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Abstract

This paper develops a model of endogenous currency substitution where agents de-
cide which purchases will be made with domestic and which with foreign currency. In a
representative agent economy allowing for this use of alternative means of payments is
welfare enhancing. The result is an application of Ramsey taxation rules, by which cur-
rency substitution shifts the burden of the inflation tax towards relatively demand inelastic
commodities. When extending the model to the case in which agents have different pro-
ductivities we show that inflation has strong income distribution effects with high (low)
income agents benefitting (losing) when currency substitution is introduced.
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1. Introduction

Real money demand depends negatively on expected inflation, the opportunity
cost of holding money. In order to avoid this inflation tax, agents first discon-
tinue the use of money as a store of value. Eventually, if inflation is sufficiently
high, money is also displaced as a means of transactions. This phenomenon is
known as currency substitution — the use of a stable foreign currency for trans-
action purposes. This process has also been dubbed ‘dollarization’, because the
U.S. dollar has primarily assumed this role in the post-World War II economy.
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Dollarization is well documented for most high-inflation countries, and is known
to satisfy several stylized facts (see Calvo and Vegh, 1992, and the extensive
references there). Initially, foreign money is used only for large purchases (‘big-
ticket” items), notably in real estate and durables. If inflation becomes extreme or
increases substantially, the foreign currency ‘trickles down’ into everyday transac-
tions. Nevertheless, it is rare to observe the process going all the way to complete
replacement of domestic currency. In addition, dollarization is observed to take
place at the level of commodities, not individuals. Agents are not divided be-
tween those who transact in dollars and those who transact in domestic currency,
but this dichotomy does exist for commodities.

This paper develops a theory of currency substitution which tries to reflect
the above description. Initially, theories of currency substitution assumed im-
perfect substitutability of currencies through restrictions on the utility function;
examples include Calvo and Rodriguez (1977), Liviatan (1981), Calvo (1985),
and Bufman and Leiderman (1992). Kareken and Wallace (1981) and Lucas
(1982), on the contrary, relied on cash-in-advance constraints to justify the use
of money. In Lucas’ two-country world, commodities in each country could be
bought solely with the domestic currency. In Kareken and Wallace, both monies
are perfect substitutes, this leading to the celebrated result of indeterminacy of
exchange rates. Further work by Stockman (1980), Svensson (1985), and oth-
ers has followed the Lucas specification except in the timing of the resolution
of uncertainty, giving origin to a precautionary component in money demand,
though still maintaining the restriction that each good is bought with domestic
currency.

In this paper we try to merge the original intuition of currency substitution
models — that both currencies are used to some extent — with the Lucas cash-in-
advance specification. Our model resembles that of Lucas and Stokey (1983) by
allowing for both cash and credit goods, with dollarized commodities playing the
role of credit goods in their model. However, we differ from Lucas and Stokey
in that the choice of which commodity falls within each category is endogenous
(see also Ireland, 1992; Alonso, 1993). In addition, the specification of prefer-
ences and technology follows Prescott (1987), allowing us to discuss welfare
and income distribution issues explicitly side-stepped by Lucas and Stokey. As it
turns out, the setup leads to illuminating implications on the effects of inflation
taxation.

In Section 2 we analyze the general equilibrium of an economy with a repre-
sentative consumer—producer under currency substitution.! We characterize the
consumption patterns and money holdings which arise in steady state. The model
delivers steady state real balances which resemble specifications used in the

! In what follows we will refer to currency substitution and dollarization interchangeably though Calvo
and Vegh (1992) suggest the use of the term dollarization for the use of foreign currency as a store
of value and of currency substitution to denote the use of foreign currency for transaction purposes.
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empirical money demand literature. Regarding welfare, Section 3 shows that,
in the case of a representative agent, currency substitution increases inflation but
also increases welfare by shifting the incidence of taxation towards inelastically
demanded commodities. This result, which relies on a framework with heteroge-
neous goods where currency substitution changes the inflation tax across com-
modities, is in contrast to previous results in the area which usually argue that the
increase in the inflation rate induced by currency substitution leads to a decrease
in welfare. The exercise, which compares two steady states, can be interpreted
either as providing a welfare assessment of allowing for currency substitution,
or as providing a welfare assessment of changing the costs of dollarization, and
therefore, the steady state use of foreign currency for transaction purposes.’ In
Section 4 we extend the model by allowing for agent heterogeneity. Agents have
different productivities and consume a different set of goods. We show that in
equilibrium, poor (low productivity) agents are hurt by the process of currency
substitution — again, either its availability or its deepening — while rich (high
productivity) agents benefit. This occurs because the poor have a consumption
pattern that is biased towards goods which are always purchased with domestic
currency. Currency substitution induces an increase in the inflation tax charged
on these commodities; therefore, the poor pay a higher inflation tax on their
purchases.

The model therefore not only provides a framework in which to understand
how currency substitution takes place in an economy, but also allows discussion
of its welfare effects. It provides an additional explanation of why the inflation tax
is regressive and stresses the underlying conflict between efficiency and income
distribution induced by the currency substitution process.

2. The economy

2.1. The physical entvironment

The economy is composed of a continuum of identical infinitely-lived con-
sumers and firms uniformly distributed on the unit interval with unit total mass.
Agents consume a continuum of nonstorable commodities defined over R, the
set of strictly positive real numbers, indexed by 8. Time is discrete. Each pe-
riod is divided into three subperiods: the ‘labor market subperiod’, the ‘shopping
session’, and the ‘payments and consumption subperiod’. The agent enters the
period holding two assets: domestic and foreign currency. The economy is en-
dowed with a given quantity of foreign currency. During the labor market sub-
period the agent sells labor to firms. Wage payments take place at the end of the
period. Firms use labor to produce commodities with a constant-returns-to-scale

2 Alternatively the exercise can be interpreted as a comparison with previous work on the costs of
inflation which did not explicitly account for currency substitution,
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technology. We assume that the labor requirement to produce one unit of good 6,
a;(0), is an increasing and convex function of # with limgy_. a;(6) = 0. During
the ‘shopping subperiod’, the firm sells all its products to consumers who shop for
commodities using domestic nominal balances and foreign currency brought from
the previous period. Goods are indivisible, and in each period the agent may buy
one and only one unit of any good purchased. During the shopping subperiod the
government creates nominal balances and also purchases commodities. Finally, in
the ‘payments and consumption subperiod’ the producer pays the worker for his
labor services. Firms pay their wages in whatever currency they obtained when
selling, and a currency market is opened so that people can adjust their desired
holdings of domestic and foreign currency which are transferred to the next pe-
riod. This market determines the nominal exchange rate. Lastly, consumption of
purchases takes place.

2.2. Preferences

The utility function follows that in Prescott (1987), where the utility of con-
suming good #, v(0), is increasing, twice continuously differentiable, and strictly
concave in .. High-8 commodities are goods that give higher utility. Further-
more we assume that limy_,q v’(6) < 20 and that limgy .o v(0) = 0. Total utility
is additive over individual commodities and leisure and can be written as

U”:ZB’{/ v((})iﬁ(())d0+(an’)}. (1)
=0 R.

where [ denotes the discount factor, /#({) is an indicator function that equals
one if good @ is purchased in period ¢, and n’ denotes the amount of labor effort.
Agents are endowed with N units of labor. The superscript 4 denotes the agent.
We will drop this superscript until Section 4, as only there do we deal explicitly
with the issue of agent heterogeneity. We assume a constant marginal disutility
of labor. Together with the additivity of the utility function, this assumption
separates the consumption problem into infinitely many independent maximization
problems. These take the form of deciding on the purchase of any particular
good 0.

2.3. Currency substitution

As is implicit in the time setup of the model, agents face a cash-in-advance
constraint but can choose which currency to use in exchange. When they choose
to use foreign currency they engage in currency substitution. We now describe
the institutional constraints on the use of foreign currency. For each commod-
ity agents can use domestic money (M) at no cost. Foreign currency (/) can
also be used at no cost to purchase commodities which belong to the set of
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goods traded with foreign currency in the previous period, that is, to purchase
commodities which are already ‘dollarized’. Diverting new commodities to the
dollarized sector, on the contrary, does involve costs because markets need to
be reorganized in order to operate with the new transaction means. These costs
represent those involved in the adaptation of the payment system, bringing ad-
ditional foreign currency into the economy, increased accounting and/or trans-
actions costs in each particular market.> We assume these costs are the same
for each good and equal to C units of labor. This cost exhibits some character-
istics of a public good. Specifically, we assume that once everyone incurs the
fixed cost, no additional costs are required to transact this commodity with for-
eign currency in the future. Furthermore, when everyone incurs the fixed cost
the market can be set up even if a single agent deviates, that is, an agent can
free-ride and operate in a dollarized economy without paying the fixed cost.
However, in this case we do not allow the deviating agent to participate dur-
ing the first period. Finally, if only one agent incurs the fixed cost, then he
transacts in the dollarized sector for one period only; put differently, he has to
keep paying the fixed cost every period if he decides to continue transacting that
commodity with foreign currency. The intuition for these restrictions correspond
precisely to the notion of using foreign currency in a given market. Imagine
the interaction of many sellers and buyers using foreign currency. If only one
agent uses foreign currency, he avoids the inflation tax until the moment of his
purchase but will have difficulty in finding a seller willing to take his foreign
currency; if everybody operates with foreign currency, this problem does not
exist.

2.4. Firm behavior

Firms choose production levels g,(6) to maximize profits [T = [ p,(0)—w;a;(0)]
xq:(8), where p,(6) denotes the price of good 0 in period ¢ and w, denotes the
nominal wage in period ¢. In perfectly competitive markets, the price of each
commodity will equal its labor requirement times the wage, that is p,(0)) =
wa (6) V(1,8), and the supply will be infinitely elastic at that price. We denote
by s(6,/) the supply of good & by firm j. Similarly we denote by n9(j) the
labor demand of firm j. Because a;() is an increasing and convex function of
6, high-6 commodities are more expensive.

3 These costs are not those associated with the development of an exchange rate market or other
general financial developments which could be used by all markets at the same time but refer to
the reorganization which takes place in each individual market to allow for transactions in foreign
currency. These market-specific costs are common in this literature and underlie the ‘network exter-
nalities’ in Peiers and Wrase (1994), the ‘credit card network’ in Ireland (1992), and are assumed
as commodity-specific transaction costs in Uribe-Echevarria (1993).
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2.5. Consumer behavior

The consumer’s problem is to choose sequences {i,(H),n,,M,,f,,G;,Hu,é}fjo
that maximize

Uz}jﬁ{ﬂvwmwm9+w>wn}, @)
=0 :

subject to the dynamic budget constraint

M[ + e[f[ +/ pt(g)lr(e)d() + W;Cmax[éf_l - 5,0]
R.
SMi+efim1 +winy, (3)

the cash in advance constraints

0
A (800 < M, @)

4,
A Pu(0)i(0)d0 < e, f1o. (s)

and the labor supply constraint
n, <N, (6)

for given { p(0), w,,e,,éf,l}fjo. M, represents domestic monetary holdings and
f: the amount of foreign currency held at the end of period ¢; foreign currency
is converted using the price of foreign currency, e, to express it in units of
domestic currency. w,n, is labor income in period ¢, the product of the nominal
wage and the amount of labor effort. (7,8_1 denotes the economy-wide level of

currency substitution with all goods above (5,6_1 transacted with foreign currency
in period ¢ — 1.

Eq. (3), the dynamic budget constraint, allows the agent to use labor income
plus monetary holdings brought from the previous period to purchase goods or
to obtain monetary balances which are then taken to the next period. Whenever
the agent decides to transact with foreign currency a commodity which was not
previously transacted with foreign currency economy-wide, he pays the ‘organi-
zational” cost w,C and keeps paying it unless the whole market dollarizes the
commodity as well. Egs. (4) and (5) represent the cash-in-advance constraint for
both domestic and foreign currency. The consumer has to choose which com-
modities to transact with each currency. This will be determined by selecting a
set of cutoff commodities {6, 0,, 5}.

The solution to the consumer’s problem is fully described in the Appendix.
Here we need only discuss the sufficient and necessary conditions (7) to (12)
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which describe the solution. The solution divides the commodity space into two
groups of commodities with cutoff commodity 6. The set of cheaper commodities,
(0,07, do not justify paying the fixed cost C and will be transacted with domestic
money. All other goods will use foreign currency. Because the individual agent’s
solution has this cutoff property it is natural to restrict the analysis to the case
in which the economy-wide pattern of purchases also exhibits this property, thus
the characterization of 6° used above. The cutoff commodity in every period for
each individual is then the solution to

0, = min{f,_,.8,}, (7
with 6, defined by

Tfe pi(6,) - (8)

w;

where 7, denotes the rate of increase in the price of foreign currency. Egs.
(7) and (8) indicate that the agent will transact with foreign currency all goods
which the economy was transacting previously with foreign currency and also all
those commodities for which the inflation tax savings for one period measured
in labor units, 7ze(pt((§r Ywe) = mear(0), compensate for the fixed cost C. Only
large purchases justify paying this fixed cost.

Consumption decisions will be determined as usual by a set of Euler con-
ditions. The agent purchases goods transacted with domestic currency as long
as

Ptfl(g)

t—1

pu(0) = (1 + mp) = (1 + mp)a)(0), 9)
where 7y denotes the rate of growth in the price of good 0. Because of the prop-
erties of v(0) and a;(f), the inequality in (9) is satisfied for a set of commodities
between zero and some cutoff commodity, 07, that satisfies (9) with equality.
The consumption set of commodities traded with domestic money can therefore
be defined by all 6 such that 8 € (0, min{67,0}).

For goods transacted with foreign currency (3) indicates that the Euler con-
ditions will depend on whether 5[ < éf_l, that is, whether the agent chooses
to transact with foreign currency some commodities that other agents do not. If
0, > 55_,, the agent purchases those goods for which

(I +mp) pia(0) (1+7Tll)a (o), (10)

e T S g £

41t is possible that ©(0) is so low that the inequality in (9) is not satisfied for any 0 > 0. In this
uninteresting case we have that 0; = 0.
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. PP ~E . ear
while if 6, < 6,_, the agent purchases foreign transacted commodities as long as

(I +m) [Pt—l(g) J _ (U +m)

Bu(8) = lai(8) + C]. (11)

0+ 7 M T

W1

In this case, the set of goods consumed are those 6 € [0, 0] where 0 satisfies
either (10) or (11) with equality.

These Euler conditions compare the marginal benefit of consumption with the
marginal disutility of labor required to purchase that commodity. Note that due
to the cash-in-advance constraint inflation increases the relative cost of pur-
chasing commodities — the relevant ‘consumption price’ in labor units (1 +
Tp)p—1(0)/w,_y is increased by the rate of inflation. On the contrary, for for-
eign currency, in addition to the fixed cost there is a cost only to the extent that
there exists a difference between domestic inflation and the rate of depreciation
of domestic currency.

Because we restrict ourselves to the case of sufficiently high inflation rates,
the cash-in-advance constraint will hold as an equality in every period,

min{f,07}
/ pi(6)d0 = M,_,. (12)
0

All other commodities are purchased with foreign currency. Finally, labor supply
is determined from the dynamic budget constraint (3) by substituting all other
decision variables.

2.6. Government

The government purchases goods with the monetary balances it creates every
period. We assume without loss of generality that the government purchases only
one good, which has a unit labor requirement (i.e., a;(6) = 1), in amount g. Its
budget constraint is then

gpi/:gwr:M/_Mt—l- (13)

2.7. Equilibrium

Definition.  For an initial level of monetary balances, My, holdings of foreign
currency, fo, and government consumption, {g,}°5,, an equilibrium is defined as
a sequence of nominal money supplies, {M,}°,, holdings of foreign currency,
{fi}22,, prices, { pi(0), wi, e, }52,, consumptions decisions, {i,(0), 0, 0., 0}, and
employment/labor decisions, {n,};°,, which satisfy conditions (i)—(iv):

(i) The government budget constraint is satisfied in every period.
(i) {i,(()),n,,M,,j:'é, 01,0.,0}7, solve the agent’s maximization problem given
{Pr(())s W’rseta()z—l}?io-
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(iii) Firms maximize profits given { p,, w,}>5,.

(iv) The markets for all commodities 6, foreign currency, and labor clear in
every period:

1 ]
/S,U,H)dj:/ ii(h,0)dh + g(0), V0,1,
0

0
1 1
| rian= [ rianan i,
0 0
1 1
/ n;(h)dh =/ nd(j)dj, v,
0 0
where %, f9, and # denote foreign currency supply, foreign currency demand,

and labor supply in period ¢, respectively, 4 indexes individuals and j indexes
firms.

In what follows we will analyze a stationary steady state in which all nominal
variables grow at a constant identical rate and real variables are constant over
time. This steady state exists only under the assumption that real government

consumption is constant, an assumption we impose in what follows.> Proposition
1 characterizes the steady state.

Proposition 1. For My, fo, and § > g > 0, a steady state exists and is char-
acterized by: (1) All nominal variables grow at the same rate p, where i is
the rate of money creation. (i) There is a constant positive level of currency
substitution, 0 < 6 = §° < ~. (i1} The optimal consumption pattern of the rep-
resentative agent will be such that i(8) =1 for all 6 € (0, min{é, 0rHu [(;, 0;]
if 6 < 02, where 07 and 07 are defined by the equations Pv(8) = a)(0};) and

Be(07) = (14+)a(07). (iv) p is defined by the solution to u _];)min{ﬂ' o a/(0)d =

g. (v) Goods market clear at q(0) = 1 V0 in positive demand. Labor equilibrium
is attained at n = Omm{“‘ﬂ’ }(l + wa,(0)do + f(:; a,(0)d0. Finally, equilibrium

in the foreign exchange market is attained at f = f\.

Proof. The proof is divided in five steps which correspond to the statements of
the proposition.

(1) All nominal variables grow at the same rate p, where u is the rate of money
creation.

3 The restriction of the analysis to the steady state leaves open the question regarding stability, or of
whether the economy will ever reach such a state. As in Lucas (1982, Fn. 3) and Alonso (1993) we
side-step this issue in order to obtain a tractable model.
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Adding up (12) and (13) we obtain a version of the quantity theory:

min{0.6; }
w, g+/ a,(@)dﬂ] =M,. (14)
0

From (14) it can easily be shown that, for a constant consumption pattern,
wage inflation will equal the rate of monetary creation, u. From the pricing
behavior of firms, the rate of increase in the price of each commodity will
therefore also equal u. Similarly for goods transacted in foreign currency we
have

0 1
w{A mwm%=aﬂ, (15)

which implies that the price of foreign currency will also increase at rate pu.

(ii) There is a positive level of currency substitution, i.e., 6=0 = é,e_l < 0.

Because we consider an equilibrium where the level of currency substitution
is not changing over time, we will have f, = f and 6, = 5?7, = 6. The so-
lution to the optimal level of currency substitution is given by the fixed point
of (7),

6 = min{6,, 6},

where 6 is defined from u( p,(é)/w,) = C, which exists and satisfies that 0 < oo
as long as C < oc.

(iii) The optimal consumption pattern of the representative agent will be such
that i(0) = | for all 6 € (0,min{0,0;}] U[0,03] if 0 < 0, where 0} and 0;
are defined by the equations Bo(0%) = a)(0%) and Po(67) = (1 + wa(67).

The consumption decision is determined by three numbers {(5, 67,0} Result
(ii) in (3) implies that in the steady state the cost C will not be paid, so that
the relevant Euler conditions are (9) and (10). Using (i) and (ii) and the optimal
pricing behavior of firms derived in Section 2.4 the Euler conditions can be
rewritten as

1 if Bo(6) > (1 + paf) and 6 < 0,
i@)y=<1 if Po(0)>a(0) and 6 >0, (16)
0 otherwise,

*

where we define 0] and 6 as those commodities which satisfy the first and
second conditions of (16) with equality. The assumptions on v(8) and a,;() insure
that the conditions in (16) are also satisfied for all goods below the correspond-
ing cutoff. If no commodity exists for which these equations are satisfied with



F. Sturzenegger | Journal of Economic Dynamics and Control 21 (1997, 391-416 401

equality, it implies that it is suboptimal to consume any commodity within this
group. Thus in this case we will have 07 = 0 and 6] = 6.
Because 0 < ¢}, only three possible consumption patterns are possible:

(@) 0 < 67, which from (16) implies that all goods in (0,6 ) are consumed.
(b) 0 > 0, which implies that all goods between (0, ;) are consumed.
(c) 07 < 0 < 07, so that all goods between (0, ;) and (f}, 0;) are consumed.

Tl'liS result can be summarized by having i(#) = 1 for all 8 € (0, min{(}*,é}]
U [6,05].
(iv) p is defined by the solution to yfomm{()’"” a(0)dd = g.

Dividing (13) by w, and using the private budget constraint (12), we obtain a
new expression for the budget constraint of the government,

min{0.07}
#/ a/(0)do = g, (17)
0

where  and 7 depend on u from (8) and (9), respectively. Eq. (17) therefore
determines the rate of money growth, u, which satisfies the budget constraint
of the government. It is not clear that (17) will have a solution, specially if
government spending is too large. We thus require imposing a condition which
guarantees that it will be feasible to finance this spending with inflation taxation.
Because this maximum amount of resources depends on the how easy it is to
substitute away from domestic currency we impose the generic restriction that
g < g, where g is the maximum amount of seigniorage which is feasible to
collect and which will depend, among other factors, on C.

(v) Goods market clear at q(6) = 1 VO in positive demand. Labor equilibrium
is attained at n = fomm{o"u"*}(] + wa(9)do + f(:) a(0)do. Finally, equilibrium
in the foreign exchange market is attained at | = fy.

Each agent demands one unit of those goods he decides to purchase. For
these commodities aggregate demand equals fol ithydh = fol dh = 1. Because
the supply of goods is infinitely elastic at price p,(f), goods market clear at
g(0) = 1 for all commodities for which demand is positive. Because of perfect
competition and constant returns to scale the distribution of production across
firms is indeterminate.

The individual supply of labor can be obtained by substituting in (3) the
solution to the consumption problem, yielding

min{f, 6] } 0
n :/ (1 +u)a1(9)d9+f a;(8)de.
0 4






