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Abstract

We study a model in which agents choose the currency in which to denominate
contracts, and the government chooses the inflation rate. The optimal choice of cur-
rency trades-off the price risk of each currency with how this risk covaries with the
relative consumption needs of the agents signing the contract. When a larger share
of private contracts are denominated in local currency, the government can use in-
flation to redistribute resources more effectively within the economy which, in turn,
makes local currency more attractive as a unit of account for private contracts. The
use of local currency is more likely when there is low domestic policy risk. Consistent
with recent policy initiatives, policies that encourage the denomination of contracts
exclusively in local currency can be desirable, since private agents do not internalize
the complementarities between private actions and those of the government. We also
use our model to explain observed hysteresis of dollarization that occurred in sev-
eral Latin American countries, and the wide use of the dollar in international trade

contracts.

*We thank seminar audiences at Columbia and the SED for valuable comments.



1 Introduction

One of the central roles of currency is to serve as a unit of account in credit contracts.
While in most countries this role is exclusively fulfilled by the local currency, several
countries also rely on a foreign currency (for example the dollar) to denominate domestic
contracts. The coexistence of multiple currencies in denominating contracts is especially
relevant in emerging economies, which are often subject to high levels of government
policy risk. In this paper, we address two related questions on the role of currencies as
units of account. First, what determines the currency choice of contracts among private
agents? Second, how does this collective currency choice affect the government’s conduct
of monetary policy?

To answer these questions, we study a general equilibrium model in which agents
choose the currency in which to denominate contracts, and the government chooses the
inflation rate. These contracts involve the provision of a good in exchange for a future
payment in some currency. The optimal choice of currency considers the price risk of each
currency and how this risk covaries with the relative consumption needs of the agents
signing the contract. The price of the local currency is chosen ex-post by a benevolent
government and depends on the use of local currency in private contracts. A key fea-
ture of this model is a source of complementarities between the actions of private agents
and those of the government. When a larger share of private contracts is denominated
in local currency, the government can use inflation to redistribute resources more effec-
tively within the economy which, in turn, makes local currency more attractive as a unit
of account for private contracts. Local governments are also subject to exogenous pol-
icy risk which reduces the attractiveness of denominating contracts in local currency. We
show that the set of equilibria depends crucially on the level of policy risk and multi-
ple equilibria can emerge. We also ask if competitive equilibria are efficient and argue
that there might be a role for policy to encourage private agents to denominate contracts
exclusively in local currency. This is because private agents do not internalize the com-
plementarities described above. This might help explain recent policy initiatives in many
emerging economies aimed at discouraging or prohibiting the use of foreign currency in
domestic contracts.

We begin by characterizing the optimal bilateral credit contract. Agents engage in
credit contracts to exploit gains from trade of a special good. Credit contracts stipu-
late the amount of a special good that is provided at the date the contract is signed, in
exchange for an amount of local and/or foreign currency to be paid in the future. Cur-
rencies serve only as units of account, since the actual payment in the future is made in
terms of a numeraire good. Agents receive taste shocks which affect their marginal util-

ity of consuming the numeraire good. This increases the desirability of currencies whose



price (measured in terms of the numeraire good) covaries with these shocks. We assume
that default is costly, which in turn reduces the desirability of currencies with higher price
risk. The optimal currency choice features a trade-off between these two forces.

The government’s optimal choice of inflation trades off the benefits of redistributing
resources between agents with the costs of deviating from a target. The benefits of redis-
tribution arise from the differences in taste shocks of creditors and debtors, and capture
a need for discretion in monetary policy. The optimal inflation choice redistributes re-
sources between creditors and debtors in an ex-post efficient way. For example, when
debtors have a high marginal utility (relative to the creditors) the government chooses
higher inflation to lower the burden of debt payments. The degree of redistribution that
takes place depends positively on the use of local currency in private contracts. The gov-
ernment’s inflation choices are also affected by the degree of policy risk, modeled as a
stochastic inflation target, which is independent of the currency choice. The choice of in-
flation induces a distribution of local currency prices which affect the ex-ante benefits of
local currency relative to the foreign one.

We fully characterize the set of equilibria for different levels of policy risk. For low
levels of policy risk there is a unique equilibrium in which all contracts are denominated
in local currency while for high levels of this risk, all contracts denominated in foreign
currency. For intermediate levels of policy risk, there are three equilibria: two which
involve exclusive use of either the local or foreign currency and a third interior one in
which both the local and foreign currency are used. This characterization helps rationalize
why countries with low levels of policy risk like the U.S., Europe, or Japan rely exclusively
on their local currency as a unit of account in domestic contracts. In contrast, countries
with high policy risk such as those in Latin America and Eastern Europe tend to partially
or fully rely on foreign currency as a unit of account.

Both recently and historically, many countries have introduced policy initiatives to ei-
ther encourage or discourage the use of foreign currency as a unit of account. In recent
years there have been policy initiatives in a large number of emerging market economies
that discourage the use of foreign currency as a unit of account. Two such examples
are Brazil and Colombia that currently prohibit the denomination of bank deposits and
loans in foreign currency. Other examples of similar initiatives include policies in Croa-
tia, Hungary, and Poland which either heavily regulated or forced conversion of foreign
currency housing loans to domestic currency.! In contrast, two decades ago Ecuador and
El Salvador fully dollarized their domestic economies.

Our paper can help explain the prevalence of such policy initiatives. We study the
problem of a social planner subject to the same constraints as private agents. We find

L Another example is Peru which in 2004 prohibited retail price setting in foreign currency.



that the optimal allocation calls for exclusive use of local currency if policy risk is low
and exclusive use of foreign currency if policy risk is high. As a result, for regions of
the parameter space in which there are multiple equilibria, allocations that involve use
of both currencies are dominated by ones in which only one of the currencies is used. In
particular, for relatively low values of policy risk the interior equilibrium is dominated by
one in which only the local currency is used while for relatively high values of policy risk
the interior equilibrium is dominated by one in which only the foreign currency is used.
Moreover, the set of parameters under which the former is true is larger than the latter
and this difference increasing in the variance of the process governing the taste shocks of
the numeraire good.

We then use our model to shed light on the observed hysteresis in the share of for-
eign currency-denominated contracts. This pattern is most striking in many Latin Amer-
ican economies that still exhibit high levels of financial dollarization in spite of continued
success in controlling inflation and inflation risk in the last decade. Figure 2 plots the
evolution of deposit dollarization and annual inflation (capped at 100% per annum) for
4 developing countries from 1980 to 2007: Argentina, Bolivia, Peru and Uruguay. All
economies went through episodes of rapid increases in the inflation rate, followed by a
rapid increase in the fraction of deposits in US dollars. Surprisingly, even though inflation
later stabilized, financial dollarization remained high and stable.

To address this empirical pattern, we enhance our baseline model by endowing debtors
with claims on local and foreign currency that, as we show, can arise endogenously as a
consequence of trading within a credit chain. In this model, currency choice exhibits hys-
teresis due to the fact that there are benefits of matching the currency of denomination
of new debt contracts to the outstanding claims that back the debtors future payments.
We illustrate this by showing that even if policy risk gets arbitrarily small, in equilibrium,
foreign currency (dollars in this case) will still be used a unit of account. The reason is
that it is optimal to match the currency of older contracts and only de-dollarize the claims
that are backed with future income.

Next, we extend our model to study currency choice in international trade contracts
that involve parties from two different countries. Gopinath (2015) documents that the
dollar is widely used as a unit of account in international trade contracts. In particular,
countries like Japan and Korea have low inflation risk, low domestic dollarization, and
yet have a significant fraction of their international trade contracts denominated in dol-
lars. We extend our model to allow for international trade contracts in which debtors and
creditors are from two different countries and contracts can be set in three possible cur-
rencies: the currencies of the debtor or creditor country, and a foreign currency (which in
this case stands for the dollar). Our model can rationalize the large use of dollars in in-

ternational contracts relative to domestic contracts. In particular, we show that the range
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of policy risk for which a unique full dollar equilibrium exists in the model with inter-
national trade contracts is larger than the range that determines the unique full dollar
equilibrium in the model with only domestic contracts. As a result, for levels of policy
risk that are low enough to sustain a unique local currency equilibrium for domestic con-
tracts, equilibria in which international contracts are denominated in foreign currency
can exist. The reason is that the benefit for an agent to denominate contracts in the local
currency of its trading partner is lower if the partner is from a different country. This
is because the government only has incentives to respond to the taste shocks of its own
citizens and not those from other countries. In contrast, for domestic contracts, the gov-
ernment responds to the taste shocks of both partners involved, thus raising the benefit
of denominating in the local currency.

Finally, we extend our model to allow for strategic default. We show that the ability
of private agents to partially insurance against taste shocks via default can increase the
relative benefit of denominating in the local currency as it reduces the average cost for the

government of providing insurance in states where there is no default.

Related literature. Our paper contributes to the literature that studies the coexistence
of currencies in fulfilling the roles of money, and is closely related to papers that study
the use of foreign currency as a unit of account in debt contracts. Doepke and Schnei-
der (2017) study the general properties of the optimal unit of account in economies with
credit chains. Ize and Levy-Yeyati (2003) and Rappoport (2009) study models to charac-
terize equilibrium levels of financial dollarization. Other papers study the role of cur-
rency denomination of debt in models with financial frictions (see Caballero and Krish-
namurthy (2003), Schneider and Tornell (2004) and Bocola and Lorenzoni (2017)).? These
papers stress the use of both currencies in debt contracts given their differential hedging
properties associated with exchange rate fluctuations. We contribute to this literature by
developing a general equilibrium theory of the joint determination of currency choice in
private contracts and government monetary policy that stresses the role of policy risk in
the use of local currency as unit of account.

Other strands of literature have focused on the use of currencies for other purposes.
Matsuyama et al. (1993) and Uribe (1997) study the use of a foreign currency as a means of
payment. Other papers study the implications of full dollarization (for example, Alesina
and Barro (2002), Gale and Vives (2002) and Arellano and Heathcote (2010)) or currency
areas (for example,Neumeyer (1998), Chari et al. (2015), Aguiar et al. (2015)). A large lit-
erature has studied the effects of the currency denomination of prices. Some examples
include Engel (2006), Gopinath et al. (2010) and Gopinath (2015) in the case of interna-

20ther papers study the optimal choice of currency for corporate debt (see, for example, Aguiar (2005)
and Salomao and Varela (2017)) and sovereign debt (see, for example, Ottonello and Perez (2016)).
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tional prices and Drenik and Perez (2017) in domestic prices.

Finally, our paper contributes to a growing literature on the global role of the dollar
(see, for example, Farhi and Maggiori (2017), Gopinath and Stein (2017), Chahrour and
Valchev (2017), and Maggiori et al. (2018)). We contribute to this literature by jointly
analyzing the use of the dollar both in domestic and international contracts.

The rest of the paper is organized as follows. Section 2 presents the model and char-
acterizes the equilibrium. Section 3 analyzes the constrained efficient allocation of the
economy. In the remaining sections we present extensions of our baseline model to an-
alyze hysteresis in the currency of contracts (section 4), contracts in international trade

(section 5) and defaultable contracts (section 6). We conclude in section 7.

2 Model

2.1 General Environment

There are two periods 1,2. The domestic economy is populated by two types of agents:
citizens and a government. Citizens are further divided into sellers and buyers, with a
unit measure of each.

Buyers have preferences over a special good produced by sellers. Buyers and sellers
also value the consumption of a numeraire good which takes place at the end of period 2.
Preferences for the representative seller are given by

us = —x +E[05¢cs] —EL(Ry),

where x is the special good produced by the seller, c; is the seller’s consumption of the
numeraire good, and 65 is a taste shock which measures the seller’s marginal utility of
consuming the numeraire good. We denote Ry as the price level in the economy, and 1 (R;)
captures inflation costs (we define these in detail below). Preferences for the representa-

tive buyer are given by
up = (1+A) x +E [0pcp,] —EL(Ry)

where 1 4 A is the valuation of the special good provided by a seller, cy, is the buyer’s
consumption of the numeraire good, and 0y, is the buyer’s taste shock. The parameter
A > 0 governs the gains of trading the special good between sellers and buyers. The
shocks 05 and 0, are independently drawn in period 2 from a distribution with bounded
support [6,0] and E [6;] =1 for i = s, b. The fact that 65 and 8y, are unknown in period 1
introduces uncertainty in the relative marginal utilities of the numeraire good and gives



rise to gains from making relative consumption state-contingent. A high (low) value of
Op relative to 65 makes consumption of buyers, relative to sellers, more (less) desirable.
As we will see, these taste shocks are a stilized way of generating value in having dis-
cretion in government policy. The differences in 65 and 0y can capture any reason for
why it is socially and privately desirable to shift resources between different agents in the
population.

The timing of the model is as follows:

1. In the first period sellers produce a special good for buyers in exchange for the

promise of payment in period 2.

2. In the second period rthe taste shocks 65 and 0y, are realized, the domestic govern-
ment it chooses its policy which is the aggregate price level, all signed contracts are

executed, and consumption of the numeraire good takes place.

Buyers and sellers are endowed with y > 0 units of the numeraire good, respectively.

Next, we formally define a contract and discuss its properties.

2.2 Bilateral Contracts

A contract between a buyer and a seller consists of a provision of the special good (from
the seller to the buyer) in exchange for the promise of future payment (from the buyer
to the seller). We impose three important assumptions on the contracting environment.
The first is that payments are non-contingent and in particular, cannot depend on the
realization of the state (05,6). The second is that payments cannot be made directly
in terms of the numeraire good. Instead, payments can only be made in two possible
“units of account”, which we will call currencies. One interpretation of this assumption
is that goods are observable but unverifiable, as is commonly assumed in the incomplete
contracts literature. We will denote the two possible currencies by 1 (local) and f (foreign).
A payment by in currency | yields biR; units of the domestic numeraire good in period
2, while a payment by in currency f yields b¢R¢ units of the domestic numeraire good
in period 2. In general, Ry and R are random variables from the perspective of private
agents that are unknown at the time of the contract being signed. The third assumption
is that we assume sufficiently high default costs so that contracts must be default-free. In
other words, actual payments must equal promised payments in all states of the world.
We relax this assumption in Section 6.

Formally, a bilateral contract signed in sub-period i is a the tuple (x, by, bs), where x
indicates the units of special good provided to the buyer and (by, b¢) are the units of local

and foreign currency promised to be paid to the seller at date 2, respectively. Contracts



must satisfy the following feasibility constraint
bR+ bsRs <y forall Ry, Ry (1)

where R C R? is the compact set of possible price realizations. This inequality states that
for all possible price realizations, the income of the buyer should not exceed the promised
repayment. This is equivalent to assuming that the consumption of the numeraire good
in period 2 is non-negative. Agents are exposed to risk from uncertainty about aggre-
gate prices. We adopt the notation convention that R is the price of a unit of currency
c in terms of the numeraire good of the domestic economy. Therefore, a low (high) R,
indicates a high (low) level of domestic inflation in currency c. Prices in local currency
Ry in this economy are endogenous and citizens take them as given. Prices in foreign
currency Ry in this economy are exogenous, stochastic with support support [Ry, R¢], and
independent from the other random variables. We associate the foreign currency with
stable currencies like the dollar or the euro, and interpret the risk in R¢ as real exchange
rate risk.?

Without loss of generality, we assume that in each bilateral meeting the buyer makes
a take-it-or-leave-it offer to the seller. The seller is willing to participate in the contract as
long as

—x + E [0 (bR + beRy)] = 0 2)

where we normalize the seller’s outside option to zero. The optimal contract for the buyer
solves

max (1+A)x — E [0y (bR + b¢R¢)] 3)
X,bl,bf

subject to (1), (2), and non-negativity constraints by, b¢ > 0.

2.3 Competitive Equilibrium given Government Policy

Local and foreign currency constitute two different units of account that have price risk
relative to the domestic numeraire good. The local currency is subject to endogenous
inflation risk associated with government policy. From the perspective of citizens, the
price level Ry is a random variable with cdf G (Ry) and support [R;, R]. In equilibrium,
the shape of G (R;), and the bounds of the support, R; and Ry, are endogenous and depend
on the choices of the government.

3In Appendix B.1 we show how risk in R¢ can arise in a model with tradable and non-tradable goods
and shocks to the relative demand of these goods.



Given the problem defined in the previous section, we can now characterize the opti-
mal bilateral contract between a seller and buyer, taking the distribution of R; and Ry as

given.

Proposition 1. In the optimal bilateral contract, the amount of special good is given by x =
E [0 (biRy + b¢R¢)], while the payments satisfy

1. IfE (93(1—}—7\) Gb)—l <E (93(1+7\) eb) thenb1:0andbf:-

7:;.

7a|

2. IfE [(0s (14A) —0y) & = |(05(1+A) —0y) &

Ri then blzy% undbf: (1—‘}/):1:’—
foranyy € [0, 1].

3. IfE (05 (1+A) — eb)—f > E [(0(147) — 0p) then by = & and by =0.

|
7U|

All proofs are included in the Appendix. First notice that since preferences are linear
and A > 0, there are positive gains from trading as much of good x as possible. The limit
on how much x can be traded is given by the fact that buyers need to be able to pay for
that good in the following period. This implies that the feasibility constraint ((1)) will
always be binding. Additionally, the state for which this constraint will bind is the one
in which inflation in both currencies are at their lowest possible realizations (i.e., R; = R
and Ry = Ry). If we substitute the participation and feasibility constraint into the objective
and take derivatives with respect to b; we obtain

E |(0s(1+2A) — eb);] - E[(es(lw—eb)g—:

N N
-~ -~

Marginal benefit of local currency(M;) Marginal benefit of foreign currency(My)

The expression above represents the difference between the marginal benefit of setting
the contract in local currency (first term) and the marginal benefit of setting it in foreign
currency (second term). Since the objective is linear, these objects are constant and inde-
pendent of the choice of b;. The optimal contract calls for using the currency that has the
largest marginal benefit. When the marginal benefit is the same in both currencies, any
combination of local and foreign currency is optimal. Using the assumption that 65 and
0s have equal means we can rewrite the marginal benefit of currency c as

M. =A

E [R] Re
R +cov((65(1+7\) Ob), Rc) (4)

for ¢ = 1, f. The marginal benefit of each currency has two components: a price risk term

and a covariance term. The ratio e R denotes the price risk of denominating contracts

in currency c. A higher (lower) value of =< E represents a lower (higher) risk indexing

contracts in currency c. Note that it is the max1mal values of R, that determines price risk



due the assumption that payments must feasible in all states of the world. The second
term is the covariance of relative taste shocks and currency prices. The marginal benefit of
denominating in the foreign currency is exogenous and only given by the price risk term
since the covariance term is zero given our assumption of independence between Ry and

the shocks 0y, 65. Suppose first that 6y, 0, are deterministic. Then the optimal currency

choice is determined exclusively by comparing the price risk in both currencies, ERJ _

Ry
]Egif]. In this case choosing the currency with the lowest price risk maximizes the gains

from trade. In contrast suppose that the taste parameters are stochastic. Now the optimal

currency choice also depends on the covariance between prices in local currency and the
marginal utility (taste shocks). For example, if R; is high in states in which the seller
values consumption relatively more than the buyer (high 0, relative to 0y), denominating
in local currency will be more attractive. As we will see in the next section a benevolent
government will choose R; so that this covariance term is positive. Finally, note that the

optimal choice of x can be computed directly from the participation constraint (2).

2.4 Government

We consider a utilitarian government that controls monetary policy and chooses the price
level of the domestic economy R; in the second period to maximize the sum of the utili-
ties of buyers and sellers. As mentioned earlier private agents also suffer inflation losses
captured by 1 (R;). We assume that L (Ry) = 171’ (R1 — RT)2 where R denotes the price level
target for the government. R' is a random variable realized in period 2 and thus is stochas-
tic at the time at which contracts are signed. We assume that R has bounded support

;
m as policy risk. This

[RT, ﬁT] . Similar to our definitions of price risk, we will refer to
is meant to capture all other sources of uncertainty in monetary policy that are unrelated
to the economic developments in the domestic economy. The problem of the government
is given by
max [8,Cy + 0,C;] — 21 (Ri—R')
1

where
Cpo =y —RiBy —R¢Bs )

is the average consumption of the buyer, By, B¢ are the average levels of contracts denom-
inated in local and foreign currency respectively, and

Cs =y + RiBy + R¢Bs (6)
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is the average consumption of the seller.* Given the functional form for 1(-), the solution
to this problem is

1
RLZRTJrﬂ(es—eb)Bl (7)

The optimal choice of inflation redistributes resources between sellers and buyers in an
efficient way. When the buyers have a high marginal utility (relative to the sellers) the
government chooses a higher inflation (lower R;) to lower the burden of debt payments
by the buyer and redistribute resources from buyers to sellers. The opposite occurs when
the sellers have a high marginal utility relative to buyers. The level of redistribution
depends positively on the use of local currency in private contracts B;.

The government’s choices of inflation affects the marginal benefit of local currency
(M;) (defined in equation (4)) in the first period. On the one hand, the redistribution that
the government attains using monetary policy induces a positive covariance between rel-
ative marginal utilities and prices in local currency, thereby increasing the marginal ben-
efit of local currency. The higher the use of local currency By, the higher the endogenous
positive covariance for local currency. On the other hand, by reacting to taste shocks
the government also affects the price risk of local currency. Recall that we defined price

E[R,]

risk of local currency as the ratio = Given the optimal choice of R;, we have that

E[R] =E [RT] and the maximal value of Ry is given by

Rlzl‘zu% (6—0) By (8)

The higher the use of local currency By, the higher R; and the lower %‘i‘] (or the higher

the price risk of local currency). Throughout our baseline analysis we make the following

parametric assumption.

Assumption 1. Assume that
var (0)

_ >
(6-9)

As mentioned previously, introducing taste shocks are a simple way of generating
value for discretion in monetary policy. Thus the variance of these taste shocks captures
the importance of discretion. Assumption 1 ensures that the value of discretion is suffi-
ciently large. Denote M;(B1) as the marginal benefit of denominating in local currency

“In this economy the choice of monetary policy is governed by redistributiontal concerns. Another
relevant margin for the choice of inflation is the collection of seignoriage revenues to finance the provision
of public goods. We believe this type of consideration is also broadly captured by our setup since the
collection of seignioriage to finance public expenditure ultimately achieves redistribution, in this case from
taxpayers to the users of the public goods.
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(defined in equation (4)), once we substitute in the optimal choice of R; by the govern-
ment. Assumption 1 also guarantees that M;(B) is increasing in By. In particular, it
guarantees that the positive effect of higher By on the covariance more than offsets the ef-
fect of higher By on higher price risk of local currency. Therefore, under this assumption,
the benefit of denominating contracts in local currency is increasing in By, thus generating
complementarities in denomination choices.’

Given this we can now define a competitive equilibrium for this economy.

Definition 1. A competitive equilibrium is an allocation for private citizens (x, By, B¢)
and an inflation choice for the government R; such that, given R; the allocations solve

contracting problem defined in (3), and given By, Ry satisfies (7).

2.5 Equilibrium Characterization

We now provide a characterization of the set of competitive equilibria. The main objective
of this exercise is to understand how the set of equilibria changes as we vary the level of
policy risk @. As we will show, for low levels of risk, there is a unique equilibrium in
which all contracts are denominated in local currency. For intermediate levels of this risk
there are three equilibria: two in which all contracts are completely denominated in either
local or foreign currency and an interior equilibrium. Finally, for high enough levels of
policy risk there is a unique equilibrium in which all contracts are denominated in the
foreign currency.

To vary policy risk, we fix R and vary E [RT]. In particular, a higher value of E [R]
denotes a lower level of policy risk. The set of equilibria is characterized in the following
proposition.

Proposition 2. Suppose that Assumption 1 holds. Then, there exist thresholds py = %‘if] and

Wy < Wi such that:
E[RT]

1. If = >  there exists a unique equilibrium in which By = 2 where R* is the solution to

;
2. Ifup < ]EL—]?] < W there exist three equilibria with By = %,BL =0and B, € (O, ]—%)

;
3. If @ < Wy there exists a unique equilibrium in which By = 0.

>In Appendix B.2, we study the effect of relaxing this assumption.
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Figure 1: Characterization of Competitive Equilibrium

The thresholds p; and py depend on parameters and are defined in the appendix.
The figure below presents a graphical depiction of the set of equilibria. The blue line
is the competitive equilibrium for a given government policy and thus, for a given M;.
When M; > My private agents denominate in local currency and when M; < My they
denominate in foreign currency. The red lines depict the marginal benefit of local currency
as a function of By for different values of policy risk. All lines are increasing since our
assumption implies M;(B;) is increasing. To understand the role of policy risk in the
determination of equilibria it is useful to analyze how policy risk affects the marginal
benefit of local currency. Note that when there are no contracts in local currency, the
marginal benefit of local currency is given by policy risk, i.e.,, M(0) = )\IE]E—ET]. As we
increase policy risk (decrease the ratio) the marginal benefit of local currency decreases for
all possible values of B;. When policy risk is lower than the price risk of foreign currency
(case 1) the unique equilibrium only uses local currency, as shown at the intersection
of the red and blue solid lines. This is because even when no contracts are set in local
currency it is still worthwhile to denominate contracts in local currency if the price risk is
low enough. As more contracts are signed the attractiveness of local currency increases
as the government endogenously uses inflation to redistribute resources more effectively.

When the policy risk is intermediate (case 2) we have multiple equilibria. Multiplicity
arises due to the complementarities between the private and government actions. As
more contracts are set in local currency the government uses inflation to provide more
insurance through better redistribution. One of the equilibria involves full use of foreign
currency. If all private contracts are set in foreign currency, there are no incentives for
the government to use inflation in order to redistribute. Therefore the marginal benefit

of local currency is only given by policy risk which in this region is higher than the price
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risk of foreign currency. Another equilibrium involves full use of local currency. If all
private contracts are denominated in local currency the government is incentivized to
use inflation to redistribute efficiently, and this makes local currency more attractive than
foreign currency. Finally, there is a third interior equilibrium at which the level of B;
is such that the marginal benefit of local and foreign currency are equal. In the Figure
the three equilibria correspond to the three intersections of the blue and the middle red
dashed line.

When the policy risk is high enough (case 3) the unique equilibrium involves full use
of foreign currency. This equilibrium exists since the marginal benefit of local currency
is completely determined by policy risk when all contracts are set in foreign currency,
and policy risk is larger than price risk of foreign currency. The equilibrium is unique
since even if all contracts are set in local currency, the government’s use of inflation to
redistribute does not compensate for the high levels of policy risk. In the Figure, this case
corresponds to the intersection of the bottom dashed red line with the blue line.

This characterization helps rationalize observed variations in the use of foreign cur-
rency as a unit of account across countries. In particular, it offers a rationalization for why
countries with low levels of policy risk like the U.S., Europe, or Japan rely exclusively on
their local currency as a unit of account in domestic contracts. In contrast, countries with
high policy risk such as those in Latin America and Eastern Europe tend to partially or

fully rely on foreign currency as a unit of account.

3 Constrained Efficiency

We now consider the problem of a social planner who chooses allocations and contracts
subject to the same constraints as private agents, and the same choice of monetary policy

by the government in the second period. The utilitarian social planner solves
max E (—x—i— Cs+ (IT+A)x+ Cp—201 (Rl— RT>>

subject to the definitions of Cy, and Cs in (5) and (6) respectively, the participation con-
straint for the seller, (2), the feasibility constraint (1), and the best reposes of the govern-
ment (7), and (8). Note that we assumed that the participation constraint for the buyer is
slack and we will check that it is satisfied ex-post.

Analogously to the competitive equilibrium, we can characterize the solution to the
planner’s problem given different values of policy risk.

Proposition 3. Suppose that Assumption 1 holds. Then, there exists a threshold pP with py <
wP <
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;
1. If % > wP the solution to the Social Planner’s problem is B)? = 2

;
2. If @ < P the solution to the Social Planner’s problem is BY = 0

This result illustrates that an interior equilibrium can never be efficient. In particular,
for policy risk in (ugp, 1), the full local currency equilibrium dominates the interior and
full foreign currency equilibrium while for policy risk in (u2, Wsp) the full foreign currency
dominates the other two equilibria. In contrast, if policy risk is either very low or very
high, the unique competitive equilibrium (full local in the former, full foreign in the latter)
is constrained efficient.

The proof follows from the observation that Assumption 1 implies that the Social Plan-
ner’s problem is strictly convex. As a result computing the solution of this problem in-
volves comparing end points. The relative value of the end-points depends on whether
policy risk is high or low. Intuitively, low policy risk increases the value of the full local
currency equilibrium relative to the full foreign currency one while high policy risk does
the opposite.

The combination of the equilibrium characterization and the above result helps ratio-
nalize some of the policies described in the introduction. Consider a country with very
low policy risk. The model predicts that contracts signed within the country will be de-
nominated in local currency and it is efficient to do so. For slightly higher levels of policy
risk, equilibria in which contracts are denominated in foreign currency exist but these
are inefficient. Optimal policy would prescribe limits on how much contracts should be
denominated in the foreign currency. This might help explain the prevalence of policies
in a variety of Latin American countries, including Brazil, Colombia and Peru, that call
for forced de-dollarization of contracts.® In contrast, for high enough levels of policy risk,
optimal policy would encourage and incentivize the use of foreign currency. Examples of
these types of policies are the forced dollarization adopted by Ecuador in the year 2000.

It is worth comparing the relative sizes of the intervals (usp, 1) and (pp, psp). Given
the definitions of these thresholds, it is easy to show that psp — 1y > Hp — pep. This implies
that within the range of policy risk for which the economy is susceptible to multiple equi-
libria, the full use of local currency is the efficient outcome for a wider part of that range of
policy risk. This asymmetry is due to the presence of the complementarities between ac-
tions of private agents and the government, through which a larger use of local currency
in private contracts incentivizes the government to use inflation to redistribute resources
efficiently and thus, makes local currency more attractive as a unit of account. Moreover,
the relative size of these intervals is increasing in the variance of 6. This suggests that

®In the case of Brazil and Colombia there are restrictions to denominating bank deposits or loans in
foreign currency. In the case of Peru, the restrictions are less severe. While bank deposits and loans can be
denominated in foreign currency, the government prohibits retail price setting in foreign currency.
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if there is a large need for discretion in monetary policy, for a large range of policy risk,
optimal policy would prescribe a move away from foreign currency. As discussed earlier,

such policies have been enacted in large number of countries.

4 Hysteresis

As discussed in the introduction, a distinctive feature among many Latin American coun-
tries is the hysteresis of dollarization even after inflation risk stabilized. The model pre-
sented above suggests that the set of equilibria can change dramatically for small changes
in policy risk around the threshold which might seem to be at odds with this observa-
tion. However, the above analysis ignores the fact that citizens might be part of credit
chains and thus might also have endowments of obligations in both currencies. Here, we
present a simple extension in which the buyer is endowed with claims (bs, b;) payable to
the buyer in the second period. In Appendix B.3, we present a model of a credit chain in
which these endowments arise endogenously a consequence of trading within the chain.
The optimal contract solves

Ibn%X (1+A)x—IEBy (Rl (b1 — 61) + R¢ (bf — Bf))
LUt

subject to (2) and the feasibility constraint
Ry (b —b1) + R (br —br) <y, ¥ (Ry, Ry)

Assumption 2. Assume that

1 — E [R¢] — (B[R]
ﬂ<var(9)—(8—ﬂ) B:)%<RT( f—l).

This assumption requires an upper bound on the variance of 6. Note that this bound
contains a free parameter R, and which can be made arbitrarily small in order to satisfy
this and Assumption 1.

Proposition 4. Under Assumption 2, by > by and by > by.

The proposition says that even if policy risk is small, the optimal contract will still use
a combination of foreign and local currency to denominate contracts. In particular, the
optimal contract will feature currency matching of stocks but the flows will denominated
in the currency with the largest marginal benefit. To illustrate this result, suppose that
var () = 0. Then, we know from earlier that the optimal currency choice only involves

comparing price risk. Notice that with existing obligations, the price level that makes the
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teasibility constraint bind will now depend on when b; < b; or not. In the former, the
relevant price is R; while in the latter it is R;. The difference in price risk is

where R; € {Bi, Ri}. Suppose that by < b¢. Then the difference in price risk is

E
_[Rl] _E[R4 <0
Ry Ry

which implies that by < bs can never be part of an equilibrium contract. A similar argu-
ment holds for the local currency. This suggests that currency mismatch is costly and
tightens the feasibility constraint. As a result, the optimal contract currency matches
stocks and prices the flows in the currency with the largest marginal benefit. The argu-
ment in the appendix shows that the above argument generalizes as long as the variance
of 0 is not too large. If the variance is very large then it might be optimal to cannibalize
the stocks of foreign currency.

This analysis can shed light on the observed de-dollarization process of several Latin
American countries. These countries experienced high levels of policy risk (measured
for example, by average levels of inflation and inflation volatility) and high levels of dol-
larization of private contracts during the 1990s. In early 2000s policy risk significantly
subsided, yet the levels of dollarization of credit and deposits only decreased mildly. Our
model would predict this behavior since it is optimal to currency-match previously accu-
mulated contracts when these are used to back newly issued debt.

5 Contracts in International Trade

One of the facts mentioned in the introduction is that there is extensive use of the dollar
as a unit of account in international trade contracts. Perhaps surprisingly, trade involving
countries with seemingly low political risk are often denominated in dollars. For exam-
ple, Japan and Korea have low levels of inflation volatility and domestic dollarization,
and yet have a significant fraction of trade contracts denominated in dollars. In this sec-
tion, we study an extension of our baseline model that allows for international trade to
help understand this. We incorporate international trade in our model by studying an
economy in which agents from one country trade with agents from another country and
contracts are set in any of the currencies of the involved countries or in a third, external
currency. Our main result in this section shows that contracting with parties located in
different countries, as opposed to signing contracts with domestic counter-parties, makes
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the use of a third, external currency, more likely.

There are two countries, denoted i and j, which are symmetric. In each country there
is a continuum of buyers and sellers of equal size. A contract between a buyer and a
seller consists of a provision of the special good in exchange for the promise of future
payment. The first difference with the baseline model is that buyers in one country trade
with sellers in the other country. The second difference is that we allow contracts to be
set in three possible “units of account”: currencies from country i and j, and the foreign
currency f. The price levels of currencies i and j (denoted by R; and R;) are chosen by the
governments of each country, whereas the price of foreign currency is exogenous.

Denote x; to be the amount of special good provided by a seller from country j to
a buyer of country i/, and b, to be the promised payment of buyer from country i in
currency c. The optimal private contract between a buyer of country i and a seller of
country j solves

max (14+A)x; —E6;, (Ribﬁ + ijij + beif)

xq,b1120,b1;20,b;i >0

subject to the participation constraint
—xi + E8js (Ribii + Rjbyj + Rebir) > 0,
and the feasibility constraint
Ribii + Rjbyj + Rebir <y, 9)

where 0y, and 0j; denote the taste shocks of the buyer from country i and the seller from
country j, respectively. The solution to this problem is characterized in Lemma 1 in the
appendix and is similar to Proposition (1). Taking prices as given, agents write contracts
using the currency that has the largest marginal benefit, allowing for combinations of two
or three currencies whenever the buyer is indifferent.

Next, we revisit the government’s problem. There are two utilitarian governments that
control monetary policy and choose the price level of the local currencies in economies i

ER]]  E[R]]

and j. We assume that both countries have the same level of policy risk, =
i j

Denote B to be the aggregate promised payments in currency c of buyers of country i to

sellers of country j. The problem of the government in country 1i is given by

max 85, Cip + 015 Cis] — 21 (R —R[),

1

"Note that we have suppressed the dependency on j since knowing that the buyer is i implies that the
seller is j
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where
Cib =y — RiBit — RjByj — R¢Bis (10)

Cis=y—+ RiBji + RijJ’ + Rfij

Given our functional form assumption for the inflation loss function, the solution to the

problem of the government in country 1i is

Ri =R!

=Rt 3y (615Bji — 61 Bii) , (11)

and the largest feasible price level the government can implement is

- - 1 -

Ri =Rl + 2 (6Bji — 6Bsi) -
The problem of the government in country j is symmetric. We restrict attention to sym-
metric equilibria in which all international trade contracts are set in the same currency, i.e.
Bjc = Bic = B, for all c. Note that we only restrict attention to symmetry within interna-
tional contracts and not necessarily across governments’ inflation choices. In Appendix

B.4, we relax this assumption and also consider asymmetric equilibria.

Definition 2. A symmetric competitive equilibrium is an allocation for private citizens
(x, B, B;, Bf) and an inflation choice for governments R; and R; such that, given R; and R;,
the allocations solve contracting problem defined in (9), and given By, and B, Ry, and Rg
satisfy (11).

In the following proposition we argue that the use of the external currency is more
likely in the economy with international contracts than in the baseline economy with
domestic contracts. Recall that p; is the threshold defined in the previous section such
that if political risk is below 1, then there is unique equilibrium in which only the foreign

currency is used as a unit of account.

Proposition 5. Suppose that Assumption 1 holds. Then, there exists a threshold y) such that,
cER]_ER]
if R R
Furthermore, u% > Up.

< b there exists a unique symmetric equilibrium in which By = Bj = 0.

The threshold 1} depends on parameters and is defined in the appendix. As in the
baseline model, there exists a threshold p} such that if policy risk in country i and j is
larger than this threshold, the unique equilibrium displays the use of the foreign currency
as the sole unit of account. However, the most important result of this proposition is that
ué > W, that is, the threshold obtained in the three country model is larger than the one
found in the baseline model. This implies that for levels of policy risk such that p} >
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%ﬁﬂ = ]EL—]?T > o, there exists a unique foreign currency equilibrium in the model with
international trade while there can exist equilibria with local currency in the model with
only domestic contracts. This result suggests that we are more likely to see international
trade contracts denominated in the foreign currency than domestic contracts.

The reason for this result is that in the case of international contracts, each government
finds it optimal to use inflation to respond only to taste shocks of their own citizens and
not those of the other country. That is, governments do not react to taste shocks of foreign
buyers or sellers, and this implies that the covariance term in equation (4) is lower for a
given aggregate exposure to the local currency. This in turn, lowers the marginal benefit
of using local currencies of either country and makes the foreign external currency more
attractive for private contracts.

While the proposition focuses on symmetric equilibria, in Appendix B.4 we argue
that the uniqueness result generalizes for to all equilibria under a stronger parametric

assumption.

6 Strategic Default

One assumption that we have maintained throughout is that private contracts are incom-
plete with respect to political and taste shocks. In particular, the only form of insurance
against taste shocks comes in the form of ex-post government redistribution. Here we
partially relax this assumption by allowing the buyer to default on its obligations in pe-
riod 2. That default can allow for state contingency in the presence of incomplete markets
is well known from the sovereign default, and bankruptcy literatures.

We now modify our baseline environment in two ways. First, we allow the buyer
to fully default on its contract in period 2 after its taste shock is realized. If the buyer

defaults, the seller receives nothing and the buyer’s utility is
Oby — X (Rebr 4+ Riby)

where X (R¢bs 4 Ryby) is the utility cost of default which depends on the level of defaulted
debt. In particular this implies that a buyer who defaults on a larger stock of debt suffers
a higher cost. One interpretation of this cost is that if there is exclusion after default, the
exclusion time depends positively on the level of defaulted debt. See Kirpalani (2016) who
shows the optimality of such punishments in a model with endowment risk, and Cruces
and Trebesch (2013) who document in the sovereign default data that higher haircuts are
associated with longer periods of exclusion.
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This assumption implies that the buyer will default if
Op > X

This implies that the buyer defaults when it has a high marginal utility of consumption.
Therefore, the ability to default allows for partial insurance against taste shocks. This
simple cutoff rule allows for a clean characterization of equilibria. We assume that 8 <
x < 0. Notice that if x = 0, the model collapses to our baseline model.

In this case the optimal contract solves

max (1+A)x—IE[0p [y — (Rebs +Riby)] [ Oy < XIF (0 < X)
/91

+E[6py — X (Rebr + Riby) | 8y > x] [1 = F (0p < x)]
subject to the participation constraint of the seller,
—x+E[6s (Rebr + Ribi) b [ 6, < xIF(6p <x) 20

and the feasibility constraint (1). The solution to this problem is similar to the baseline
and is given in Lemma 2. The trade-offs are the same as in the baseline model, since the
problem remains linear in debt choices. The difference is that with default, the covariance
term associated with the marginal beneft is conditional on the states in which there is
repayment. In addition the price level also affects the utilty after default.

The problem for the government is given by

(Ri—R1)’

max [(6y [y — RiBU + 85 (y + RiB1)) Tg, <y + (Opy — XRiByL+ 05y) Ig, sy | —2- 5
1

Suppose 0y < x. In this case there is repayment and the optimal choice of R; is

1
= T _ —

Suppose 0y, > X. Then the choice of Ry is given by

X
Ry =R — 2B
! 21])1

Since the default cost depends on the defaulted debt, the optimal price level will be chosen
to mitigate these default costs. As in the baseline environment, define R* to be the solution
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to

- 1 -
f Rt — (F—0) L
R* =R +21b(e Q)R*.

The definition of competitive equilibrium is identical to the baseline model.

Recall that in our baseline model there exists a threshold u, such that for E%—ET] < U
there is a unique equilibrium in which only the foreign currency is used a unit of ac-
count. Similarly, in the model with strategic default we can define an equivalent thresh-
hold p; (x) which coincides with original threshold if x = 6 (no default). The exact form
of the threshold is stated in the appendix. To illustrate how strategic default affects cur-
rency choice, we focus on how the threshold p; (x) changes around x = 6. In particular
we show that as x decreases, the range of policy risk for which we have a unique foreign

currency equilibrium decreases.

Proposition 6. Suppose that Assumption 1 holds. Then, there exists a threshold y (x) such if
f
% < W2 (X), there exists a unique equilibrium in which By = 0. Furthermore, limxTé W (x) >

0.

This proposition says that in a neighbourhood around x = 6, the introduction of
default makes the use of local currency more attractive. As in the baseline model the
marginal benefit of choosing a particular currency depends on its price risk and its co-
variance of its price with relative marginal utilities. We show that the relative price risk
of local and foreign currency is independent of x while the covariance term associated
with local currency is increasing in x. The reason for this is that default eliminates the
states of the world (high values of 0y) in which providing insurance is very costly for the
government (since it requires larger deviations from the target). Therefore, the introduc-
tion of default reduces the average inflation cost conditional on no-default thus allowing
for greater insurance. However, there is a countervailing force since the set of states in
which insurance is provided also decreases. We show that for x close to 9, the first effect
dominates.

7 Conclusion

This paper develops a framework to study the optimal choice of currency in the denom-
ination of private credit contracts in general equilibrium. A key feature of the studied
economy is a source of complementarities between the actions of private agents and
those of the government. When more private contracts are denominated in local currency,
the government has more incentives to use inflation to redistribute resources efficiently
within the economy which, in turn, makes local currency even more attractive as a unit

of account for private contracts. We argue that the degree of policy risk determines the
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type of equilibria that emerge. For low policy risk, the unique equilibrium only uses local
currency, whereas for high levels of policy risk, the unique equilibrium only uses foreign
currency. For intermediate levels of policy risk both equilibria co-exist with an additional
interior equilibrium. Our constrained efficiency analysis argues that, for the majority of
the parameter space in which the economy is vulnerable to multiple equilibria, the effi-
cient outcome involves exclusive use of local currency. This result can help rationalize
various policy initiatives aimed at de-dollarizing domestic economies. We also use our
model to shed light on the observed hysteresis in the dollarization of contracts, and also to

analyze the case of international debt contracts, in which dollars are even more prevalent.

References

AGUIAR, M. (2005): “Investment, devaluation, and foreign currency exposure: The case
of Mexico,” Journal of Development Economics, 78,95 —113. 5

AGUIAR, M., M. AMADOR, E. FARHI, AND G. GOPINATH (2015): “Coordination and
Crisis in Monetary Unions,” The Quarterly Journal of Economics, 130, 1727-1779. 5

ALESINA, A. AND R. J. BARRO (2002): “Currency Unions,” The Quarterly Journal of Eco-
nomics, 117, 409-436. 5

ARELLANO, C. AND J. HEATHCOTE (2010): “Dollarization and financial integration,”
Journal of Economic Theory, 145, 944-973. 5

BocoLA, L. AND G. LORENZONTI (2017): “Financial crises and lending of last resort in
open economies,” Tech. rep., National Bureau of Economic Research. 5

CABALLERO, R. J. AND A. KRISHNAMURTHY (2003): “Excessive Dollar Debt: Financial
Development and Underinsurance,” The Journal of Finance, 58, 867-893. 5

CHAHROUR, R. AND R. VALCHEV (2017): “International medium of exchange: Privilege

and duty,” Tech. rep., Boston College Department of Economics. 6

CHARI, V. V., A. Dovis, AND P. J. KEHOE (2015): “Rethinking Optimal Currency Areas,”

Manuscript, University of Minnesota. 5

CRUCES, J. J. AND C. TREBESCH (2013): “Sovereign Defaults: The Price of Haircuts,”

American Economic Journal: Macroeconomics, 5, 85-117. 20

DOEPKE, M. AND M. SCHNEIDER (2017): “Money as a Unit of Account,” Econometrica, 85,
1537-1574. 5

23



DRENIK, A. AND D. J. PEREZ (2017): “Pricing in Multiple Currencies in Domestic Mar-
kets,” Tech. rep. 6

ENGEL, C. (2006): “Equivalence Results for Optimal Pass-through, Optimal Indexing to
Exchange Rates, and Optimal Choice of Currency for Export Pricing,” Journal of the
European Economic Association, 4, 1249-1260. 5

FARHI, E. AND M. MAGGIORI (2017): “A model of the international monetary system,”
The Quarterly Journal of Economics, 133, 295-355. 6

GALE, D. AND X. VIVES (2002): “Dollarization, Bailouts, and the Stability of the Banking
System,” The Quarterly Journal of Economics, 117, 467-502. 5

GOPINATH, G. (2015): “The international price system,” Tech. rep., National Bureau of

Economic Research. 4, 5

GOPINATH, G., O. ITSKHOKI, AND R. RIGOBON (2010): “Currency Choice and Exchange
Rate Pass-Through,” American Economic Review, 100, 304-36. 5

GOPINATH, G. AND J. C. STEIN (2017): “Banking, Trade, and the Making of a Dominant

Currency,” . 6

IzE, A. AND E. LEVY-YEYATI (2003): “Financial dollarization,” Journal of International Eco-
nomics, 59, 323-347. 5

KIRPALANI, R. (2016): “Endogenously Incomplete Markets with Equilibrium Default,” .
20

LEVY-YEYATI, E. (2006): “Financial dollarization: evaluating the consequences,” economic
Policy, 21, 62-118. 49

MAGGIORI, M., B. NEIMAN, AND J. SCHREGER (2018): “International currencies and
capital allocation,” Tech. rep., National Bureau of Economic Research. 6

MATSUYAMA, K., N. KIYOTAKI, AND A. MATSUI (1993): “Toward a theory of interna-
tional currency,” The Review of Economic Studies, 60, 283-307. 5

NEUMEYER, P. A. (1998): “Currencies and the allocation of risk: The welfare effects of a

monetary union,” American Economic Review, 246-259. 5

OTTONELLO, P. AND D. PEREZ (2016): “The currency composition of sovereign debt,” in
2016 meeting papers, Society for Economic Dynamics. 5

RAPPOPORT, V. (2009): “Persistence of dollarization after price stabilization,” Journal of
Monetary Economics, 56, 979-989. 5

24



SALOMAO, J. AND L. VARELA (2017): “Exchange Rate Exposure and Firm Dynamics,”
Tech. rep. 5

SCHNEIDER, M. AND A. TORNELL (2004): “Balance Sheet Effects, Bailout Guarantees and
Financial Crises,” The Review of Economic Studies, 71, 883-913. 5

URIBE, M. (1997): “Hysteresis in a simple model of currency substitution,” Journal of
Monetary Economics, 40, 185-202. 5

A  Omitted Proofs

Proof of Proposition 1

First note that the participation constraint of problem (3) is binding in the optimum. To
see this, suppose it is not binding, then increasing infinitesimally x and leaving all re-
maining variables unchanged is feasible and has associated a strictly higher objective
function. This implies that at the optimum the participation constraint is binding. Solv-
ing for x using the participation constraint yields the first result of the proposition. Once
we substitute the optimal value of x in the problem we obtain the following re-formulated
problem:
max_ E[((1+A)0s —0p) (Riby + Reby)]

b1>0,be>0

subject to the feasibility constraint
Riby + Ribs < y.

Solving for by using the feasibility constraint and substituting in the objective problem

yields the following problem:

max [E [((1—1—7\) 0s — 0y) <Rlb1+ % (y _Elbl))l
f

b e |:0,%l:|
The objective is linear in b; and the slope is E [(65 (14+A)—0y) (Rl — %—:E)]. Therefore,

the solution is by = _Ey_ when the slope is positive, b; = 0 when the slope is negative and
2

any by € [O, %} when the slope is zero. Q.E.D.
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Proof of Proposition 2

The following definitions will be useful for this proof. Define,

H(B)=(1+A) Mz (B) — My (B)

where
My (B) = E [es (RL(B) - E—:RL(B))}
i (E[RT]  EI[R 1 E [Ry]
:R( T E:)-I—ﬁ(var(e)— Rff (6—9))]31
and

M, (B) = E [eb (RL(B) —E—:RI(B)H

T
_ 5t (]E [R] B ]E_[Rf]> 1 (Var(6)+ ]E_[Rf] (5_9)) By

R Ry | 20
where we have used the best response of the government

1
R (B) =R+ — (8, — 65) By

2y
- _ EI[R{
Y= R Y
It will also be useful to compute
/ . _L E [Rf] A
M] (B) = 20 (Var(e) + R, (6—9)

and

M3 (8) = 5 (var (o)~ 52 @-9))

Notice that the function J( (B) is useful for characterizing the set of equilibria in this
model. There are three types of equilibria that can exist. First, an equilibrium with By = 0
exists iff H{ (B) < 0. Next, an equilibrium in which B¢ = 0 can exist iff I (%) > 0, where
¢ corresponds to the maximal feasible value of By and R{ solves

- _ 1 -
Ri =R +—2¢(e G)Ri‘
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or

W+¢RT (0-0)

>|<

Finally, an interior equilibrium exists iff there exists some B; (0, R*> such that H (By) =

0.
E[RT]
R

Define puy = N 0, then there is a unique equilib-

E[R¢
Rf

rium in which B; = & .We need to show that 3 (%’; > 0. Notice that under Assumption
1

1, M3 (B) > 0. Therefore, for any B.

var (0)

H(B) > Mz (B) =My (B) = "

>0

and in particular, 3 (%) > 0. Moreover, given our characterization of equilibria above,
1
this also implies that we have a unique equilibrium.
Next, define

. E[RT . P
Notice that pup < p;. We show that for % € (Mg, p1l, there exist three equilibria. First, we
show an equilibrium exists in which By = 0. We know from above that for this equilibrium
to exist it must be that H{ (0) < 0. Using the expressions, we derived earlier

E [RT] ERy
Rf Ry

H (0) = ART <0

which is implied by our assumption. Next, we want to show that there exists an interior
equilibrium, i.e. there exists a B such that 7 (B) = 0 or

(1+A) =

Using our definitions, we have
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We know this is equal to 1 at B = 0. Lets consider the slope which has the sign

M; (B) Mj (B) — My (B) M5 (B)

_. (E[RT] EI[R{ 1 _ER{ 4 1 E [R¢] =
[ (SR 2 oo 5 00 (5 o B
B

T
Rf <]E [R } — ]E_[Rf]> 1 <Var(9) + ]E_[Rf] (6—@)) 1] i (Var(e) — ]E_[Rf] (5—

Rf R¢ 211) R¢ 2y R¢
f
——t (B EE) dvario

Therefore, since the ratio equals one at B; = 0 and in strictly increasing, there is a unique

solution at some B*. B* solves

B* =

2pART (]E]ng]— L ]>
((2+A)var(6) ]% }(9 6))

For this to be strictly interior a necessary and sufficient condition is

B* < %
or
21|)7\RT( = —]EL—]?T]) y
((2+)\)var(9) —A]E]Qi” (é_g)> R
or
o (BB (w05 )
or E [RT]
T > W2

Finally, given the monotonicity of the ratio %, it follows that if there is an interior equi-
librium, there also must exist an equilibrium with full use of local currency, since it must
be that

which implies that H (—%) > 0.
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. E[RT . o .
Finally, assume that %] < Hp. Given the above analyses, it is straightforward to

see that in this case there is a unique equilibrium in which B; = 0. In particular, in this
interval, it must be that H (B) < 0. Q.E.D.

Proof of Proposition 3

Given that both the participation constraint and the feasibility constraint will bind, we

can write the planner’s problem is

R = R
H]IS?X (]E ([(1 +A) 05 — 0] ((Rl— R—:Rl) B, + R—:y)) —l—2y) — 21 (Rl —RT)

subject to (7), and (8). Given our previous definitions, it will be useful to define the plan-

ning problem as follows:
SP (B) = max [(1 +A) (M (B)B+7) — (M (B)B+17) +2y — 2WEL (Rl (B) — RT)}

where §j = %‘if}y subject to

Rl(B):Ruﬁ(es—eb)B

The first order condition is

SP' (B) = |(1+A) [Ma (B) + M} (B) B] — My (B) — M{ (B) B — 2$EL’ (R, (B) —R') R (B)|
=[(1+A)Mz(B) —M; (B) +A(B) Bl

where
A(B) = (1+A)Mj(B)—Mj (B) —E (65 — 0p) R{ (B)

Next, lets check the second order condition of the planner’s problem. First, we have

A’ (B) =h" (M2 (B)B+x) [M;(B)B+M; (B)] M5 (B)+h' (M;(B)B+x) M (B)
—~EM/{ (B)—E (65— 0,)R{ (B) =0
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which implies that

SP”(B) =(1+A)M; (B) —M] (B) +A(B
=2 (1+A) M} (B) —2M; (B) —E (65 — 0y) R{ (B)

=2 ((1+7\) ﬁ <var(9) — R, (@—Q)) +$ <Var(9) + R, (5—9))) —ivar(e)

1 E[R{] - 1 E[Rf - 1
(21]) (Var(e)— R, (9—Q))+ﬂ<var(9)+ R, (G—Q)))—Evar(e)

1
>—var (0)

¥

—

where the inequality in line 3 follows from Assumption 1. Therefore, the Planner’s prob-
lem is strictly convex which implies that computing the solution involves comparing end
points B; = 0 and By = .. Note that the maximal feasible level of By depends only on pa-

rameters and thus is identical across both the competitive equilibrium and the Planning

problem.
Define o ERJ 1 y ((1+7\)Var(e)_]E[Rf] (@_9))
TR T 20RRF A Re =
We have
SP(0) = A]E_[Rf]y +2y
f
and
i 2
Yy _ Yyy -\ Y\Y | - _o L
5P () = |10 (v () & +9) - (s (8)  +9) +2u-v (000 )]
[ ERY Y\ y y\ vy 1 y)?
i ““)MZ(%)%"W(%)%“‘)E(ﬂ(es‘eb)%]

Thus to compare the above two terms, we need to compute the sign of

e () & () 3 v (oo )

E [RT] E[R{] 1 y [(1+A) E[R¢] = st Y
< 7R >+ﬂ1‘zﬂ‘z*< v vl (e_g)) M

which immediately implies the result given threshold p*P. Lets now check that the partic-
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ipation constraint of the buyer is satisfied. The buyer’s payoff is

(14+A)x +y — E0 [RiBy + R¢By]
=y + E [(1 +A) Oy — es] [RlBl + Rfo]
>y + AE [Re] 2

R¢

>0

which implies that the participation constraint is satisfied. Finally, it is easy to see that
uP < uy and a simple computation implies that

1
HSP — Uy = m%var(e) >0

which proves that py < p*? < py. Q.E.D.

Proof of Proposition 4

As before, we can substitute the participation and feasibility constraint to write the con-
tracting problem as

Rf < Rf < A R
max (1+A) (]EE)S (<R1 — ~—le> (b1 — b1 + = y)) [Efy, ((Rl — ~—le> (bl — b[) + ,.,_fy)
by R¢ R¢ R¢

where R = {R, R} depending on whether b > b. The first order condition is
Ry~ Rf
(1+MNE {es (Rl— Tle)] —E {eb (Rl— Tle)] >0
Ry Ry

First, suppose that b; < by. Then the foc is
Rf+ 55 (s —0p) BL Ry Ri+ 55 (05— 0p)BL Ry
05 —E |6y — =
Rf Rt

Ri|(1T+A)E

RT R
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o E [RT] + s5var (0)Bi  E[Ry] E [RT] — ypvar (6) Bl E[Ry]
(1+A) R - R; o R B R¢
E [RT]  E[Rf] E [RT]  E[Rf
2“*“( RO R >‘< RO R
>0

so that b; < by can never be part of an equilibrium. Next, suppose that by < bs. Then the

o, RM+ 25 (0s—0u)BL R,
Rt (0-0)B R
] E [Rf] + Jvar (0) Bl [ [Ry] E [RT] — jpvar (6) Bl [Ry]
=R{ [ (1+A) — 1 /A - R - —t 1 /42 - R
I R +E(G_Q)Bl 2f R +E(G_Q)Bl =f

a E [Rf E [R E [RT E [R
=R [(1+A) | = A [_} — ]gf] ~|5— [_} _ éf]
I Ri+55(0-0)B & R+ (0—-08)B o
[ L var(0)B Lvar(0)B, |
T [P i L, R R
I R'+ 55 (6—8) By R+E(9—Q)Bl |

R ﬁvar (6) By [ ERd E [RT] ]
U \RT L @-0)B R R4+L(0-0)B
2P )bl 20 ¥)br/ ]

For the model to display hysteresis we need the expression above to be less than zero.

foc is

_' Rf+.1(0,—0,)B, R
R (1+7\)1E[65< 20 =t

~ - - —E
R+ L (6-0)B R

The sign of the expression above is equal to the sign of

t
1 <Var(9) —(6-19) —IE]LR‘C]) B—R' (E Rel _ ]EER }) <

2y Ry Ry R
1 _ E [R¢] —+ (E[Ry]
ﬂ(var(e)—(e—ﬂ) R, )BI_R ( R, _1)<0

where the last inequality follows from Assumption 2. Q.E.D.

Proof of Proposition 5
The proof of this proposition requires the following lemma.

Lemma 1. In the optimal bilateral contract, the amount of special good is given by

xi=E [ejs (Ribﬁ + ijij + beif):|
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Additionally, for any currency c, the optimal payments are given by bi. =ycg- withy. € [0,1],
2 =ijt Ve =1 andye =0 if

R Ry
E (9)'5 (I+A)— eib) (R_c)] < l?:l%),(flE [(ejs (1+A)— Gib) (R_k)]
Proof. We can use the same argument used in the baseline model to show that the
participation constraint of problem (9) is binding in the optimum. We then solve for x
using the participation constraint. Once we substitute x in the problem we obtain the

following re-formulated problem:

max E [((1 +A) jes — ieb) (Rubi + Rjib]‘ + Rfibf>:|

b;>0,b;>0,b>0

subject to the feasibility constraint
Riib; + Ejib)' + Rfibs < y.

This is a linear problem whose solution involves corners. We solve this by supposing
b, = 0 and then the problem is the same as (3), which we solve using proposition (1). We
do this for ¢ = 1i,j, f and then compare the objective function in each of the three cases.
Comparing the values yields the results stated in the proposition. Q.E.D.

Proof of Proposition 5. We restrict attention to symmetric equilibria in which Bj. = Bj. = B
for ¢ = 1,j, f. The proof of the proposition proceeds in two steps. First, we show the exis-
tence of an equilibrium with B; =0, B; = 0 and By = %. Second, we show its uniqueness.

In order for B; = 0, B; = 0 and By = % to be an equilibrium, the marginal value of
signing the contract in currency f has to be larger than the marginal values of doing it in

currency i and j:

E [(0js (1+A) — 63y ) Ry] - E [(6j5 (1+A) — 03 ) Ri]
R¢ Ri

(12)

and

E [(8j5 (1+A) —0p) Re] N E [(8j5 (1+A) —0p) Ry]
R¢ R; '

(13)

These conditions ensure that contracts between buyers from country i and sellers from

country j are set in currency f. We also need conditions for which contracts between buy-
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ers from country j and sellers from country i are set in currency f, but these are equivalent
to the previous ones given the symmetry across countries. After substituting in the gov-

ernments’ best responses and evaluating these expressions at B; = 0, B; = 0 and By = &

Ry’
. - : . E(R;) ]E<RI> IE<RT) . .
these optimality conditions simplify to p; = Rff > 7 = R‘T] . These are identical
g j

to the conditions obtained in the baseline model.

Now we show the conditions under which this equilibrium is unique in the set of
symmetric equilibria. For this to be a unique equilibrium, it must also be true that the
above inequalities hold for all prices R; consistent with B; & [0, %] . Note that imposing
symmetry in the currency choices of international contracts yields the following optimal

choice of inflation for the government of country i

|

(0is — Bip) B
Additionally, the minimum level of inflation (maximum level of R) is the same as in the
baseline economy: R; = R! + 2 (6 — 8) Bi. We obtain symmetric expressions for Rj. Re-

placing the government’s choice of inflation in inequality (12) yields

Rt Rl + 4 (0-0) B

or equivalently

L (ER] E [Ry] 1 (0) EI[R{ -
K LT]_ R *ﬁ(varx - (G‘Q)>Bi<0'

1

To check if this inequality holds for all B; we need to sign the expression (Va;\(e) — ]E[]if] (6— Q)) :

e[ ﬁ

If it is negative then we know this holds for all B; since —— <

R
need to establish that

E[R¢]

= If it is positive, we

ER| pry 1 (var(e)_lE[Rf](é_eOl

- < —=— — = =
R] R Rl2p \ A Ry
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Replacing the government’s choice of inflation in inequality (13) yields

E[(0 (140 —0w)R] E [ (03 (14-A) = 04) (R] + 54 (65— 030) B ) |
Ry R].T + 2111) (6—9) B;

or equivalently

E |R!
Rl ( il ERf]) L1 <(1+Mvar(6)—]E_[Rf] (0 Q)) B; < 0.

20\ A R

As before, we need to sign the expression <(1 FApar(0) _ ]Egif] (6— Q)) . If it is negative

E[R¢]

E|R!
then we know this holds for all B; since {T ] < R—ff. If it is positive then we need

SR A R; R

Rl R Ri2y

ER] Egr) 1 ((1+>\)var(e) ]E[Rf](é_e)>y
)

Since both inequalities need to hold simultaneously the cutoff value of policy risk be-
low which the equilibrium with By, = 0, B = 0 and By = —1 is the unique symmetric

equilibrium is given by

A R;

Q.E.D.

Proof of Proposition 6

The proof requires the following lemma whose proof follows directly from the first order
conditions of the contracting problem. Define

- Ro_Re CE |y | R Re _
Q=E |[(1+2)0 — 0] [Rl Rf}|eb<x]F(e <x) IE{ {Rl Rf]|eb>x][1 F(6y < x)]
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Lemma 2. In the optimal bilateral contract, the amount of special good is given by
x =E 85 (biRi +bsRy) [ Oy < XIF (6 <)

while the payments satisfy
1. IfQ <0, then by = 0 and by = %
2. If Q =0 then by :y% and be = (1—7) —%foranyy € [0,1].
3. I]’Q>Othenb1:%andbf:0.

Proof of Proposition 6. First, from Lemma 2, we know that in order for an equilibrium
with By = 0 to exist it must be that

R R
E {[(1+7\) 05 — O] L—QT EJ | Op <X1 F(0p < x)
Rt R
_]E[X{ﬁ_ﬁ_j|9b>X}[1—F(9b<XH<O
or
E [Rf
(EM(14+A)0s—0p] |0y < XIF(0p < x)—Elx |0, >xI[1—F(Op <x)]) ]%}—IEE[RH <0
.f

Notice that if x = 0 then
(E[(14+A)0s—0u] |0y <xIF(0p <x)—Ex|0y >xI[1—-F(6p, <x)) =A

and thus by continuity it is positive for x close to 6. Therefore the expression is negative

e E[RT . ol .
iff % — IE%—RH < 0. To show that this equilibrium is unique we need to show that
f

E {[(1 £A) 0 — 0] [gt EES _%

Ry (By) R¢
_El{mwn_ﬁj'%>xhy”“%<xn<o

1|9b<X}F(9b<X)

for all values of 0 < By < g where R* is defined as earlier. We can substitute the policy

function for the government and rearrage the expression to obtain

]E [Rf] XZ

_ B,
SR~ T (6-8) ) + 55 1= Fa |

= — —
Rf R¢ pA

E [RT] E[Ry] 1K®m
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where
AX)=1+AN)—E[By |0y < xllFo(x) —x[1—Fg (x)

@ (x) = [(1+2) (var (0) +1—E 8y | 8 < x1) — (E [0y |0 <30 —E [03 8, < x| )]

Notice that as x — 0, the term in square brackets multiplying % converges to

24 ER{ -
X var (0) — R (6—9)

which is positive as a consequence of Assumption 1. Therefore, by continuity, for x close
to 9,

D (x) E [R¢] , - X
(FTFe00 = Fg (0-0) )+ 2 1-Fo ) >0

Next, we can define a threshold

ER{] 1 ch (x) E[Rf - > X Y
=R ——=(0-8) )+ [1—Fo ()| 3
2 (x) Re 20 [\Am ' (x) R, ( ) A o (x) SR
f
The previous argument establishes that for any ]E]g—ﬁ] < My (x), there exists a unique equi-

librium in which B{ = 0. Next, notice that

) — — [A () [® (x)fo () + @' () Fo (X)) — @ (X) Foa (A (x) 1y

H (x) = Ax)? 21 RTR*
N A ) [2x [ —=Fo ()] =x*fo ()] —A (I)X*0—-Fe (]| 1 y
A(x)? 2y RIR*
where
OFE [0y | 0y <
A0 = [1L4+0) ~ E 18y 1 < x1fo () = = S Xkq () — 11~ Fo )]+ xo (),
2
o' 6 = |14 (_auz[ebgeb <x]> B (alﬁ [eba|eb <x] OE [ebawb <x])]
X X X

and,

= )(X—E[9b|9b< 1),

= )[xz—lE[G%IGb<XH



Taking the limit as x 1 6 yields

I (A __ _
H2 (0) = A TN | wRiR

which establishes the desired result. Q.E.D.

B Additional Results and Extensions

B.1 TNT Model with Endogenous Real Exchange Rate Risk

This section shows that the presence of the exogenous risk of the price of foreign currency
%‘if] can arise in an extension of our model with tradable and non-tradable goods and
shocks to the relative demand of these goods in the domestic economy. Suppose the
numeraire good in our model is a composite of tradable and non-tradable goods, ¢ =
c%cll\f“, where ct (cn) is the domestic consumption of tradables (non-tradables), and « is
a stochastic parameter that captures shocks to the relative demand of these goods. The

equivalent good in the foreign country is given by ¢* = (c-*r)(x* (le—o@‘

. We assume
that oc* is deterministic. We also normalize the endowments yr = yn =y = yy, = v.
Consistent with our baseline model we denote the price of the local (foreign) currency
in terms of the domestic composite by Ry (Rf). Additionally we normalize the price of
the foreign currency in terms of the foreign composite good to 1. The exchange rate e is
defined as as the price of the local currency in terms of the foreign currency. Let pt denote
the price of the tradable goods in the domestic economy in terms of the local currency and
pT denote the price of the tradable goods in the foreign economy in terms of the foreign
currency.

Given the Cobb-Douglas structure, pt and p7 are given by

1—x %\ 1—o*
1 CN cN
= — — and p¥ = o | — .
T Rlo((CT) P (C-*r)

In this model, the law of one price for tradable goods holds. Market clearing in all goods

implies that the exchange rate e is given by

_pr_«1
P 'Ry
Therefore,
x

Rf:eRlz—*.
(04
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In this model we can generate fluctuations in the real exchange rate (the price of the
foreign currency in terms of the domestic composite good, R¢) by assuming a stochastic
process for «.

B.2 Relaxing Assumption 1

Recall that Assumption 1 ensures that the value of discretion in monetary policy is suf-
ficiently high. To understand what would happen if this were not true we consider the
extreme case in which there is no value to discretion, i.e. var (0) = 0. In this case we show
that there is a unique symmetric equilibrium in which either the local currency is exclu-
sively used or both currencies are used simultaneously. Next, we show that in general

this equilibrium is inefficient as it features too little use of the foreign currency.
Assumption 3. Assume that var (6) =0, Op > 05, and (1+A) 05 > 0y,

The next propositon shows that under this assumption there is a unique symmetric
competitive equilibrium.

[ f]

, there exists a unique equilib-

E[RT]

—¢7— there exists a unique equzlzbrmm with By > 0.

. . . ]E
rium in which By = 0. If%

Proof. The bilateral contracting and government’s problem is identical to baseline. In
particular, the policy functions for the government is given by (7) and (8). Suppose first

E[RT]

id > Z . Then, there exists an equilibrium in which By = 0. To see that this a

IE[RT]"'zw (95 eb)Bl N . .
Rt 5L (6, 09)B; is decreasing in B;. Next, suppose that

unique equilibrium notice that

ER; _ E[R] : ]E[RT]"‘zq) (65—6y)By
R <R Then it must be that B; > 0 and the fact that R 2L (6, 00)Br

in By implies that the equilibrium is unique. If By is interior then the unique equilibrium

is decreasing

is the solution to the following system of equations

1
R = RT+R( —0y) By

E[Rf] [EIR|

_ _ 1
— Pt = _
Ry =R +7-11’ (05 —06y) By

We can combine these equations to get




Therefore,

ER, E[R]
_ Re R
Ri=R|1+

To check that the solution is interior we need to check that B; < 3 or

Ry
t (ERd _ E[R] ER
R ( Re R < Y [1_ ]%ff}]
E[Ry] = f
1R e —8y)  Ri (1_$>

Otherwise the unique solution is By = %. Q.ED.
Next, we study the social planner’s problem. The planning problem is identical to the

baseline environment.

max E [[(1+A) 6, — 0y] (R{By + R¢By) — 21 <R1 _ RT)]
Bl/Bf

subject to (1), (7), and (8).

E[RT]
T,

Proposition 8. Suppose that Assumption 3 holds. If ]Egif] > the competitive equilibrium

;
is efficient and B;® = 0. If ]Egif] < @, and the solution the planning problem is interior, the

competitive equilibrium is inefficient and B;? < B€.
Proof. The first order condition of the planning problem is

E[R] E[R]

—_ RT

1 E [R¢] 1 2
+1—p(es—6b)81 {1— R, }>_ﬂ(95_6b) By

R¢] _ E[RT] :
R: < =% then if

E[R] - E[RT] E
If Rf 2 T/
the solution is interior it satisfies,

the expression above is negative and thus B* = 0. If

oo R R
LT E[R{] (0s—0p) \ 1
(2 [1 i [(1+)\)6536b]> 2 (05— Ov)
Therefore,
[E[R¢]
B_ip _ |:1 B Rff :| < 1
BSe (2 [1 JE[RH} _ (65—6y) )
Ry [(T-+A)85— 6]



since E R ® 0,)
0<1—— f . s — Ybp
R¢ [(1+A) 05 — O]

which follows from Assumption (3). Q.E.D.

The key implication of relaxing Assumption 1, is that in general, since there are no ben-
efits of discretion, the efficient allocation will always prescribe greater use of the foreign
currency. In contrast if Assumption 1 holds, then we show that private agents can un-
derestimate the covariance channel and thus we can have situations in which the efficient

allocations calls for greater use of local currency.

B.3 Model of a Credit Chain

We now present a simple credit chain model that endogenizes the stocks of foreign and
local currency in Section 4.

Suppose that citizens are further divided into one of I sub-types J € {1,2,..., I} with
continuum of each. A citizen of type i has preferences over a special good produced by
type i+ 1 and produces a special good valued by type i —1. All types also value the
consumption of the numeraire good which takes place at the end of period 2. Preferences
for the representative citizen type i are given by

Wi = (14+A) ixi41 — i—1%i + E [0ic]

where ixi; is the special good produced by a citizen of type i+ 1 for a citizen of type
iand ;_1x; is the special good produced by a citizen of type i for a citizen of type i — 1.
We assume that gx; = 1x1;1 = 0 so that type 1 does not produce a special good for any
other type and type I does not consume a special good. As in the baseline we assume that
0; € [0, 0] is independent across sub-types and that E [6;] = 1.

The timing of the model is as follows:

1. The first period t = 1 is divided into I — 1 sub-periods in which trade takes place
sequentially:

(a) Insub-period 1, citizens of type 2 produces a special good for citizens of type 1
in exchange for the promise of payment in period 2.

(b) Similarly, in sub-period 1, citizens of type i + 1 produce a special good for citi-
zens of type i in exchange for the promise of payment in period 2

2. The second period t = 2 is divided into three sub-periods:
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(a) Insub-period 1, the type of the domestic government is realized and it chooses
its policy which is the aggregate price level

(b) In sub-period 2, endowments for all citizens are realized

(c) In sub-period 3, all signed contracts are executed in the order in which they
were signed and finally, consumption of the composite good takes place.

Assume that all citizens are endowed with y units of the numeraire good. The definition
of a bilateral contract between i and i+ 1 is identical to Section 4. Note that in this contract
i+ 11is the seller and and i is the buyer. Given the structure of the credit chain, (by, b;) is
the promised payment to type i from types i —1.

We can then use Propositions 2 and 4 to characterize the bilateral contract.

Proposition 9. In the optimal bilateral contract, the amount of special good is given by x =
E [05 (b1Ry + b¢R¢)], while the payments satisfy

1. IfE (85 (14+A) — o) R <1E'(es(1+7\) eb)—f' then by = by and by = b+

7U|
bk

bk

2 IFE (05 (1+A) = 0y) | =B [(8 (1) — 00) §t] then by = by + v and be = b +
(1—%/)%foranyye [0,1]. ) )
f

3. IfE [(05 (1+A) —0p) B > [(0 (1+2) —0) | then by = by + & and by =

7U|
P

The result follows immediately from Propositions 2 and 4. In particular, the optimal
contract will feature currency matching of stocks and will denominate the flows in the
currency with the largest marginal benefit. As a corollary of this Proposition we can
compute the aggregate stock of local currency which will be needed for the government’s
problem. Let (By, Bi;) denote the aggregate stock of local and foreign currency obligations
in the contract signed between i 41 and 1.

Corollary 1. In equilibrium,

7g|

1IFE [(05 (14A) — ) ] < B [(0s (1+3) —0y) & &

} then By = 0 and By = i

(..
L

~

2 IFE[(05(1+2) —8) | = B [(6(14+2) —0y) 2| then By = X5y v; and B =
Z] 1(1 VJ) R,

=
Z

=
7u|

3. IFE (05 (1+ ) — eb)—l' > E [(es (142)—6y) R } then By, = i and By; = 0.

Next, the government’s problem is

1.1 (R _ Rt
max ] 0;Cil 11<R1 R)
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where
Ci =y — Ry (Bii — Biiz1) — R¢ (B — Byi—1)

The best response of the government is given by

I
1
R, =Rl — v E 0i (Bii — Bii—1)
i1

and so

I
_ — 1
Ri=R - max (E ; 0; (Byi — Bul))

Given this lets understand how the optimal contract changes in the credit chain. Recall
that the marginal benefit of denominating the contract signed between i and i+ 1 in cur-

rency lis
AERL L ov ((ei+1 (14+A)—0y), 5)
Ry Ry

Using the best response of the government the previous equation for the contract signed
between 1 and 2 can be written as

Rll <?\1E [Rq +cov ((07 (1+A) —81),R1)>

:Rll (ME R+ % (124 A) By — (14 A) Bya)) var (e))

Recall the expression for marginal benefit in the baseline model

2 (A [R1] + 5 (var )2 A1) B
since B = 0. On comparing the two we see that the term in parenthesis is smaller
in the environment with the credit chain. In particular the covariance term is smaller
owing to the fact that each government policy will respond less to individual shocks
within the chain. However the the term R; also changes and the direction of this change
is ambiguous. So it is hard to say anything generally about the set of equilibria.

For illustrative purposes suppose only sub-type one is endowed with y units of the
numeraire good while all other sub-types are endowed with zero units of the good. In
this case

_ _ 1 —
RLZRHE(G—@) (Byy)
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while in the baseline ,
— _-|- —
Ri=R +—(0—-0) (B
1 t5 7 (6—6) (Bu)

which implies that in the credit chain, the price risk of local currency is lower. Thus, we

have two competing effects. In particular, as I — oo, the marginal benefit converges to

' ()\IE [RT] + 1 ([Bul) var (9)) AE [Rf]
lim — =——
o0 Jf (e ) (Bi1) RJf

so the the optimal currency choice only involves comparing the price risk.

B.4 Model with International Trade Contracts: Generalized Result

This section shows that the result in Proposition 5 can be generalized to show uniqueness
among the entire set of equilibria, and not just symmetric equilibria, under the following

parametric assumption.

Assumption 4. Assume that
var(0) > A > (5—@) i

We can now prove a generalization of Proposition 5.

RI[  E[R!
Proposition 10. Under Assumption 4, there exists a threshold W} such that, if — [ 1] = {TJ]
1 R)’

Hz there exists a unique equilibrium in which By; = Bj; = By = Bj; = 0. Furthermore, u% > .

<

Proof. The proof is symmetric to that of Proposition 5. First, we show the existence of
an equilibrium with By; = Bj; = 0, Byj = Bj; = 0 and Bis = Bjr = %. Second, we show this
equilibrium is unique.

In order for the above allocation to be part of an equilibrium, the marginal value of
signing the contract in currency f has to be larger than the marginal values of doing it in
currency i and j:

E [(05 (140 — i) R] _ T [(85 (1+)) — 1) R "

and

(15)
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These conditions ensure that contracts between buyers from country i and sellers from
country j are set in currency f. We also need conditions for which contracts between
buyers from country j and sellers of country i are set in currency f, but these are iden-
tical to the ones in the proof of Proposition 5. After substituting in the governments’
best responses and evaluating these expressions at By; = Bj; = 0, Bj; = Bj; = 0 and
IE%R” > ]E<_RE> IE<_RT’T>. These

f Ri Rj

Bif = Bjs = %, these optimality conditions simplify to p; =
are identical to the conditions obtained in the baseline model.

Now we show the conditions under which this equilibrium is unique. For this to be
a unique equilibrium, it must also be true that the previous inequalities hold for prices
R; consistent with all possible Bj;, Bj; € [0, R*} The optimal choice of inflation for the

government of country iis given by

1

Ri:RI—Fﬂ(

0isBji — BivBii ) -

Additionally, the minimum level of inflation (maximum level of R) is the same as in the
baseline economy: Ri = RI + ﬁ (éBﬁ — QBﬁ). We obtain symmetric expressions for R;.

Replacing the government’s choice of inflation in inequality (14) yields

E[(0 (14N —0w)R] _F (055 (142) — B,

or equivalently

_ var (0)
RI — = — AR
t ]_Qir R¢ + YAV R¢ — + A

E [R!
[ 1} E [R¢] 1 ({1 _ E[R¢] é} B+ [1}3 [R¢]

— 1] iBi> <0 (16)
Similarly, replacing the government’s choice of inflation in inequality (15) yields

E [(6s (1+A) — 63y ) Ry] - E [(eis (1+2) —Op) (RT + 21p (055Bj — e)bBii))}
Rf R}L + Ltl) (GBU QB]))

45



or equivalently

C(ER] ERI) 1 (/0N E[Rf E R
Rj( LJ— ! +EK N var(0)+1— Rfe)Bij-i-( ng—l)Bj]}<O.

f f
(17)
Inequalities (16) and (17) should hold for any feasible B = {By;, Bij, Bji, Bj; } . Since
both inequalities are linear in B, it suffices to show that they hold for all combinations of
extremum values. The extreme values are computed by solving a non-linear equation for
the maximum values of R; and R;. We start with inequality (16). We first check the case
in which Bj; = 0 and By; = %. Here R} solves R}; = RI — ﬁ 0 E}%' We take the largest root

2
RI Rl 2
Ri+ (Ri) 38

of this equation which is given by R} = 5 . Substituting these values in (16)

yields the following inequality

E [R!
i f

Second we check the other case in which B;; = % and B;; = 0. Here R} is the largest root
2

RT+ (RI)ZJr%@y

that solves R}, = 1_21 + ﬁﬁﬁ%, which is given by Ry = — > . Substituting these
values in in (16) yields the following inequality
E [RH E [R¢] 1 E [R¢]
L [ +—[1— _fé}i<0. 19
1 ( ROOR [ R R )

Finally we also check the case in which both Bj;, Bi; are at their maximum values. In this
case Bj; = By = %,where R* is defined as in the baseline model. Substituting these values
in in (16) yields the following inequality

E |R!

v RI R¢ 20 A R¢

We follow a symmetric approach with inequality (17). We first check the case in which
Biyj =0 and Bj; = %. Substituting these values in (17) yields the following inequality

E |R!
RT( [ J] E[Rf]) 4L (we—1> J o, 1)

J R]T R¢ 29\ Ry R}
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Second we check the other case in which By; = % and Bj; = 0. Substituting these values
into (17) yields the following inequality

E [RT] E [R¢] 1 /(1
St i| EIR; 1 /(1+A) CERdZ\ y
R; ( R].T R, + 20 (—)\ var (0) +1 R 0 R; < 0. (22)

Finally we also check the case in which both Bj;, Bij are at their maximum values. In this
case Bj; = Byj = &, where R* is defined as in the baseline model. Substituting these values
in (17) yields the following inequality

E RT] E [Ry] 1 + IE [R
St j f (1+A) Rel /4 Y
R; ( _]-T R + o (—)\ var (0) — R (6 — 6) = < 0. (23)

Now we need to show that inequalities (18) - (23) are satisfied for values of policy

R E (R}
risk such that % = % < up. First note that (21) always holds since the second term

is negative. Adcllitionall}Jf, if (22) holds then (19) is also satisfied. Finally, if (23) holds
then (20) is also satisfied. This leaves us with (18), (22) and (23). It is worth noting that

N ER
R}, > R* > R{;. Also recall that M = % < W implies that
j

i

E |RI
Rl ( H JE_[Rf]> L1 <Mvar(e)_]E_[Rf] (é—g)) Yo (4

J R Ry 2y A R¢

E(RI|  E[R!
It then follows that % = % < My (or equivalently if (24) holds) then (23) is satisfied.

Additionally, note that if we u]se the assumption that var(0) > A then (24) implies (22).
Finally, we show that (24) implies (18). To show this we must have that

5 1 512 l (2+7\) _E[Rf] a
(RLﬂ/RI Zwﬂy)( S—var (6) R, (6 Q))>

- - 1 — 0) —A E (R
<RiT—|—\/RiT2+2$ (G—Q)y) (var(}\) +0 éff)).
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This can be rewritten as

(ﬁiT + R_iTz — 2%@1}) (24A)— <]€1T + \/EJZ + 2% (é —Q) y)]
(ET 4/ R — 2%@9) (6—-9)

+ (RJ + \/ R, +2$ (6—9) y) {1 - ]E]_ng] Q} >0 (25)

Lets first consider the term

/ 1
(RTJr R2 2= Gy) (24A) — <J+
¥
> (R + kP—2tey ) e +n— (Rf+ R —2loy+ /216y
P P P

- 1- _ 1
—(1+NR - 2,8y +(142) [RZ -2 0y

var (0)
A

_E[R{
R¢

>0

if R — \/25 Lo ey 0, which is a condition we need for Rj to be well-defined. Given this,

the first two lines of (25) are greater than

E [R¢]
R¢

((7\— (06—0)) R +RI — lepgw (1+A—(6-0)) RT2—2$Qy>

which is positive if A > (6 — 8). Hence, we showed that (18) - (23) are satisfied for values
ER| E [RT]

of policy risk such that = = o < . Finally, the cutoff value W is defined as the
smallest cutoff value such ghat (18) - (23) are satisfied. Q.E.D.

C Figures
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Figure 2: Persistence of Financial Dollarization
Sources:Levy-Yeyati (2006) and IFS
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