma + 15 damy) (30)

Vv
Inflation cost DM trade gain FM investment gain

Here « is the relative weight of DM trade in households’ total welfare, and we set v = 0.25 in our
numerical analysis below to emphasize the gain from FM investment. There are two reasons. (i)
In reality, the trade volume in the international financial market is much more than that in the
international merchandise trade. (ii) Our model does not have outside investors, so we assume
N > M to ensure a positive deposit rate, which implies a higher weight for buyers if we calculate
welfare based on population size. Over-emphasizing buyers’ gain from DM trade tends to favor a
unipolar system, so we set « at a small value to correct that bias.

The regions of currency regimes based on welfare maximization are shown in Figure 5. Notice
that Regime M continues to occupy only a tiny area in the southwest corner, where ;1 and po stand
at a low level, so banks are constrained in both currencies. For unipolar systems, the inflation level
is the key determinant of a household’s currency choice. In the area of uq > 10% and uo > 10%,
households always prefer the currency with a lower inflation level. This means the dominant status

of the USD in the global market could be endangered by its own inflationary monetary policy.

5.2 Fiscal Policy

In this part, we assume governments could influence their own B through fiscal policies, and

we let By and Bs fluctuate between 30 and 150. The growth rates of two currencies are fixed at
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w1 = pg = 10%. First, the benchmark results without welfare maximization are shown in Figure
6. Obviously, the coexistence of different regimes depends on the sufficiency of safe asset supply.
In the southwest corner (B; < 85, By < 85), Regime M is the only monetary equilibrium. By
contrast, multiple equilibria arise in the northeast corner.

Next, in Figure 7 we show the optimal equilibrium that maximizes the household’s welfare level,
and our results provide complements to other studies. On the one hand, we agree with Chahrour
and Valchev (2022) in that households always prefer a currency with a safer asset supply. On the
other hand, we depart from the literature and illustrate that a multipolar system is both stationary
and optimal when safe assets are scarce. We attribute this difference to the negative feedback

between MOE and SOV unique in our model.

5.3 Financial Sanctions

As a key component of the toolkit employed by governments in international diplomacy, financial
sanctions have been extensively utilized for decades (Cipriani et al., 2023). Especially in recent
years, the number of financial sanctions imposed by the U.S. has been increasing, such as the
2022 barrage of sanctions against Russia, which impede access to the use of the U.S. dollar. For
instance, SWIFT disconnected seven Russian entities (mainly banks) from the SWIFT network on
12 March 2022.'' Meanwhile, nearly half of Russia’s central bank’s gold and foreign reserves have
been frozen.!'? Such measures of financial sanctions affect the IMS in at least two ways. First, the
Russian banks under sanctions have been denied access to USD, EUR, GBP, and JPY in cross-
border payments, so they have to resort to the Russian Ruble or other currencies such as RMB.
Second, relentless financial sanctions tend to reduce the USD asset’s safety and undermine the
stability of the current IMS.'? Given this background, we analyze the impact of financial sanctions
and provide several numerical examples. Previous studies discussed the role of legal restrictions in
affecting currency choices, and they mainly focus on whether loosening capital controls or reducing
information costs will promote the acceptance of foreign currencies (e.g., Ding and Puzzello, 2020).
In this section, we try to understand whether financial sanctions will reinforce the dominance of
the USD or lay the ground for a rising currency like the RMB.

We begin with a symmetric model environment where ji; = ps = 5% and By = By = 150.
The functional forms and other parameter values are identical to those in Figure 7. In the initial
equilibrium, all households choose only currency 1, and banks are constrained by B;. Now, suppose
some households are no longer allowed to use currency 1 in the CM, DM, or FM. The number of
these households is (M + N), and they can only use currency 2 for trade and investment. We are

mainly interested in the decision and welfare of those unrestricted households that can still freely

11Gee the updated report on SWIFT website here.

12 Announced by Russian Finance Minister Anton Siluanov during an interview. Several Russian billion-
aires also received similar financial sanctions. See more here.

13Dooley et al. (2022) argues that financial sanctions increase the U.S. safe asset supply and strengthen
the USD dominance. Our model generates a similar result if By is positively correlated with e.
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choose between currencies 1 and 2.

We study three scenarios in the numerical exercise. First, consider a gradual expansion of
financial sanctions while government 1’s safe asset supply is the same as before. Specifically, we let
€ increase from 1% to 40%, and keep Bj at the level of 150. The panel (a) in Figure 8 analyzes the
unrestricted households in both a unipolar and a multipolar monetary equilibrium. Overall, with
the escalating financial sanctions, the unrestricted households in a unipolar system see an increase in
currency 1 holding, DM trade volume, and welfare level at the same time. By contrast, the welfare
level in a multipolar system is smaller and diminishing in €. The unipolar system’s prevalence is due
to relaxing the constraint of Bi: with more and more households excluded from using currency 1,
banks face less constraint in By, and the safe assets in currency 1 become relatively more abundant,
so the remaining households are better off. These results thus indicate strengthening rather than
weakening of the USD dominance for the unrestricted agents, and a fragmented IMS will probably
emerge. '

In the second scenario, we assume a minor decrease of By after more financial sanctions are
imposed. In particular, let B; become negatively correlated with the degree of financial sanctions

as follows. _
B — By
By

Here By = 150 is the initial level of country 1’s safe asset supply, and 6 > 0 measures the correlation

= —0€ (31)

between By and e. We set § = 1/3 in this case to reflect a small decrease of B; following sanctions,
and the result for the unrestricted households is shown in panel (b) in Figure 8. The unipolar
system remains dominant, similar to the first scenario in panel (a)

Lastly, we set § = 3 so that Bj experiences a more dramatic decrease following financial
sanctions, and the result in panel (¢) in Figure 8 is partially different from our previous analysis.
With a low degree of financial sanctions (¢ < 20%), the unipolar system continues to dominate
with a higher welfare level. However, the unipolar system will cease to exist with a high level of
financial sanction (e > 20%), and unrestricted households choose both currencies to diversify their
portfolios for better returns.

In summary, the impact of financial sanctions depends on how they influence currency demand
and safe asset supply. In our first and second scenarios, financial sanctions lead to an increase in
safe asset supply for those unrestricted households, so the unipolar system generates more welfare,
and the IMS becomes fragmented with blocks of regional currencies. On the other hand, severe
financial sanctions may tighten the constraint of safe assets, and the welfare in a multipolar system
may dominate that in a unipolar system, as we show in our third scenario. The IMS then switches
to a multipolar world where different currencies coexist and jointly support international trade and

investment.

14Gita Gopinath also talked about the tendency of fragmentation in an article in Financial Times,
https://www.ft.com/content/3e0760d4-8127-41db-9546-e62b6{85773.
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6 Model Extensions

In this section, we enrich our baseline model with several additional assumptions. In particular,
we add costly monitoring, OTC trading mechanism, and flexible bond prices to check their influence
on agents’ optimal behavior. The results show that our model is flexible enough to accommodate
alternative assumptions. The main findings and intuitions from the benchmark analysis remain

robust.

6.1 Costly Monitoring

First, we relax the bank’s collateral constraint and allow for a larger banking sector above the
limit of safe asset supply. However, the limited commitment issue still exists, and banks can default
whenever their debts are not fully collateralized. Hence, we introduce costly monitoring (e.g., Gu
et al., 2013) into the baseline model. Specifically, when the buyer’s total loan repayment in currency
j (Z]kvzl ¢1p1(k)) exceeds the balance of bond j holdings (¢;b;) in the banking sector, banks need
to pay a monitoring cost €2, which ensures that banks are monitored with a probability of p € (0, 1)
and investors receive their deposit’s return. Otherwise, with a probability of 1 — p banks are not
monitored and investors are not repaid. We assume the monitoring process becomes more costly
when the banking sector grows larger, so ) = Q(Z,i\;l oip;(k)), Q(Bj) =0,0< Q' <1, 0" >0.
The banking sector’s zero profit condition still holds, and the interest rates with costly monitoring

now satisfy the following condition in an SME.

s ¢gmy [ Meym3 Mejm; \17
Ly _N+]J\/[[N(N+Z</[)_F<N(N+J€/[))} (82)
N N M -1
o1 +iP) 1 N\ N D
Sam, oy Kl - Q)M A )] (39
(1 +iP) QO'N 2M? NN D
O ~  phymi (N M) pN2(gym)? [(1 ¢ > TR )] (3)

The relationship between money supply and FM interest rates in an SME is plotted in Figure 9.
Since the effective loan rate is similar to that in the baseline model, we focus our analysis on the
deposit rate. When the safe asset supply becomes insufficient, if first has a jump in compensation
for the default risk. It then continues increasing as long as the bank’s marginal revenue from
absorbing deposits is greater than the marginal cost, which means (1 — Q' )N/M > p(1 + ’LJD)
Finally, the monitoring cost becomes too high, and iJD is reduced to cut the banking sector’s
liability.
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Obviously, the mechanism of costly monitoring improves the sustainability of a unipolar mon-
etary system, because it can help banks partially overcome the problem of safe asset shortage and
delay the conflict between the SOV and MOE role. However, when the monitoring cost gets too

high, the deposit rate will fall quickly, and a multipolar monetary system is still inevitable.

6.2 Bargaining in FM

In this part, we show that our model’s main results continue to hold even if we introduce a
decentralized over-the-counter (OTC) mechanism in the FM. Now, suppose the number of banks
is finite and there are M of them. Banks and investors search for each other and form bilateral
matches in the FM. The deposit rate is determined by a proportional bargaining game, which means
there is imperfect competition in the deposit market (Drechsler et al., 2017) and banks have some
market power (Chiu et al., 2020). The banking business in different currencies is still segmented.
The investor’s problem now becomes
max ije;d; (36)

J

(1 + ’LjD)qudj — ¢jmj B 0
(L+if)pidj — Ej — (L+1i7)¢jd;  1—0

¢jdj < ¢ymy , (L+i7)¢5d; < ¢5b; , Vi€ {1,2}

where 6 is the investor’s bargaining power in the deposit market, and banks are still subject to
limited commitment, so they hold sufficient government bonds as collateral. Meanwhile, in the
loan market, ZJL is still determined in a centralized mechanism, where banks and buyers post their
desirable level of interest rate and loan amount. In a symmetric equilibrium, the interest rates of
currency j satisfy
N _
144 = max{} ,_, ¢;m;(k), B;}
vy = N+M
Zk:N—i—l ¢ymij(k)
N _
max{} ,_y ¢jm;(k), Bj} — ME;
0 N+M k
k=N-+1 m; (k)

Proof details are similar to those in Proposition 1, so we do not show them here. Obviously, we

(37)

1+i?

=(1-0)+ (38)

go back to our benchmark model when investors have all the bargaining power (§ = 1). On the
other hand, following a decrease of 6, the deposit rate declines, and banks earn more profit. As
long as 0 < 6 < 1, our model’s main results continue to hold because households still realize that
their individual decisions in the CM could affect the FM interest rates. For example, we can get

the following results from partial derivatives.
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i? 4+ 0n; if B; is not binding

(39)
(¢5m;) )
P —0n; if Bj is binding
. ;jgzjj (1 - N_,l_M> if Bj is not binding
O°(ij om;) _ o
O(¢jm;)?

—207; . = . . .
¢j7r7; <1 - NiM) if B; is binding

6.3 Debt Burden and International Currency

Now we allow for a flexible price of government bonds and examine how the debt burden affects
the household’s currency choice. The effective loan rate is the same as before because a perfectly
competitive banking sector still channels all the investors’ funding to buyers. On the other hand,
the deposit rate is now linked to the bank’s gain from holding government bonds. Assume money
supply, bond supply, and lump-sum transfer are all constant in an SME, and we can write the

government’s budget constraint in the following way.

1 b
~ ~~
expenditure debt burden seigniorage revenue

Here government j uses the seigniorage revenue from issuing currency j to finance its expenditure
and debt burden. Our discussion below considers two cases where the expenditure is fixed or the
debt burden is fixed. For simplicity, we focus on the interest rates of currency 1 and assume bond

1 always provides a positive return, so that 1 — (1 + R1)p? > 0 and 1 — (1 + u1)p} > 0.

Fixed Expenditure Assume the government expenditure (¢171) is fixed, which means any addi-
tional seigniorage revenue is used to finance the debt burden. The deposit rate of currency 1 with

a flexible bond price (@D ) then becomes

p _ {Eff 1 910 () = ME, ] [1— (1 + Ri)pblgibr
= -1 N+M
Sicar d1di (k) N1 $1di(k)

:i?+N+M[M1 (14 Ri)p1m (1 1)¢1bf}

B emiy \B $rms

where the second equation is from combining the government’s budget constraint and the currency

market’s equilibrium conditions. Given that government bonds always provide a positive return,
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we can show i — i > 0 and the gap is increasing in the money supply (¢1m3).'> The panel (a) of

Figure 10 illustrates the deposit rate in this case. In comparison with ¥ in the benchmark model,
%1D displays a faster growth when the safe asset supply is sufficient and a slower decline when the
constraint of By becomes binding. These properties favor the sustainability of a unipolar system

because the SOV role is larger (smaller) when it works with (against) the MOE role.

Fixed Debt Burden Now assume the debt burden (ﬁ — p})g1b] is fixed and any additional
seigniorage revenue will finance the government expenditure. The deposit rate is illustrated in

panel (b) of Figure 10, and its expression is as follows.

i{7+ﬁ[1— <1+R1>p?] if ¢g1mi < %
iP = (43)
P+ (N]QM> [1 - (1 + R1>pl;] (ﬁ#ﬁ) it gymg > LHD5
At a sufficient level of safe asset supply, an increase of ¢1m{ leads to a higher demand for bond 1,

whose price also grows to keep the debt burden fixed. Then we get 9(if —i)/d¢pym3 < 0. When the
constraint of B; becomes binding, both ¢1b3 and p} are fixed, so we still have d(iL —i) /0p1m5 < 0.

These results mean the SOV role grows slowly (drops quickly) when it works with (against) the
MOE role, therefore endangering the stability of a unipolar system.

In sum, our analysis shows that the government budget’s composition affects the sustainability
of a unipolar monetary system. For the U.S. government, although it is necessary to keep fiscal
health in mind, allowing for more flexibility on debt burden is important to maintain the USD

dominance.

7 Quantitative Analysis

This section generalizes the benchmark model to a three-country framework for quantitative
analyses. Previous literature is mostly concerned with the issuing country of international currencies
(e.g., Zhang, 2014; Chahrour and Valchev, 2022), while our focus is mainly on the developing
countries that rely on foreign currencies for international trade.

Suppose there are three regions in the world: the United States (US), the Eurozone (EU), and
the rest of the world (RW). The number of buyers and the number of sellers in region i are both
N, so the total population in region i is 2/N;. Sellers are always immobile at home, while region i
buyers move to region j’s DM with a probability of A; ;. The US and EU issue their own currencies,
and sellers in the US and EU accept only their home currencies (USD/EUR) for DM transactions.

By contrast, RW sellers accept both currencies in inter-region and intra-region DM trades. At the

15Here we keep the monetary policy (p1) and fiscal policy (B1) the same as before, and consider the change
of currency holding caused by other shocks such as the variation in formation cost.
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beginning of each CM, all buyers know the region of their DM meetings in the next period, and
the currency holdings are adjusted accordingly. For simplicity, assume only the DM trades within
RW need bank-intermediated trade finance.

7.1 Calibration Strategy

This part describes the calibration strategy as well as the parameter value in our quantitative
analysis. The data are the annual averages between 2009 and 2017, i.e., after the 2008 global
financial crisis and before the 2018 U.S.-China trade war.

For country size, we set Nyg = 0.24, Ngy = 0.16, and Ngw = 0.6 to represent each region’s
share in world GDP.'® The common discount factor is set to 3 = 0.981 to reflect a real interest rate
of 1.92%. In addition, we let puyg = 0.0146 and pgy = 0.0121, indicating low inflation levels during
sample period. Furthermore, the buyer’s DM utility function is 3[in(q + 0.0001) — In(0.0001)], and
the seller’s DM cost function is ¢(q) = ¢/10. These assumptions on function forms lead to a large
value of optimal DM trade volume (¢*) and help us reach interior solutions.

As for the buyer’s probability of moving to another region, we employ bilateral trade data for
calibration. Specifically, we assume this probability is proportional to a certain region’s degree of
economic integration with others, measured by the share of imports from different regions. For
EU, we set Agy,us = 0.053, A\guru = 0.445, Agurw = 0.501, given the relative share of EU
import from US, other EU members, and the rest of the world. For US, we set Auysgy = 0.021,
Aus,us = 0.849, Aysrw = 0.13, taking into consideration that the average import GDP ratio is
15.11% for US during sample period. Similarly, the RW buyers’ moving probability is calibrated to
Arw.EU = 0.181, Agw,us = 0.113, and Agw rw = 0.706. Additionally, suppose the DM matching
function in RW is BS/(B + S), where B and S denote the total number of buyers and sellers. This
matching function enables us to calculate the population of RW buyers that get matched at home,
leading to the number of buyers (N = 0.2239) and the number of investors (M = 0.1997) in the
benchmark model.

Next, consider the upper limits of US and EU safe assets, which include only government bonds
in our calibration exercise. For the US, we are able to collect the federal debt ceiling in each year,
as well as the share of US Treasury bonds held by foreigners (excluding EU20 members). For the
EU, the Stability and Growth Pact imposes an upper limit of the debt-GDP ratio at 60%, and
the share of EU government bonds held by foreigners is also available at the ECB. In addition,
following Chahrour and Valchev (2022), we assume that the safe asset could be used up to 8 times
per year for trade-finance transactions, given that the maturity for a letter of credit is usually 45
days. All these procedures lead to B; = 0.8114 and B, = 0.5452 for our quantitative analysis.

Finally, we choose the parameter value for the FM banking cost (E) and the DM information

16The EU region in our quantitative analysis is actually EU20, including Austria, Belgium, Croatia,
Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Portugal, Slovakia, Slovenia, and Spain.
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cost (F). In the steady state of our benchmark model, the interest rate spread between loan and
deposit is E/(¢m), so we set Fys = Egy = 0.1009 to target an interest spread of 3.08% at
equilibrium, which is the difference between the US bank prime loan rate and the US national rate
on 12-month certificate of deposit. As for the DM information cost, we choose a function form of
F(x) = fIn(1 4+ x) and set fys = fegu = 0.0107 to target an average cost of 0.5%, which is the
customer FX transaction cost in Devereux and Shi (2013). The parameter values are summarized
in Table 4, and these calibration exercises lead to a unipolar equilibrium where RW buyers hold
only USD for the intra-region DM trades, and the supply of USD safe assets does not reach its

upper limit. Such an equilibrium would be the starting point of our quantitative analysis below.

7.2 Quantitative Results

This part examines the impact of safe asset supply and the size of an economy on the structure
of the IMS. It is assumed that US and EU sellers accept only their home currencies, so the only
meaningful currency choices are made by RW buyers for the intra-region trades. As mentioned
earlier, the calibrated parameter values lead to a unipolar USD system, which means USD is the
only international vehicle currency in our initial equilibrium.

First, we illustrate the influence of safe asset supply. Obviously, multiple equilibria would
emerge in response to a change in Byg or Bry. Therefore, we select equilibria by maximizing the
household’s expected utility in the CM, and the locations of various currency regimes are shown in
Figure 11, with a red asterisk denoting the initial point. Similar to our numerical examples in Figure
7, a multipolar system is possible only when both Byg and Bgy experience a large contraction. As
for the unipolar system of USD, all else equal, it would not be replaced by EUR until Byg drops by
over 34%. In other words, the USD dominance as an international vehicle currency is sustainable
as long as the US fiscal capacity does not deteriorate by more than 34%.

Next, we discuss the role of economy size, which is measured by each region’s population in our
model. Our focus is on how the size of the US and the RW affect currency choices. Once again,
the currency regimes are selected by maximizing the household’s utility, and the results are shown
in Figure 12. It is not surprising that the USD would lose its dominance if the US size shrinks
by more than 32%, because a smaller economy is less capable of providing sufficient safe assets.
Meanwhile, the impact of the size of the RW economy is quite noteworthy. Starting from the initial
equilibrium, an increase of Nrw brings in two opposing forces working simultaneously. On the one
hand, a larger RW economy definitely demands more safe assets as collateral, increases the tension
between the MOE and the SOV role, and weakens the stability of a unipolar system. On the other
hand, the US economy benefits from a larger trade partner. The trade volume increases, and so
does their GDP. The results of our quantitative exercises show that the latter factor gains an upper
hand following an increase in the size of the RW economy. Consequently, the USD dominance is

strengthened as the world economy grows.
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8 Conclusion

In this paper, we present a unified framework to reconcile two competing views on the structure
of the international monetary system. We incorporate the dual roles of money, the medium of
exchange and the store of value, into a micro-founded monetary model based on search theory. The
supply of safe assets proves to be critical in shaping the landscape of the IMS. If a single country
is unable to supply enough safe assets, a multipolar IMS is more likely to emerge. Otherwise, we
have a stationary equilibrium with a unique dominant currency. For applications of the model,
we discuss the effects of monetary policy, fiscal policy, and joint policy cooperation. We examine
policy effects within an equilibrium and also compare the policy implications between different
equilibria. As another policy experiment, we consider financial sanctions on the dominant currency
and show that, surprisingly, social welfare may increase in a unipolar world. Finally, we allow
different variations of the baseline model, and our main results still hold. For future research, it
will be meaningful to study the short-run dynamics of the model and examine the pass-through of
shocks via international currency choices. It is also interesting to introduce the choice of invoicing
currencies, i.e., to capture the unit-of-account role of money, and allow rich interactions of all
three functions. In addition, our model can be easily adapted to discuss other topics on multiple
currencies, such as the coexistence and competition between paper fiat money and central bank

digital currency.
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A Tables and Figures

Table 1: The Effect of Currency 1 Inflation (R; 1)

Regime ¢1my1  ¢amo q e
U, 1 0 1 NA.
U, 1 0 1 N.A.
My { ) T T
A ! + x (MOE; — SOV,) 1
M { T o (MOE; — SOVy) 1

Table 2: The Effect of Fiscal Expansion (B 1)

Regime ¢1my1  ¢gamo q e
Uy 0 0 0 N.A.
U, 0 0 0 N.A.
M, T 4 4 I
Mo 0 0 0 0
M T I x(SOVy—MOEy) |

Table 3: A Combination of Monetary and Fiscal Policy (R, 1, B; 1)

Regime p1my Pama q €
U, ! 0 1 N.A.
Uy x (y101 — 1) 0 o (yo1 — 1) N.A.
M, x (y101 —1) o (1 —=m101) x (1 —v101) x (1 —v101)

M, x (y101 = 1) o< (1 =mo1) o (1 —=7v01)(MOEs —SOV3) o (1 —~101)

M x (y101 —1) o< (1 =m01) o (1 —=v01)(MOEy — SOV3) o (1 —~107)
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Table 4: Parameter Values for Calibrated Model

Parameter Interpretation Form/Value Target Data source
u(q) DM utility function 3[In(g + 0.0001) — In(0.0001)]
c(q) DM production function q/10
B discount factor 0.981 US real interest rate World Bank
Lus growth rate of USD supply 0.0146 US CPI World Bank
UEU growth rate of EUR supply 0.0121 EU20 CPI World Bank
Nys = 0.24
Nus, Ngu, Nrw buyer population Ngy = 0.16 Share in world GDP World Bank
Nrw = 0.6

Aus,us/Aus,EU/AUS,RW

AEU,US/AEU,EU/AEU,RW

ARW,US/ARW,EU/ARW,RW

BUS

Bry

DM information cost

FM banking fee

US buyers’ probability of moving

EU buyers’ probability of moving

RW buyers’ probability of moving

Upper limit of USD safe assets

Upper limit of EUR safe assets

F(z)=fIn(1+4+z)
fus = feu = 0.0107

eys = egy = 0.1009

Aus.us = 0.849
Aus,gu = 0.021
)‘US,RW =0.13

)‘EU,US = 0.053
AgU.EU = 0.445
Agu Rw = 0.501
Arw Us = 0.113

Arw EU = 0.181
Arw rw = 0.706

0.8114

0.5452

FX transaction cost 0.5%

US interest spread 3.08%

Share of US import
US import GDP ratio

Share of EU import

Share of RW import

US debt ceiling
US treasury bond held by

foreigners (excluding EU20)

EU debt GDP ratio 60%
EU government bond held
by non-EU20 countries

Devereux and Shi (2013)

FRED

UNcomtrade

UNcomtrade
FRED

UNcomtrade

US Department
of the Treasury

ECB
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Figure 1: Model Timing

DM FM CM
Decentralized Market Financial Market Centralized Market
\ | | |
[ I I I
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Household typeferms of trade Buyers pay sellers  Goods arrive Households
realized determined with bank loans Buyers repay banks choose portfolio

Figure 2: Trade Finance Arrangement

) goods shipped ) goods delivered
Buyers * Sellers Buyers ° Sellers
Banks Banks
deposit cash cash deposit
Investors Investors
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Figure 3: Interest Rate Level
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Figure 4: Monetary Policy

[ JRegime U1
[ TRegime U2
[ JRegimeM

0.6

05

0.4

N

0.3

0.2f

0.1f

0 I I I I 1 1 |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

39



fy

Figure 5: Monetary Policy with Welfare Maximization
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Figure 6: Fiscal Policy
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Figure 7: Fiscal Policy with Welfare Maximization
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Figure 8: The consequence
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Figure 9: Interest Rate Level with Costly Monitoring

\Moam rate

Notes: S7 = %W, Sy = %, S3 satisfies

NS, NS NS NS
[1 _Q,<N+]%4)]N+J:\)’4 = N+]:\)’4 _MEj _Q(N—H?/[)’
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Sy satisfies ;28 — M E; — Q(x47) = 5Sar

Figure 10: Deposit Rate with Flexible Bond Price

(a) Fixed Expenditure (b) Fixed Debt Burden
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iP with flexible bond price iP with flexible bond price

ilD with fixed bond price ilD with fixed bond price
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Figure 11: Calibration result: safe assets
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Figure 12: Calibration result: economy size
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B Appendix

B.1 Proof of Proposition 2

First, we need to make some assumptions on the functional forms to ensure the existence of an
interior solution for the multipolar system.
Assumption 1 Define Z(-) to compare the SOV role and MOE role when B is binding.

o7 08 a1 LM (¥ "
Z(ém):SOV—MOE—Q(l N—|—M>N¢m+<cl>(N/M)2

Assume J(¢pm) satisfies (i) Z(%) < 0; and (ii) Z(E#) > 0; and (iii) Z'(¢pm) > 0.
With this assumption that ensures a unique solution for Z(¢ym;) = 0 between £ j\y E and %, we
are now ready to prove the existence of a multipolar monetary system. We use the guess-and-verify

approach in different cases to prove this proposition.

B.1.1 Unconstrained Multipolar System

First, we consider a multipolar system where neither B; nor By is binding. Differentiate equa-
tion (7) with respect to mi, and we get

oJ . BN \('(q) 9¢ BM\ 8if furin1)
Gy~ 1= o0)+ <N+M) <c’(q) D _¢1> * (N+M) 1y (44)

For simplicity, we drop variables with a hat. We also make the following definitions to simplify our
analysis below: A = ¢1mq, X = Zk Lo1ma(k), Y = ijt\%l ¢1mq(k). At equilibrium, X = NA,
Y=MA,1+i1 = (X —ME;)/Y. When a single household increases its real balance holding by 1
unit, the loan repayment is expected to increase by N/(IN + M), and the total deposit is expected
to increase by M /(N + M). So we have 0X/0A = N/(N + M), and 0Y/0A = M /(N + M). Now
we can derive the F.O.C. in this case.

0 _ (5h1— o) +< BN )(u’(q) aql_ m) ( BM >a<z'?<§1m1>

omq N+ M)\ d(q) 0m N+ M omy (45)
s BN N\ [«(q) (%) B1M \ (9P 1)
= (Bgr =)+ <N+M) [c’(q) ( B Fl) Doy 1] * <N+M) ( Dy )
8(%) (Y+AN]—§—/[M)X N—]&YMAY (46)

dprmy) X2
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d(iip1mi) . p n oiP

=1 o ae— m
Op1my ! 8(¢1m1)¢1 !
! dp1my
NY M(X—-ME)
_ D, NEM NTM_ y (47)
V2
" N 1 X - ME
M(N+M) N+M Y
. 1 N ] )
:z?—i_N—i—M[M_(l—Hl)} =i +m
MX-NY AN AM NAY
PE) M M Xl N (X - R "
m)? X2 N+M X2 N+ M X3
OAY) _y OA(AY)
At steady state, 6(¢>1)7(m) = %, 8(%7;(1)2 =0
_ 24V M NY M(X—ME1)
P(iPp1my) 2, T — M%JF%E” B N+M [N—i—M NTM
Ip1m1)2 A Y2 iz
2m 2Mm (49)

B.1.2 Regime M

When the banking sector’s balance sheet size is constrained for both currencies, the F.O.C.
becomes the following.

0 _ (a3 BN \[(v(q) 9¢ BM 8P yin)
8mf_ww_¢ﬂ+<N+N»(d@ﬂWh_%>+(N+M> o (50)
= 300 + (22N (1) 2(%) +( An) (2P

ST PTAN 1M ) () V) agum | F\N+ 1)\ 06m,
oax) M
6¢1m1 N <51)
8(7/1D¢1m1) D Bl — ME; _:D 1+ D - (52)
dpr1m N+MyY T NyMmM oM
2(iPemy)  (Bi—MENGh A M O\?
oot v W«N+M)wrwmﬂ (53)
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B.2 Proof of Proposition 3

Recall assumption 1 that defines J(-) to compare the SOV role and MOE role when B is binding.

o7 vop_af1_ L )M, (v P
Z(om) =50V - MOE =2(1 — o ) o+ () o

We also assume the following property of the function form (i) Z(%) < 05 (i) Z(LAJJVIE) > 0; (iii)
Z'(¢m) > 0.

Consider a symmetric equilibrium where SOV and MOE conflict with each. This means the
parameters are identical for country 1 and country 2, and the safe asset supply is insufficient for
both currencies. Therefore we have either a multipolar SME (SOV > MOE) or a unipolar SME
(SOV < MOE). According to the F.O.C.

NfM [Z’I((Z)) <1JV_/J\Z{>]+NTM <i?_ﬁ1> - NfM [g:((g <1N_/]\1;2/)]+N]4\—4M (ig_ﬁ2> = =R

(54)

1+4dP  1+4dP
= — == 55
M=M= NIM N+M (55)

Bl — ME1 B BQ - ME2
SV udi(k) SN bada(k)

First, consider the role of the inflation rate R. The household’s CM maximization problem
must be concave, then we have 9(¢m)/IR < 0. Because Z’ > 0, therefore we get

1+iP =1+ = (56)

SOV — MOE , d(¢m)
or 2 0mTagR
According to this result, a decrease of inflation rate shall aggravate the SOV and MOE roles’
conflict. Next consider the role of safe asset supply limit. Differentiate the F.O.C. with respect to
B and use the concavity of the household’s CM maximization problem, we can get d(¢m)/dB > 0.
Therefore

<0

SOV — MOE 0 1 M 07
SOV — MOB _ ©Wm) L o(y - =T 50

0B 0B N+ M ) N¢m OB
This means an expansion of the safe asset supply limit helps mitigate the SOV and MOE roles’
conflict. Next, consider the role of fixed cost in the banking sector. Similar to the procedure
mentioned above, we have

J'(¢m)

SOV — MOE 0 1 M 07f

oF ok N+ M ) N¢mOFE
Lastly consider the role of the variable cost in DM transactions. For simplicity, assume F(¢m) =
(¢pm)€ and 0 < € < 1. In this way, a decrease of € implies less DM transaction costs. Differentiate

F.O.C. with respect to €, and we can prove that 9(¢m)/de < 0. Apply this result to the comparison
between the SOV and MOE roles, and we have

Z'(¢m)
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SOV — MOE o d(¢m)
Oe = Z(¢m) Oe

As long as € < 0.5 and ¢m > 1, we would have 9(SOV —MOE)/9e < 0, which means a decrease
of DM transaction costs would intensify the conflict between the SOV and MOE roles.

+ (¢m) 2| (1 — 2€) + e(e — 1) In ¢m

B.3 Comparative Statics in Table 1
B.3.1 Regime U,

Consider a unipolar system of currency 1 when the bank’s balance sheet size is not constrained.
An inflationary monetary policy decreases the household’s currency holding as well as the DM trade
volume. In this regime, the first-order condition for the household’s maximization problem is

) () n

Define f(¢1my) = NfM [C:(;’) <N/M) — 1} + N%M (zf) + 7]1>, and f'(¢1m1) < 0 because the

household’s objective function must be concave. Then we are able to conduct a comparative statics

analysis.

d(p1my) 1 dq

= <0, —
Ry f(pr1ma) ORy

(1—FY) 1

O = "N Flgim)

<0 (58)

B.3.2 Regime U,

Consider a unipolar system of currency 1 when the bank’s balance sheet size is constrained.
The corresponding F.O.C is

] e )

Define g(¢p1mq) = NfM [Z,/((g)) (?\/_/Eﬂ + MLM (zf) - 771>, and ¢’ < 0 to ensure the household’s
objective function is concave. Again, we can do a comparative statics analysis.

d(p1my) 1 dq

= <0, 2L
Ry g'(p1m1) ORy

(1— Fj)M/N

@) = m)

<0 (60)

B.3.3 Regime M,

Consider the case when the bank’s balance sheet size is constrained for currency 1, but not for
currency 2. The F.O.C. then becomes the following

vt L O FM] g (o) = o
waar e () 1 (2 m) - @
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Then we can also get the related Hessian matrix at equilibrium.

—Li1 +MOE; — SO0V, —(Lng)%
_ BN
= (63)
N+ M 1
—(L1L2)2 —Ly + MOEy + SOV,
Given that the Hessian matrix is negative definite, we get
H —H
O(p1m1) _ 22 <0 Opama _ 21 >0 (64)
ORy Hy1Hyp — HiaHo1 OR; Hi1Hyp — HiaHop
Then we are able to derive the relationship between ¢ and R;
8(] ,( ) 1-— F{ 8(]517711 + 1-— FQ/ 8¢2m2
ik SpY —
aR, N/M ) oR; N/M ) oR;
B (1—F{> Hyo (1—F§> Hyy (65)
N/M ) Hy1Hao — HioHo N/M ) Hy1Hao — Hi2Ho

~ (1-F)M/N
Hyi1Hoo — HigHo

(MOE; + SOV3) > 0

B.3.4 Regime M,

Consider the case when the bank’s balance sheet size is constrained for currency 2, but not for
currency 1. The F.O.C. then becomes the following

Euv [UEZ; <1N/]\§1> - 1] s (i? + m) = Ry (66)
N —ZXM [z,lég)) (1- Fé)M/N] + N+MM (z’? - 172) = Ry (67)

Then we can also get the related Hessian matrix at equilibrium.

— Ly + MOE; — SOV, —(LyLy)?
__BN
= (68)
N+ M 1 [
*(L2L1)2 —Lo +MOEs + SOV,
Given that the Hessian matrix is negative definite, we get
0 H. 0 —-H
(pr1m1) _ 22 <0 | Pama _ 21 <0 (69)
ORy Hy1Hay — Hi2Hoy OR; Hy1Hoy — Hi2Ho
Then we are able to derive the relationship between ¢ and R,
aq / 1-— F{ aleTnl / 8§b27r52
— = 1—-F)M/N
o, @ < N ) Tom, T4 T BRIMIN=E
1-— F{) H22 / H21
= —(1—F)M/N 70
( N/M ) Hi1Hyp — Hi2Ho ( 2)M/ Hyi1Hoo — HigHop (70)
(1— F))M/N

= MOE; — SOVs) >0
Hyi1Hoo — H12H21( 2 2)
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B.3.5 Regime M

Consider a multipolar monetary system where the bank’s balance sheet size is constrained for
both currencies. F.O.C becomes the following.

NfM{ﬁgu—ﬂmwN}+NYM<ﬁ—m>:Rl (71)
NfM [z,/((s))(l —Fé)M/N] - N]J\fM (i§ —772> = Ry (72)

The related Hessian matrix at equilibrium now becomes the following.

BN —L; + MOE; — SOV, —(Lng)%

TN+ M

—(L1Ly)? —Ly + MOE; — SOV,

Define H;; as the element (i,j) in this Hessian matrix. Then we can do comparative statics analysis.
Differentiate equation (71) and (72) with respect to Ry, and we get the following.

d(p1m1) d(pams)
Hyi———2 4+ Hpy—=— =1 74
11 OR, + 2 R, (74)
d(p1m1) d(pams)
Hyy———> + Hyyp———=- =0 75
21 OR, + a2 oy (75)
Given that the Hessian matrix is negative definite, we get
O(p1m1) Hyy Opameo —Hyy
= <0 = >0 76
OR; Hy1Hyp — HiaHoap ORy Hy1Hyy — Hi2Hop (76)
Then we are able to derive the relationship between ¢ and R;
dq / / Op1my / Opamsa
—_— =(1-F)M/N——— 1—F)M/N
3R10(Q) ( 1) / 8R1 +( 2) / 8R1
H22 H21
=(1—-F)M/N —(1—F)M/N 77
( M/ Hy1Hso — Hi9Hy ( 2)M/ Hy1Hso — HioHoy (77)
(1— F)M/N i
= MOE; — SOV
Hy1Hyo — Hi2Hoy ( ? 2)
Similarly, we get the comparative statics about Ra
0 H 19} -H
(2ma) _ 11 <0 , p1my _ 12 <0 (78)
ORy HyoHyy — Hi2Hoy ORy Hy1Hys — HiaHo
dq , (1 - F3)M/N AT
1 = MOE; — SOV 79
ORy @ Hy1Hayy — Hi2Hoy ( ! ) (79)

Therefore, in a multipolar monetary system, an inflationary monetary policy of currency 1
(Ry 1) always decreases the household’s holding of currency 1, but the effect on DM trade volume
is uncertain: if the bank’s balance sheet size is also constrained for currency 2, and SOV role is

9q

larger than MOE role for currency 2, then ar; <0. Otherwise, an inflationary monetary policy of
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currency 1 promotes the DM trade volume.

B.4 Comparative Statics in Table 2
B.4.1 Regime U,
The F.O.C. in this case is
N UI(Q) / M -D = _
N+ M C/<q)(1_F1>M/N +N+M it —m =R

Differentiate this equation with respect to B;, and we can get

(92J 8(¢1m1) 62J -0
d(p1m1)* 9By d(pr1m1)dBy
Because S.0.C. requires % < 0, so we only need to determine the sign of m

2y M (1 1 ) ! >0
O(prm1)0B1 ~ N+M\" N +M )= 6 (k)
Therefore

O(p1m1)
0B,

9% _
> 9(¢p1m1)0By
> (0 and 6%11 >0

B.4.2 Regime M,
The F.O.C. in this regime is

NfM [Z:((Z;(l - F{)M/N] + N]fM <z‘? —m) = Ry

el 48(5) -t )-

Differentiate these two conditions with respect to Bj, and we can get

d(¢p1m1) d(p2m2) 0*J
H H _ =
"ToR T ToR, T d(gumn)oB
d(p1my1) (pama)
H2178§1 +H2278§1 =0
Then we can get
Agrm) _ 0*J _ ( —Ha > >0
0B; 8(¢1m1)831 Hi1Hy — HioHoy
O(¢pamna) _ 0%J _ ( Hy > <0
0B O(¢p1m1)0B1 \ Hi1Hog — HioHo
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(81)

(82)

> 0. Then, similar to the comparative statics analysis in Table 1, we can get



We are also able to derive the relationship between q and By

8(1)17711 + 1 —F2/ 8¢2m2
0B, N/M ) 0B

—0%J (1—- F))M/N
— _ MOE5 + SOVy) <0
<8(¢1m1)331> Hy1Hao — H12H21( 2 2)

ﬂc
0By

"(¢) = (1 - F))M/N

B.4.3 Regime M

Similar to the procedures in the comparative statics analysis in Table 1, we can derive the
impact of By on ¢1m1, ¢oms and q.

_H2 H
g1m) _ < FJ >( 22 > >0 (90)
0By O(p1m1)0By ) \ Hi1Haa — Hi2Ho
2 H
8¢2m2:< rJ >< 21 ><0 (91)
0B; d(p1m1)0B1 ) \ Hi1Hao — HioHoy
Then we are able to derive the relationship between ¢ and Ry
Jq / / Op1my / Opamsa
— =(1—-F))M/N—= 1— F))M/N—=
55¢@) = (1= F)M/NZEI 1 (1 = P M N2 -
0%J (1— F))M/N } S
= _ SOV4 — MOE
<3(¢1m1)331> {H11H22 — HizHy (507> d
B.5 Comparative Statics in Table 3
B.5.1 Regime U,
This is similar to the case in regime U; of Table 1
dpm) 1 o , _(1—F) 1
= <0, —=—c(q) = <0 93
R Py 0 orC WS TN Pl (55)
B.5.2 Regime U
N_ 99D pryagn] 4 M (0 _n) — R (94)
N+ M| d(q) ! NEDVAGEG !
Differentiate this equation with respect to B;, and we can get
82J 8(¢1m1) 82J
Iprmi1)?  ORy O(p1m1)0By ! (95)
Then we can get the following.
Ngmi) 1 -—mo (96)
IRy 92J/0(gprm1)?
2
0°J (97)

m= 8((;517711)631

52



B.5.3 Regime M,

prm1) _ < —Hp >(’7101 _
OR; Hyi1Hoo — HioHo

Opama _ ( ] )(1 —M01)
OR, Hy1Hap — HioHoy

~p-c(a) =1 - F)M/N

8¢1m1_|_ 1 — Fy\ Opama
8R1 N/M aRl

(1—-F{)M/N < > < >
= 1— o MOE, + SOV
Hyi1Hoo — HioHo ne 2 2

B.5.4 Regime M,

(91m) = ( —Hn >(7101 —1)
OR; Hy1Hay — HioHyy

s (o N
ORy Hy1Hyy — HioHo

Jdq , 1 — F{\ 0¢1my / Opama
94 iy | — Fj)M/N
T ( N ) o, T4 TRMINTE

= 1 —v0o MOE, — SOV
Hyi1Hoo — Hi2Hoy na 2 2

B.5.5 Regime M

Igrm1) —Hap (mo1 —1)
ORy  \ Hi1Ha — Hi2Hy e
Opama —Hy (1= o)
ORy  \Hi1Hy — HioHo ne
8(] ’ / a¢1ml 1-— Fé 8¢2m2
e =(1—-F,)M/N
o, ¢ = U= FOMIN=50 =+ a1 ) "om,

= 1 — o MOE,; — SOV
Hyi1Hoo — HyioHo ne 2 2
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B.6 Generalized Bargaining Power in DM

Now assume the buyer and the seller have a proportional bargaining game to determine
the terms of trade in the DM. Let 6 be the buyer’s bargaining power, and the seller’s

bargaining power is (1 — #). Then, the buyer’s DM maximization problem becomes the

following.
VB(mh my) = %},%f {U(Q> + WH(ml — P1, M2 —P2)}
St R em) PO At = T (107)
il = fj-;:; < min{qﬁg]ﬁjm} 1+ Zf = ¢jljf§g¢jlj) - {%lj:bgg%lj)} (1+ ZJL)

The DM production level is determined as follows.

min{¢1my, BI/N} i min{ $am, B2/N}

(1 - 6)“(‘]) + 96(‘]) = 1+ %1 1+ 22

The household’s CM maximization problem is the same as (7) in the benchmark model.

Case I

When the balance sheet size is unconstrained for both currencies, the F.O.C. becomes

N u'(q) 1—F M .
-1 =R 108
N+M[(1—9)U’(Q>+96/(Q)<N/M TN\t ! (108)
Margina?q)M gain MarginaIrFM gain
N u'(q) 1—F} M .
-1 o _ 1
N+M|:(1—8)u’(q)+90’(q)<N/M +N+M Ly + 712 Ry ( 09)
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W= 577 3 - A+ D) (110)

The S.O.C. now becomes

— Ly + MOE; + SOV, —(L1Ly)2
=N (111)
N+ M )
—(L1L2)5 —Lqy + MOE2 + SOVQ
9<u//c/ o c”u’) (1 _ F() 2
L, = J 112
j ([(1 “ 0w 1 90’]3) [ | 7 (112)

1

u’ —F. 1
MOE; = J _ - | "
8, = [ g (] 70 SOV = gy (1= )20 (19

BN
H| =
I N+M

|:(L1 — MOE1 — SOVl)(LQ — MOE2 — SOVQ) — L1L2:| <0 (114)

Case 11

When the balance sheet size is constrained for both currencies, the F.O.C. becomes

N ' (q) 1—F\] Mo,
- =R 115
N+ M| 0=+ \ N )| TN\t~ ™ ' (115)
MarginarDM gain MarginaTFM gain
N T ' (q) 1— F)\] M o[,
- =R 116
N+ M| 0 —0u(g) 1o\ N )| TN\ T ) (116)
1+ ij?
T = 11
BE=NTM (117)
The related Hessian matrix at equilibrium now becomes the following.
—Li+ MOEl — SOV'1 _(LlLQ)%
= - (118)
N+ M 1
—(L1Ls) Ly + MOE, — S0V,
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B.7 Appendix for Quantitative Analysis
B.7.1 Classification of Currency Regimes

In our quantitative analysis, we classify our model outcome into 8 currency regimes

e Regime blb2: households choose both currencies, and safe asset supply binding for

both currencies

e Regime nln2: households choose both currencies, and safe asset supply binding for

neither currency

e Regime b1n2: households choose both currencies, and safe asset supply binding only

for currency 1

e Regime nl1b2: households choose both currencies, and safe asset supply binding only

for currency 2

e Regime nl: households choose only currency 1, and its safe asset supply is not binding

e Regime bl: households choose only currency 1, and its safe asset supply is binding

e Regime n2: households choose only currency 2, and its safe asset supply is not binding

e Regime b2: households choose only currency 2, and its safe asset supply is binding
Based on these classifications, our numerical examples define different systems as follows.

v' Unipolar system of currency 1 (U1): this set of system includes regime nl and bl

v" Unipolar system of currency 2 (U2): this set of system includes regime n2 and b2

v Multipolar system of two currencies (M): this set of systems includes regime b1b2,
nln2, bin2, n1b2

B.7.2 Functional Forms and Parameter Values

o Growth rate of two currencies: 1, po
e Nominal interest rate of two currencies: 1+ Ry = (1 4+ p1)/8, 14+ Ra = (1 + u2)/5
e Safe asset supply: B, B

e Discount factor: g = 0.966
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Number of buyers: N =8

Number of investors: M =5

Commission fee: E; = Fy =2

DM utility function u(q) = u,[log(q + up) — log(up)], we =3, wup = 0.01
DM production cost function ¢(q) = ¢, *q, ¢, = 0.2

DM information cost function F(x) = t,log(1+ z), t, =0.2

Household welfare level: W = —Ri¢ymy — Ragamy + a|u(q) — ¢1p1 — dopa| + (1 —
a)(iPpimy + i8 poms), a =0.25

B.7.3 Computation Procedure

The system needs to solve three variables: households holding of currency 1 (¢1m4),

currency 2 (¢ams), and the DM trade volume (q). Basically, we take a guess-and-verify

approach as follows.

1.

2.

Set parameter values and functional forms

For each currency regime, solve the household’s currency holding and DM trade volume
according to F.O.C.

Check whether these solutions are reasonable in each regime. This requires (i) the
money holding level falls within the desired range; (ii) marginal gain from DM trade

is positive; (iii) marginal gain from FM investment is positive

. Check S.0.C to see whether these solutions provide a stationary equilibrium

If necessary, for the remaining regimes, calculate the household’s welfare level in each

case and pick up the regime with the highest welfare level.

B.8 The Coexistence of Physical Money and CBDC

In this section, we apply our model to discuss the coexistence of physical currency and
central bank digital currency (CBDC). Different from Keister and Sanches (2021), households

in our model are willing to choose both currencies even if they have different returns, and

we highlight the importance of MOE and SOV role: physical currency and CBDC coexist

with each other as long as the SOV role is in conflict with and larger than MOE role.
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For simplicity, assume the economy starts with a unipolar system of currency 1, and the
CBDC is issued by country 1’s central bank. We characterize CBDC with the following
properties. (i) In the DM, sellers accept both physical currency and CBDC, and there is no
information cost for CBDC payments. (ii) Sellers are willing to make shipment first if buyers
pay with CBDC because record-keeping technology such as blockchain allows central banks
to easily track the buyer’s identity in case of default, so the contract could be enforced at
zero cost. In other words, the rise of CBDC will probably lead to financial dis-intermediation
and a drop in bank deposits. (iii) Households are allowed to buy/sell CBDC in the CM,
and country 1’s central bank ensures that the exchange rate between physical currency and
CBDC is always 1. (iv) CBDC’s holders earn a deposit rate of i. in the next CM, which is
independently set by the central bank and unaffected by household’s portfolio choice. The

central bank’s budget constraint is
¢ (M) + C1) = oo [My + (1 + i) Cy] + 7 (119)

where C] denotes the total supply of currency 1’'s CBDC, and 7; denotes the lump-sum
tax/transfer that helps balance the budget constraint. We still consider an SME with a
constant growth rate of money supply, so that gisl(M1+CA’1) = ¢1(M1+C4) and ¢ = (I—HL)&L
Consequently, the two currencies’ nominal interest rates become the following.

_l+m 1+ m

R, = 7 ! Rczm—l (120)

Because the nominal interest rate here means the opportunity cost of holding currency, so
CBDC provides a better return when 7. > 0. Now we are ready to discuss the coexistence

of physical currency and CBDC in different scenarios.

B.8.1 Case 1: B; Unconstrained and Unrelated with CBDC

Consider the first case when B; is not constrained in the initial unipolar system, and
issuing CBDC doesn’t affect country 1’s safe asset supply. If households choose both physical
currency and CBDC in the CM, their F.O.C. becomes

N fM [% <1N_/]\§1/> - 11 + MLM (i? - m) = (121)
vl 1] =+ 02
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where 7 still reflects households” market power in the FM of physical currency, while i, is

independently set by country 1’s central bank. The Hessian matrix then becomes

N — Ly + MOE; + SOV, —(LiL.)?

N+ M (123)

_(LILC)% _Lc

where L. = (u”¢ — 'u’)/(')? is the liquidity premium of paying with CBDC in the DM. Tt
is easy to show that |H| < 0, so a multipolar system is not stationary in this case, which
means the physical currency and CBDC will never coexist when the SOV and MOE roles
work in the same direction.

In Figure 13, we further illustrate the effect of CBDC’s deposit rate i. on currency
holding and DM trade volume. Although central banks could set this deposit rate at a
positive or negative level, we focus on the case of i, > 0 so that CBDC is more attractive to
households. When 0 < i, < ., households prefer to hold only physical currency because B,
is not constrained and households benefit from economy of scale when they concentrate on
physical currency. The change of i, has no effect on DM trade volume q. On the other hand,
with 0 < i, < i, the opportunity cost of physical currency becomes relatively too large and
households divert their portfolio into CBDC. In this case, DM trade is completely settled
by CBDC, and an increase of . leads to a higher trade volume. Moreover, CBDC takes the
place of physical currency and financial dis-intermediation does happen, but these do not
necessarily imply a welfare decrease, because CBDC supports a higher DM trade volume

with a lower level of inflation.

B.8.2 Case 2: B; Constrained and Unrelated with CBDC

Consider the second case when B; is constrained in the initial unipolar system, and issuing
CBDC still has no impact on country 1’s safe asset supply. If households choose a diversified
portfolio in the CM, their F.O.C. and related Hessian matrix become the following.

N {u’(q)
N+ M| d(q)

(1— F{)M/N] + NYM (@'{3 - 771> =R (124)

N [ “(q) 1]:30 (125)

—L, + MOE, — SOV, —(L,L,)?

N +

(126)

N

) _Lc
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When SOV; > MOE,, the Hessian matrix is negative definite, which means a multipolar
system of physical currency and CBDC is stationary. Therefore, as shown in Figure 14,
households choose both currencies in the CM with an intermediate level of 7.. Accordingly,
CBDC'’s deposit rate i. affects DM trade volume when i, > i..

B.8.3 Case 3: B; Constrained and Related with CBDC

Consider the third case when By is constrained and it is also related to the amount of
CBDC in circulation. Specifically, assume both physical currency and CBDC require safe
assets as collateral so that an increase of ¢;C] limits the government’s fiscal capacity and
lowers the level of the country 1’s safe asset for physical currency, i.e., 3B, /(¢ C;) < 0.
Given this setup, the F.O.C. and Hessian matrix of the household’s CM problem are identical
to those in case 2, and both currencies coexist with each other when SOV; > MOE;.

However, we can show that

9SOV, SOV, 0B,

- <0 127

6¢1C’1 Bl — ME1 8¢1Cl ( )
OMOE; ME; aBl

T (9 >0 128

96:Ch Br(Br — MEy) 96 C (128)

which means, in comparison with case 2, the coexistence of physical currency and CBDC
becomes more difficult. This is also illustrated in Figure 15, where the interval between i,

and i, is relatively short now, and CBDC completely replaces physical currency if i, > i..
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Figure 13: The Coexistence of Currency 1 and CBDC, Case 1

(a) Currency 1 (b) CBDC (c) DM Trade Volume
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Figure 14: The Coexistence of Currency 1 and CBDC, Case 2
(a) Currency 1 (b) CBDC (c) DM Trade Volume
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Figure 15: The Coexistence of Currency 1 and CBDC, Case 3
(a) Currency 1 (b) CBDC (c) DM Trade Volume
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Table 5: List of Variable Names

Symbol

Meaning

T TOEINRT 22 TSYETRTRZOERAmTSI DO AT I N9 2 we

the relative value of DM trade in households’ welfare, set at o = 0.25
Discount factor across periods

the sensitivity of households’ marginal welfare in response to safe asset supply, v = %E
the change of safe asset supply due to inflation

the correlation between safe asset supply and the degree of financial sanctions
the share of households under financial sanctions

the change of deposit rate due to household’s market power

the investor’s bargaining power when the deposit rate is determined by decentralized bargaining
inflation rate

the bank’s profit function

the probability for banks to be monitored in the case of costly monitoring
Monitoring cost function

government’s lump-sum transfer

the currency’s value in terms of a numeraire good

the nominal amount of government bond

the limit of government bond’s real supply

the seller’s DM cost function

the investor’s nominal deposit

the bank’s operation cost for a single investor

the buyer’s DM information cost

the Hessian matrix of households” CM maximization problem

the FM deposit rate for investors

the FM loan rate for buyers

the effective loan rate for buyers, including information cost

the FM deposit rate for investors, in the case of costly monitoring

the household’s CM welfare level

the buyer’s nominal amount of loan

the nominal amount of currency

the number of investors

the number of buyers

the buyer’s loan repayment

the price of government bond

the DM trade volume

the nominal interest rate, derived from Fisher equation

the buyer’s DM utility function

the CM utility function

the value function for DM or FM

the CM value function

the CM consumption of numeraire goods
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