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Abstract

This paper studies welfare gains from disinflation in the presence of currency substitution.
A distinctive small open economy model with currency substitution and intermediated work-
ing capital is constructed for this objective. It is found that welfare gains from disinflation
are higher when the baseline elasticity of substitution between foreign currency and domestic
deposits is higher. Indeed the gains from disinflation can be quite large compared to previous
studies especially for moderate rates of inflation if the two assets are highly substitutable under
the baseline scenario. After the benchmark economy is specified, the model is used to assess
welfare gains from disinflation for a given level of financial development. The model implies
that, higher currency substitution is welfare enhancing for high inflation rates but not for mod-
erate and low inflation rates. In other words, currency substitution is not necessarily welfare
enhancing.

JEL Classification: E31, E51, F31, F41
Keywords: Inflation, welfare, currency substitution, monetary policy

1



1 Introduction

This paper studies the impact of currency substitution on the welfare gains from reducing inflation.
The presence of currency substitution affects the welfare cost of inflation potentially to a great
extent, by complicating the relationship between residents’money demand and the inflation rate,
and by affecting the operation of the domestic lending-borrowing market. I address this issue by
building a small open economy model featuring currency substitution and working capital with dis-
tinct properties. The model implies that currency substitution is not necessarily welfare enhancing
even in a representative setting. Along a range of calibration schemes, I find that currency substi-
tution mitigates the welfare cost of inflation greatly for high inflation rates. However, this result
is overturned for moderate and low inflation rates. Also, depending on the assumption about the
baseline level of elasticity of substitution between currencies, the welfare cost function can be very
steep, implying very large welfare gains from disinflation especially for moderate levels of inflation,
despite the presence of inside money, and the absence of frictions1 .
Starting with Bailey (1956), welfare cost of inflation has been widely studied. The literature on

the interaction of the currency substitution with the welfare cost of inflation on the other hand is
not very large. A prominent study in this area is Sturzenegger (1997), who builds an endogenous
model of currency substitution and concludes that currency substitution increases welfare in a
representative agent setting. The reason is that the availability of foreign currency as a means
of payment causes the inflation to tax more the more inelastic goods. Chang (1994), Schmitt-
Grohé and Uribe (2001), and Holman and Neanidis (2006) are recent studies that examine the
welfare consequences of alternative policies to finance a given level of fiscal deficit in the presence
of currency substitution. I explore the effects of currency substitution in the spirit of the welfare
cost of inflation analysis in Cooley and Hansen (1989), Lucas (2000), and Henriksen and Kydland
(2009). Namely, I specify benchmark economies with different levels of currency substitution, derive
the welfare cost functions associated with these economies, and compare them. To my knowledge
the current study is the first attempt in this direction.
Under the model of this paper, the welfare gain from reducing inflation from 100 percent and

10 percent to 0 percent is about 2.58 percent and 0.80 percent of the benchmark consumption
level when the rate of substitution is fixed to an intermediate value of 1. When we allow for more
substitution between currencies the welfare gains go up to 4.01 and 1.37 percent and 8.25 and
3.66 percent respectively for elasticities of substitution of 1.42 and 2. These figures are quite large
compared to figures obtained in seminal studies by Cooley and Hansen (1989) and Lucas (2000), as
well as Henriksen and Kydland (2009), to which the model of this paper is closely related. Major
role in this finding is played by the time and resource costs associated with dealing with the financial
market, and the workings of the financial system where firms need to provide working capital from
households through a banking sector in a dollarized environment. The model implies that, for a
given size of the banking sector, the time and resource costs are higher if the benchmark economy
is characterized by prolonged periods of high inflation and currency substitution. Although I do
not explicitly model how these costs are determined, this implication is quite plausible. Indeed
Özbilgin (2010) uses the World Bank’s World Development Indicators data and provides evidence
that operating in financial markets is much costlier in low and middle income countries which are

1Using Freeman and Kydland (2000)’s model with inside money, Henriksen and Kydland (2009) reach a welfare
cost estimate smaller than Cooley and Hansen (1989) and Lucas (2000) as expected. Burstein and Hellwig (2008)
demonstrate that a model with Calvo type sticky prices leads to a much higher welfare cost of inflation compared to
a menu cost model.
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usually prone to one or more of the aforementioned features. Higher financial market costs punish
the households more for trying to cope with the inflation tax, thus lead to higher welfare costs of
inflation. However, the model still yields sizeable welfare costs even when these costs are smaller,
through the interaction of firms and households within a dollarized financial system. The welfare
cost function becomes quite flat, implying small gains from disinflation like previous papers, when
currency substitution and working capital channels are turned off and the benchmark inflation rate
is taken to be low.
For a given level of financial development proxied by the financial cost parameters, the impact

of more currency substitution on the welfare cost of inflation is ambiguous in general under this
paper’s model. The reason is that there are several sources of welfare cost of inflation which are
affected differently by these features. The model involves a banking sector that collects deposits from
households and extends loans to the firms for their working capital needs. When there is currency
substitution, an alternative asset, foreign currency, whose return is independent from domestic
inflation rate is available to households. Thus, foreign currency holdings provide protection for
households against the inflation tax. In this sense currency substitution mitigates the welfare cost
of inflation. Furthermore, when currency substitution is present a higher than otherwise real rate of
return on households’deposits is needed to meet the loan demand of firms. Hence, the opportunity
cost of holding deposits for the households is lower, also leading to a lower welfare cost of inflation.
On the other hand, holding foreign currency incurs a cost that results in a deadweight loss that needs
to be financed out of income, and leads to a fall in the seigniorage revenue generated, dampening the
fall in welfare costs. Just as importantly, higher deposit rates under currency substitution translate
into a higher real interest rate spread for a given inflation rate through banks’optimization. The
interest rate spread determines the net cost of financing of the firms’working capital needs. In this
sense, currency substitution exacerbates the welfare cost of inflation. Following similar arguments,
when firms’foreign borrowing availabilities are limited, that is, firms need to finance most of their
working capital needs from domestic markets, the cost of inflation on firms is higher and the cost
of inflation on households is lower. It turns out that, under the baseline calibration, the favorable
impact of currency substitution dominates its unfavorable impact so that the welfare cost of inflation
is much higher under less currency substitution for high inflation rates. However, we observe the
opposite for moderate to low inflation rates. In other words, welfare gain from disinflation along
moderate inflation rates is higher for an economy with more currency substitution.
From a theoretical perspective, this paper contributes to the monetary economics literature by

introducing a small open economy general equilibrium model with a new way of modelling the
currency substitution. A look at the recent literature reveals that the development of currency
substitution literature traces the developments in monetary theory. Previous attempts to model
currency substitution include economies where foreign currency enters the utility function (Engel,
1989; Calvo,1985), foreign currency reduces the shopping time (Vegh, 1995), and foreign currency
enters a cash-in-advance constraint (Uribe, 1999; Holman and Neanidis, 2006). In all of these pa-
pers foreign currency is culminated with domestic currency in a liquidity aggregator function. This
paper takes of a different approach in light of three observations: i) Not all purchases can be made
by foreign currency. ii) Foreign currency is dominated by domestic currency in terms of transaction
costs incurred when making purchases. iii) Foreign currency dominates domestic currency (when-
ever domestic inflation is higher than foreign inflation) and can compete with domestic currency
denominated assets in terms of real rate of return. The main innovation of this paper’s model is
that the substitution takes place not between foreign currency and domestic currency, but between
the foreign currency and the less liquid components of domestic "money", namely deposits. In other
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words, foreign currency serves as an additional asset just like domestic deposits: an asset that is
less liquid than domestic currency but stronger against inflationary pressures.
The monetary framework in Freeman and Kydland (2000) provides an excellent opportunity to

incorporate this idea into the standard open economy business cycle model in a straightforward
way. In the currency substitution model of this paper, the consumer decides whether to purchase
a certain good by domestic currency or with deposits and foreign currency by weighing the costs
of one against the other. Given that the foreign inflation is lower than the domestic inflation,
foreign currency will earn a higher return than domestic currency. Hence the consumer will be
inclined to hold foreign currency and deposits in a high inflationary period. However, the use
of deposits and foreign exchange in making purchases incur a fixed cost per transaction to the
consumer, whereas using domestic currency does not incur such costs. A novel feature of the
model is that the endogenous decisions made by the consumer in this setting are consistent with
the casual observation (see Calvo (1996), pp.153-154) that big ticket items are purchased by using
foreign currency and small items are purchased by using domestic currency. In this aspect, the
model of this paper is similar to Sturzenegger (1997)’s location model where agents choose which
goods to buy with foreign currency.

2 Model

In this section I build a small open economy model featuring currency substitution using the mon-
etary framework provided by Freeman and Kydland (2000) and the standard small open economy
model constructed by Mendoza (1991). The agents in the economy are households, firms, banks,
and the government. The firms in the model need working capital for their operations. As a result,
like in any other cash-in-advance environment, the timing of events becomes important. The timing
convention I adopt is as follows. Every period (t) has two subperiods, the beginning (t−) and the
end of the period (t+). At the beginning of an arbitrary period, say t−, households choose deposits,
foreign and domestic currency holdings, and foreign asset holdings. The distribution of resources
into financial assets chosen at this point is maintained until (t+ 1)

−. Firms choose how much to
borrow from loan market, as a part of their total costs need to be paid before the total revenue
from the production is available. Banks choose their balance sheet variables, and set interest rates
accordingly. All the interest payments regarding time t − 1 assets take place at this point. Also
at t−, factor markets open, firms choose their factor demands, and households choose the amount
of capital and labor to be supplied to the firms. At the second half of the period, t+, production
and consumption takes place, firms pay the rest of their total costs and make their deposits. The
problem of each entity is explained in the following subsections.

2.1 Households

The economy is populated by a large number of identical households who value leisure and the
consumption of a continuum of goods indexed by j ∈ [0, 1]. The period t utility function of the
representative household takes the form below

U (ct (j) , lt) = U

[
min

(
ct(j)

(1− ω)j−ω

)
, lt

]
, ω ∈ R− (1)
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Leontief ordering of consumption goods above implies that

ct (j)

(1− ω) j−ω
= c̄ for any j ∈ [0, 1] (2)

It can be verified easily that c̄ is the total consumption in period t. It follows that j indexes the
goods by size. Substitution of (2) in (1) yields the usual utility representation:

U (c̄t, lt) (3)

The setting above is provided by Freeman and Kydland (2000).
Assets available to the household are domestic currency, Mt, domestic deposits, Dt, foreign

currency Qt, capital, kt, and the foreign assets, BHHt . Foreign assets mainly serve as a vehicle of
transferring resources from and to abroad, enabling domestic absorption and production to differ
from each other. As a result, we are able to allow the benchmark economy to give a trade deficit
or surplus and take this into account when we calculate welfare cost of inflation.
Foreign assets and capital are illiquid. Other assets can be used for purchases. In particular,

households can use the domestic currency, or a combination of their liquid financial assets, that is,
deposits and foreign currency holdings, to purchase the goods ct (j) for j ∈ [0, 1]. At the trip to
the asset market the consumer arranges her portfolio of liquid monetary assets through a constant
returns to scale aggregator:

Ω (Dt, etQt) (4)

It is the domestic purchasing power of foreign currency that matters to the household in that
et denotes the nominal exchange rate. It is assumed that the purchasing power parity holds on a
period by period basis. Therefore, given the world price level P ∗t , we have that

et =
Pt
P ∗t

(5)

The function Ω (.) is analogous to liquidity aggregators used in Vegh (1995) and Holman and
Neanidis (2006). However, an important departure from the existing literature, including these two
papers, is that the substitution takes place not between the domestic and the foreign currencies, but
between the domestic deposits and the foreign currency. This is in line with Guillermo Calvo’s view
(See Calvo, 1996, p.153) that the foreign currency is held in developing countries mostly for store
of value considerations, and my casual observation that the foreign currency acts like just another
asset that potentially can earn more return than domestic currency and is somewhat liquid. In this
sense foreign currency competes with domestic deposits. I argue that the fact that foreign currency
is used for purchases in some economies is primarily because the return difference between domestic
and foreign currencies is big enough in favor of the latter. This idea is applied by assuming that it
is costless for the households to use domestic currency for purchases whereas a real fixed cost of τ
is incurred when the foreign currency and deposits are used2 .
The representative household decides on the distribution of her resources between the local

currency and the other asset holdings at the beginning of the period and maintains the same

2Alternatively, one could specify different costs for carrying out transactions in foreign currency and domestic
deposits. My view is that these costs are very similar in a dollarized economy. It is very hard to provide solid
evidence as to which is costlier than the other. On the other hand, it is clear that using foreign currency and deposits
is costlier compared to domestic currency.
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distribution until the beginning of the next period. These decisions are on average holdings so that
visiting the asset market and replenishing the assets nt times means nt times the holdings of each
asset is available. A trip to the asset markets takes κ units of time.
When deciding by what means to purchase a given good type, the consumer compares the op-

portunity cost of making the purchase with domestic currency versus deposits and foreign currency
in the following way:

ϑtr
D
t+1 + (1− ϑt)

εt+1

πt+1
−
ntτ r̄

K
t+1

ct (j)
− Λt ≶

1

πt+1
(6)

Where ϑt is the weight of deposits in foreign currency/deposits portfolio. Variables rDt+1, εt+1,
πt+1, r̄Kt+1 stand for the real rate of return on deposits, rate of depreciation of domestic currency,
domestic inflation rate, and the rate of return on capital net of adjustment costs. Λt is a term that
corrects for marginal rates of transformation between the two assets in the liquidity aggregator and
is independent of the purchase size3 . The right hand side of (6) is the rate of return on domestic
currency. The left hand side corresponds to the rate of return on portfolio of foreign currency
and deposits net of transaction costs, and is increasing in j. It follows that, there exists a critical
purchase size j̄ for which (6) holds with equality so that the bigger (smaller) purchases are made
by foreign currency and deposits (domestic currency). As a result, household’s demand for liquid
assets given some aggregate price level Pt are governed by expressions below:

∫ j̄

0

ct (j) dj = nt
Mt

Pt
(7)∫ 1

j̄

ct (j) dj = nt
Ω (Dt, etQt)

Pt
(8)

In a certain period t, household’s budget constraint is given by the expression below

c̄t + kt − (1− δ) kt−1 + Φ (kt − kt−1) +
Dt

Pt
+
Mt

Pt
+
etQt
Pt

+ ... (9)

rBt
et−1B

HH
t−1

Pt−1
+ τ (1− j̄t) ≤ ...

wtht + rKt kt−1 + Πt + rDt
Dt−1

Pt−1
+ ...

Mt−1 + Tt
Pt

+
etQt−1

Pt
+
etB

HH
t

Pt

Where Φ (.) is an increasing function governing the adjustment costs on capital and the term
τ (1− j̄t) gives the total transaction costs. Πt and Tt give the dividends received from the firms
and transfers received from the government. Pt stands for the time t price level. Real rates of
return on capital, foreign bonds, and deposits are given by rKt , r

B
t , and r

D
t . The condition (9)

states that, total of wage income, capital income, transfers from firms and the government, and the
value of financial assets carried over from the previous period plus the net interest receipts on these

3 In equilibrium, Λt = ϑt
(
r̂Kt+1 −

εt+1
πt+1

)(
1−ΩD,t
ΩeQ,t

)
+ (1− ϑt)

(
r̂Kt+1 − rDt+1

) ( 1−ΩeQ,t
ΩD,t

)
, where Ωi,t denotes the

partial derivative of the function Ω (.) with respect to the variable i.
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assets must finance the sum of consumption, new asset holdings, capital adjustment costs, and the
transaction costs incurred in the current period.
Total time endowment of the representative household is normalized to 1. The household divides

the time endowment between leisure, labor, and trips to financial market. Thus

lt + ht + κnt = 1 (10)

The representative household’s expected lifetime utility is assumed to be time-separable:

E0

∞∑
t=0

βtU (c̄t, lt) (11)

Given sequences of rDt , r
K
t , r

B
t , et, Pt, Πt, and Tt, the problem of representative household is

to maximize (11) subject to (7), (8), (9), (10) and the usual transversality conditions on assets by
choosing streams of kt, Mt, Qt, Dt, BHHt , c̄t, nt, lt, j̄t, and ht.

2.2 Firms

There exists a large number of firms operating between (t)
− and (t+ 1)

− that can be represented by
a single representative firm. The representative firm established at (t)

− decides how much capital k̃t,
and labor h̃t to hire at rates rKt and w and pays a fraction Ξ of the total factor payments immediately
before the production takes place and the revenues are available at time (t)

+. Therefore, the firm
needs working capital to operate. It is assumed that the firm takes loan amounting to Lt from the
domestic markets and BFt from international markets. The latter finances a fraction ηt of the total
working capital need of the firm and the former finances the rest. In other words, we have the
following conditions holding each period:

Ξ (1− ηt)
(
rKt k̃t + wth̃t

)
=
Lt
Pt

(12)

Ξηt

(
rKt k̃t + wth̃t

)
=
etB

F
t

Pt
(13)

I assume that the firm’s foreign borrowing possibilities can be decomposed into a constant and a
random component4 , that is ηt = η̄−Υη̃t where Υ is a scale parameter and the random component
η̃t follows a first order autoregressive process as follows :

η̃t = ρη η̃t−1 + υη,t , υη,t ∼ N
(
0, σ2

η

)
(14)

The firm produces through a constant returns to scale production technology, F
(
k̃t, h̃t

)
. After

the production becomes available at (t)
+, the firm makes the rest of the payments to factors of

production and deposits the remaining proceeds to domestic and foreign banks until (t+ 1)
−. For

simplicity, I assume that the firm deposits fraction 1 − ηt in domestic banks and a fraction ηt in
foreign markets5 . At time (t+ 1)

− the firm pays and receives interest and principal on loans and

4The random component of the firms’foreign borrowing possibilities η̃t is included in order to break the perfect
correlation between the monetary aggregates and output that would otherwise occur under the model economy and
does not affect the steady state of the model.

5This assumption implies that the cost of borrowing for the firm from domestic and foreign markets is the real
spread within each market.
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deposits, distributes profits to its owners (Πt+1) and dismantles. The firm’s profits are given by
the sum of time (t) and (t+ 1) cash flows:

Πt+1 =
[
(1− ηt) rDt+1 + ηtr

∗] {ztF (k̃t, h̃t) ........ (15)

− (1− Ξ)
(
rKt k̃t + wth̃t

)
} − rLt+1

Lt
Pt
− rBt+1

etB
F
t

Pt

Above, r∗ is the interest rate firm earns on its international assets. Exogenous shock process,
zt, assumes the common form:

ln zt = ρ ln zt−1 + υt , υt ∼ N
(
0, σ2

z

)
(16)

A new firm is established immediately at (t+ 1)
−, carrying the exact line of operations until

(t+ 2)
−. Therefore the problem of a firm established at the beginning of an arbitrary period t is to

maximize (15) subject to (12), (13), (14), and (16). Time t factor prices are obtained from firm’s
problem as follows:

rKt =

[
(1− ηt) rDt+1 + ηtr

∗] ztFk,t
(1− Ξ)

[
(1− ηt) rDt+1 + ηtr

∗
]

+ Ξ
[
(1− ηt) rLt+1 + ηtr

B
t+1

] (17)

wt =

[
(1− ηt) rDt+1 + ηtr

∗] ztFh,t
(1− Ξ)

[
(1− ηt) rDt+1 + ηtr

∗
]

+ Ξ
[
(1− ηt) rLt+1 + ηtr

B
t+1

] (18)

It can be verified that the rates of return in (17) and (18) lead to zero profits for the representative
firm operating in any period.

2.3 Banks

There exists a large number of competitive banks which can be represented by a single representative
bank who collects deposits from households and provide loans to firms. The representative bank’s
problem is kept simple similar to Dressler (2007). The proceeds of the bank in period t is given by

rLt+1L
tot
t − rDt+1D

tot
t + Zt

Pt
Pt+1

(19)

Ltott and Dtot
t are the loans extended and deposits collected by the bank at real gross rates rLt+1

and rDt+1. Zt denotes the reserves held by the bank. As the reserves are prone to the negative effect
of the inflation rate, it is optimal for the bank to hold reserves not more than what is required by
law through required reserve ratio, %, i.e.,

%Dtot
t = Zt (20)

Bank’s balance sheet requires
Dtot
t = Ltott + Zt (21)

Each period, the representative bank chooses how much loan to extend and how much deposit
to collect by maximizing (19) subject to (20) and (21) taking as given the interest rates and prices.
Bank’s problem leads to the condition below:

rDt+1 = (1− %) rLt+1 + %
Pt
Pt+1

(22)
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2.4 International financial markets

The interest rate that the economy faces in international financial markets is given by the expression
below:

rBt = WR+ Ψ

(
etB

TOT
t

Pt

)
(23)

Above WR is the exogenously given world interest rate and BTOTt = BF + BHH is the total
foreign debt level of the economy. Ψ (.) is a strictly increasing function. In other words, the
interest rate that the country faces in international markets is increasing with the economywide
level of foreign debt. This specification ensures that the problem at hand implied by the model is
stationary6 .

2.5 Government

Government is comprised of a monetary authority that controls the money supply. Monetary base
in a certain period t, M0t, is given by

M0t = gtM0t−1

Different levels of the growth rate of monetary base, gt, and the process governing it, correspond
to different monetary policies. Changes in the monetary base are returned to households as lumpsum
transfers:

Tt = (gt − 1)M0t−1 (24)

2.6 Equilibrium

Given the world interest rate WR, the world inflation rate π∗, and the initial values for prede-
termined variables and the exogenous shock process zt, equilibrium in this economy consists of a
vector of sequences of prices

P =
{
Pt, wt, r

K
t , r

B
t , r

L
t , r

D
t , et

}∞
t=0

,

and sequences of household’s choice variables{
kt, Qt,Mt, Dt, B

HH
t , c̄t, lt, nt, ht, j̄t

}∞
t=0

,

firm’s choice variables, {
k̃t, h̃t, Lt, B

F
t

}∞
t=0

,

bank’s choice variables {
Ltott , Dtot

t , Zt
}∞
t=0

,

and government actions g = {gt}∞t=0 such that:

1. Given P and g, and aggregate variables, households, firms and banks optimize.

2. Equation (5) holds on a period by period basis.

6See Schmitt Grohé and Uribe (2003) for alternative ways to "close" the standard small open economy model.
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3. Government policy satisfies (24).

4. Individual and aggregate variables are consistent

5. Transversality conditions hold.

6. Markets clear: Clearing of factor market, fiat money market, and the quasi money market
requires that the following conditions hold respectively

k̃t = kt−1 and h̃t = ht

M0t = Mt + PtZt

PtL
tot
t = Lt

PtD
tot = Dt + (1− ηt)Pt

[
ztF

(
k̃t, h̃t

)
− (1− Ξ)

(
rKt k̃t + wth̃t

)]
2.7 Parametrization

Period utility function U (c̄t, lt) is assumed to have the following form:

U (ct, lt) =

(
ct − ξ (1−lt)θ

θ

)1−χ

1− χ (25)

This utility function above is called GHH utility as it was first introduced by Greenwood et al.
(1988)7 . The symbol ξ in (25) is introduced in order to scale the time spent on market activities.
Intertemporal elasticity in labor supply is governed by the parameter θ. Coeffi cient of relative risk
aversion is given by χ.

Deposit-foreign currency aggregator is assumed to have the constant elasticity of substitution
(CES) form.

Ω (Dt, etQt) =
[
γDζ

t + (1− γ) (etQt)
ζ
]1/ζ

(26)

where γ governs the share of deposits and foreign currency and ζ governs the substitutability
between the two assets.
Risk premium function is adapted from Schmitt-Grohé and Uribe (2003) to the monetary envi-

ronment here:

Ψ

(
etB

TOT
t

Pt

)
= ψ

[
exp

(
b̃t − b̃

)
− 1
]
, where b̃t =

etB
TOT
t

Pt

where b̃ is the steady state value of the real value of BTOT = BHH + BF so that the risk
premium is nil at the steady state.
Capital adjustment costs are governed by the following function:

Φ (kt − kt−1) =
φ

2
(kt − kt−1)

2

The functional form above is borrowed from Mendoza (1991).
Production function has the Cobb-Douglas form:

F
(
k̃t, h̃t

)
= k̃αt h̃

1−α
t

7GHH utility is vastly used in small open economy models on the grounds that it helps these models mimic
business cycles.
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3 Steady state and calibration

Model is calibrated to Turkish economy for the sample period 1987Q1-2002Q48 . At the steady state,
all real variables are constant. Steady state rate of inflation is set equal to the sample average of the
annual inflation rate, 69%. Foreign inflation rate is set equal to 2%. The annual depreciation rate
δ is set to its usual value of 0.1. Required reserve ratio % is calculated to be 0.13 using the actual
values of the rate throughout the sample period. The share of capital in the production function is
set to 0.36.

The real borrowing rate in international markets is set to 4%. This implies that a quarterly
discount factor of approximately 0.9902. The return on representative firm’s international assets,
r∗, is calibrated by approximating the spread in the international markets ( rB − r∗) by the spread
between the federal funds rate and the prime lending rate in the US data within the sample period.
The representative firm’s working capital requirement Ξ is proxied by the sample average of the

short-term external financing of all firms covered in Central Bank of Turkey’s sectoral balance sheets
data and set equal to 0.44. The constant component of the firms’foreign borrowing possibilities, η̄,
is fixed to 0.252. This value is close to share of foreign debt to total debt in all emerging economies
reported in IMF’s Global Financial Stability Report, Chapter 4, and tilted somewhat down so that
the baseline economy rests at the sample average trade balance to GDP ratio of −2.73% given
the values of the rest of the parameters. The random component of the firms’foreign borrowing,
η̃t, is assumed to reflect the state of the global liquidity conditions and can be proxied by the
cyclical component of the difference between the 3-month LIBOR rate and 3-month T-bill rate
(TED spread). The resulting value of ρη and ση are 0.396 and 0.206 respectively for the sample
period. The degree of intermission of the global liquidity shocks to the domestic economy, Υ, is
chosen so that correlation between M1 and GDP obtains a realistic value.

It is hard to obtain estimates of the time cost (κ) and the transaction cost (τ) associated with
foreign currency and deposits. I follow the same strategy as Freeman and Kydland (2000) in that
the baseline values of these two parameters are pinned down from the model by imposing two
additional constraints from the data. In particular I set the steady state deposit to consumption
and domestic currency to consumption ratios equal to their sample averages. This strategy implies
that the baseline values of the costs of dealing with the financial market for a given size of the
financial sector are different for economies with different characteristics.
As typical in any other one country-one sector open economy model, the steady state values

of all of the variables cannot be pinned down given the values of the parameters. So we need an
extra assumption. For this purpose, I construct a real interest rate series for sight deposits within
the sample period. The baseline value of the return on deposits in the model, rD, is assumed to
take the sample average of this series at the steady state. Given the steady state value of domestic
inflation rate, spread in international markets, and the calibration of parameters that enter the
representative firm’s and the representative bank’s problem, an assumption about rD dictates the
steady state capital/output ratio and vice versa. Reliable capital stock and hours data do not
exist for Turkey. However, the calibration of rD as explained above together with the steady state
assumptions made so far imply a capital output ratio of 2.6, which is close to estimates found in
Nehru and Dhareshwar (1993). As an outcome of the same lack of data, it is not possible to calculate
Solow residual from capital stock and hours series. As a result, parameters of the shock process ρ
and σ2

υ are calibrated so that the model can mimic actual persistence and standard deviation of
GDP within the sample period. The adjustment cost parameter φ is calibrated so that the model

8Sample period is restricted in this way to exclude recent disinflationary period.
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can generate observed investment volatility in data. The parameter of the risk premium function
ψ is set to a value very close to 0 but still ensuring a stationary solution.
The Leontief parameter ω determines the curvature of the amount consumed from each good

ct (j) as a function of size. Assumption that ω = −1 implies that this function is linear. As seen in
figure 1, the function ct (j) is concave for |ω| < 1; i.e, the consumer has inclination towards smaller
purchases, and convex for |ω| > 1; i.e., the consumer has inclination towards larger purchases.
As we do not have a reference in the available data as to which curve in the figure is the most
appropriate, I follow Henriksen and Kydland (2009) and set the Leontief parameter ω equal to
−1.5. Without departing much from the intermediate case, i.e., ω = −1, the baseline value of
−1.5 assigned to ω improves the model’s performance somewhat in mimicking the business cycle
properties of the monetary variables. The value of ω affects the welfare cost of inflation to some
extent but the difference it makes is small.
The relative risk aversion parameter, χ, is set to 2 as usual. The fraction of time allocated to

leisure is set to 0.67. The utility parameter ξ is set accordingly. Intertemporal elasticity in labor
supply is set equal to 2.2 as in Mendoza (1991). This implies that θ = 1.455.

Parameters of the liquidity aggregator are hard to calibrate. First, no data exists about the
amount of foreign currency held by the public. Until reliable data is available, I will follow the
literature and approximate the share parameter in the liquidity aggregator, γ, with the share of
foreign currency denominated deposits in total deposits in the Turkish economy within the sample
period, namely, 0.43. The other parameter in liquidity aggregator (26), ζ, governs the elasticity of
substitution between foreign currency and deposits, ε, as below:

ε =
1

1− ζ (27)

In other words, the two assets become perfect complements for ζ → −∞, and perfect substitutes
for ζ → 1 in the limit. For ζ → 0, elasticity of substitution between foreign currency and deposits
is 1 and the aggregator takes the Cobb-Douglas form. In the baseline calibration, it is assumed
that ζ is infinitesimally close to 0. See discussion below, for cases where two assets are assumed to
be close to being perfect substitutes and complements.
Calibration of parameters is summarized in table 1.

4 Model’s performance

Matching the data moments is not the main purpose of this study. I present the results of the
model simulation to argue that the model I will use for analyzing the welfare cost of inflation in
the presence of currency substitution is a plausible one. A summary of the outcome of the model’s
simulation is presented in table 2. In the simulation, the monetary policy is kept simple such that
the deviation of the monetary base growth rate from its steady state value, g̃t, is assumed to be an
autoregressive process:

g̃t = ρmg̃t−1 + υm,t υm,t ∼ N(0, σm)

Parameters ρm and σm are estimated from Turkish data within the sample period as 0.3710 and
0.0358 respectively.
As seen in table 2, the model captures the correct sign for the correlation coeffi cient between each

variable and GDP. On the other hand, the variability of monetary base and M1 is overestimated
by the model. Also, the correlation between foreign currency holdings and income that the model
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yield is positive contrary to the data. However, as mentioned before, the empirical counterpart of
model’s foreign currency holdings is a very rough approximation.
Overall the model can represent the workings of the actual macroeconomy in a plausible way.

On these grounds, the model is used to analyze the welfare gain from reducing inflation in the
rest of the paper. It can be shown that the model’s implications about the cyclical properties of
real variables stay unchanged along a variety of monetary policy processes governing the growth
rate of money9 . Therefore, as in Cooley and Hansen (1989) and Henriksen and Kydland (2009),
uncertainty is ignored in the welfare cost analysis that follows.

5 Welfare cost of inflation

5.1 Welfare cost function

Welfare cost of inflation is a function Γ of the inflation rate characterized by the equation below:

U [(1 + Γ) c̄ (π) , l (π)] = U [c̄ (π̂) , l (π̂)] (28)

Above, a hat on a variable denotes the steady state value of the variable under the baseline
inflation rate. Therefore, the welfare cost of inflation is defined as the consumption compensation
that needs to be made to the representative agent under different inflation rates so that the same
utility level as under the baseline inflation rate can be obtained. In terms of the utility function
used in this paper (equation (25)), Γ (π) as implied by (28) is the following:

Γ (π) =
c̄ (π̂) + ξ

θ

[
(1− l (π))

θ − (1− l (π̂))
θ
]

c̄ (π)
− 1

In order to calculate Γ (π) using the expression above, the values of c and l, and the values of
those parameters that are pinned down are obtained under the baseline net inflation rate, namely
69%. Once the set of parameters and c (π̂) and l (π̂) are obtained, inflation rate is varied and the
resulting values c (π) and l (π) are used to calculate Γ (π). In order to focus on the effects of different
inflation rates on leisure and consumption in particular, trade balance to GDP ratio is fixed across
different inflation rates.

5.2 Specification of the benchmark elasticity of substitution

As discussed in section 3 above, and similar to the strategy in Freeman and Kydland (2000) and
Henriksen and Kydland (2009), I let the model tell what the values of time cost per replenishment,
κ, and the cost of using deposits and foreign currency in purchases, τ , are by fixing the local
currency/consumption and domestic deposits/consumption ratios to their sample averages at the
steady state. As a result, our assumption about the baseline value of the unobserved elasticity of
substitution parameter, ζ, is critical for the welfare cost function we obtain at the end.

Under the baseline calibration, where the elasticity of substitution is set to 1, the cost of using
deposits and foreign currency for purchases amounts to 0.55 percent of GDP, and the households

9These results are available from the author upon request.
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spend roughly 11 minutes per day on arranging their financial portfolio10 . Figure 2 displays the
resulting welfare cost function depicted as a percentage of the baseline consumption level, i.e.,
[Γ (π) c (π)] /c (π̂) ∗ 100. The baseline calibration of the model yields a welfare gain of 2.58 percent
from disinflation from 100 to 0 percent and a welfare gain of 0.80 percent from a disinflation from 10
to 0 percent. For comparison, Cooley and Hansen (1989) find that the welfare gain from reducing
the inflation rate from 100 percent to 0 is about 3.9 percent and from 10 percent to 0 is about 0.38
percent in terms of consumption compensation relative to consumption at −4%. The protection
to the households provided by currency substitution and the inside money makes the welfare cost
function flatter for high inflation rates, and the firms’working capital needs makes the welfare
cost function steeper for moderate inflation rates, compared to Cooley and Hansen (1989)11 . The
curvature of the welfare cost function in this way implies that there may still be significant welfare
gains to exploit from disinflating the economy even when the inflation is decreased from high rates
to moderate and low rates.
As this paper builds on Freeman and Kydland (2000) whose model is used by Henriksen and

Kydland (2009) to assess welfare cost of inflation, the findings of the latter are the most comparable
to my results. Henriksen and Kydland (2009) report in their paper a welfare gain as small as about
0.6% from a disinflation from 100% to 0%, less than one-fourth of what I obtain. Partly, this is an
outcome of the fact that the cost parameters τ and κ are calibrated to higher values here. For a
given size of the banking sector, financial costs implied by the model are higher when the benchmark
economy is characterized by a higher inflation rate, a higher level of currency substitution, and firms
with larger working capital needs12 . Nevertheless, the large magnitude of baseline financial costs
are not solely responsible for the higher welfare costs13 . This is because the firms in the model need
to finance some of their working capital needs from domestic markets. But as the foreign currency
whose return is not prone to inflationary pressures is available to households, and it is much less
costlier to hold it compared to the baseline economy, households are convinced to deposit in the
domestic banks only for a higher deposit rate, which is translated into a higher interest rate spread
through banks’optimization for a given rate of inflation. Because the real interest rate spread is
the net cost of loans for the firms, welfare cost of inflation still remains high even when the financial
costs are small. Indeed one has to shut down currency substitution and working capital features
together and set the benchmark inflation rate to a low value to obtain a flat welfare cost function
similar to what Henriksen and Kydland (2009) find (See figure 3).
Next we consider different benchmark economies with different elasticities of substitution be-

tween foreign currency and domestic deposits, ε. Figure 4 depicts that the welfare cost of inflation
is higher especially for moderate levels of inflation when the cost parameters are pinned down under
a higher ε. In fact, the welfare cost function becomes extremely steep for lower inflation rates and
thus the welfare gain from disinflation to 0 percent from baseline inflation rate turns out to be
extremely large compared to Cooley and Hansen (1989), Lucas (2000), and Henriksen and Kydland
(2009) when ε is increased to 2 ceteris paribus. More substitution between the currencies leads to
10These costs, especially the latter, are high, but not implausible for middle and low income economies. Among

other studies, Özbilgin (2010) documents that dealing with the financial markets is much costlier in less developed
countries which are usually marked by some degree of currency substitution.
11 In another seminal study, Lucas (2000) estimates that welfare gain from reducing the inflation rate from 10% to

0 is equivalent to an increase in real income of about 0.8%. The comparable estimate I obtain is 0.6%.
12 If the unobserved cost parameters τ and κ are interpreted as two parameters that characterize the money demand

function, the calibration strategy I and Henriksen and Kydland (2009) adopt is similar to what Lucas (2000) does
by estimating the underlying money demand function to calculate the resulting welfare cost function.
13 Indeed feeding Henriksen and Kydland (2009) level of τ and κ into the baseline calibration yields a welfare gain

of 1.64% from reducing inflation from 100 percent to 0 percent.
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households demanding more of the foreign currency at the baseline inflation rate. As the size of
the banking sector is fixed when the benchmark economy is specified, a higher value of τ and κ are
called for in order for the model to clear14 . Consequently, as shown in figure 5, the cost of replen-
ishing the balances and transaction costs are higher in economies with higher baseline elasticity of
substitution. An indirect but significant outcome of high financial costs is that the households in
the economy optimally choose to make less number of trips to the financial markets. As a result, on
average higher amounts of foreign and domestic currency are held in the high substitution economy.
Especially at lower inflation rates, when holding foreign currency is not as attractive, households
end up with too much average domestic currency holdings at their hands. Consequently, the op-
portunity cost of holding domestic currency becomes very large for lower inflation rates compared
to the baseline economy.

5.3 Quantitative Experiments

Once the benchmark economy is characterized and the cost parameters τ and κ are pinned down
as in table 1, the model can be used for assessing the interaction of the welfare cost of inflation and
the level of currency substitution for a given level of financial development proxied by τ and κ. The
main result of this section is that the currency substitution is not necessarily welfare enhancing.
The reason is that there are several factors that lead to welfare cost of inflation which are affected
differently by the presence of currency substitution in the economy. First of all, inflation creates an
opportunity cost for holding real balances. The presence of currency substitution mitigates these
opportunity costs immensely, especially when the inflation is at high rates as the opportunity cost
of holding foreign currency is much smaller under baseline calibration compared to opportunity
costs of holding domestic currency and deposits. Second, higher inflation rates induce households
to visit financial markets more frequently to replenish their balances for holding smaller average
balances, which are like hot potato in their hands. This in turn leads to lower hours worked,
output, capital, and consumption. Under currency substitution, households make fewer trips to the
financial market than otherwise. However, holding foreign currency brings about a cost too. With
currency substitution, households are induced to choose a lower cutoff purchase size, j̄. Therefore,
the deadweight loss associated with using foreign currency and deposits is higher. Besides, prevalent
currency substitution leads to substantial decline in government’s seigniorage revenue. Lastly, firms’
working capital needs and the workings of the financial market result in a rather convoluted way
through which currency substitution exacerbates the welfare cost of inflation. The availability of
foreign currency drives the real interest rate spread in the economy higher. Facing a higher net
cost of borrowing, firms cut factor demands, leading to a lower output, capital, and consumption.
This last effect is greater, when firms’working capital needs are large, when foreign borrowing
opportunities are scarce, and when currency substitution is widespread.
Depending on whether its favorable or unfavorable consequences dominate, the ultimate impact

of currency substitution on the welfare cost of inflation is therefore uncertain in general. I find that
for high inflation rates, currency substitution mitigates the welfare cost of inflation. However, the
same conclusion cannot be reached for moderate and low inflation rates. From a practical point of
view, this exercise tells us that the potential welfare gains that can be extracted from reducing the
inflation rate from moderate levels to low inflation rates can be higher for economies with a history

14 Indeed, for an elasticity of substitution of 2, the financial costs implied by the model are extremely high such
that the average household spends 40 minutes per day and incur transaction costs amounting to 2.41 percent of GDP
in order to arrange their financial portfolio.
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of currency substitution.
Figure 6 demonstrates the effect of shutting down the currency substitution and then both the

currency substitution and firms’foreign borrowing in the baseline economy. The mitigating effect
of the currency substitution at high inflation rates no longer exits and the effect of increasing spread
on firms takes over making the welfare cost function steeper for high inflation rates. When we shut
down firms’ foreign borrowing, the spread becomes more responsive to the inflation rate as the
firms now resort to domestic markets exclusively for their loan demand. Consequently the welfare
cost function rotates up even more for higher inflation rates. However, one can infer a different
side of this story by looking at the impact of shutting down currency substitution from a different
perspective. In the lower panel of figure 6, I present the welfare gain from disinflation to zero per
every level of the inflation rate under each economy. The figure shows that the welfare gain from
disinflation is higher under the baseline economy than the no currency substitution economy for
moderate and low inflation rates.
The fact that the currency substitution is not necessarily welfare enhancing is best seen when we

calculate the consumption compensation that is necessary to make a household in the no currency
substitution economy indifferent to being in the currency substitution (baseline) economy. As seen
in figure 7, currency substitution leads to a higher welfare for households when the inflation rate
is very high. But for inflation rates lower than about 55 percent, currency substitution does not
improve the households’position vis-à-vis the inflation tax enough to compensate for the higher
cost of domestic loans to the firms and the higher deadweight losses associated with holding foreign
currency and therefore decreases the welfare of the households.
A similar story applies when we let currency substitution exist to some extent by tilting the

elasticity of substitution between the foreign currency and the domestic deposits. Figure 8 shows
that letting the two assets to be more substitutable mitigates the welfare cost of inflation for high
inflation rates. However, as seen in the lower panel of the figure there are ranges along moderate
inflation rates where currency substitution is welfare decreasing.
These arguments are summarized in figure 9 where I present the opportunity cost of holding

deposits, (rK + 1− δ− rD)DP , opportunity cost of holding domestic currency,
(
rK + 1− δ − 1

π

)
M
P ,

the cost of domestic loans to the firms,
(
rL − rD

)
L
P , and the transaction costs resulting from

holding domestic deposits and foreign currency, τ (1− j̄) as a percentage of real GDP. As seen in
the figure, currency substitution decreases the opportunity cost of holding deposits and domestic
currency especially for high inflation rates as households now can hold an asset that they can use
for purchases and whose return is independent from domestic inflation. However, in the presence of
currency substitution now it is harder for the banks to collect deposits from households and we end
up in a higher deposit interest rate which is translated to a higher spread through equation (22). As
a result, the cost of domestic loans to the firms is higher. For high inflation rates, this unfavorable
impact of currency substitution on firms and the resource losses associated with holding foreign
currency and deposits are compensated by the increasing welfare of households through much lower
opportunity costs. But this is not true for moderate inflation rates as we can observe from figures
6 and 8.

6 Conclusion

After decades of sustained high inflation rates, many countries managed to bring their inflation rates
to moderate and low levels. This paper builds a dynamic general equilibrium model with currency
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substitution, a banking sector, and working capital to assess the welfare gains from reducing inflation
in the presence of currency substitution. The model has the unique feature that the households
substitute between foreign currency and the less liquid, interest earning components of the domestic
monetary aggregate. Consequently, the model yields the result that foreign currency is used for
bigger purchases endogenously, while some amount of domestic currency is held even at very high
inflation rates.
Under the baseline calibration where the baseline elasticity of substitution between foreign

currency and domestic deposits is equal to 1, the welfare gain from reducing inflation rate from 100
percent to 0 is about 4.3 times higher than what is obtained by Henriksen and Kydland (2009), to
which this paper is closely related to. When the two assets are assumed to be highly substitutable
in the baseline economy, the welfare cost of inflation can be very high compared to the findings
of earlier studies taken to be benchmarks in the literature, Cooley and Hansen (1989), and Lucas
(2000), especially for moderate levels of inflation. The main reason behind this result is that we
observe higher costs in economies that involve firms with large working capital needs and a high
degree of currency substitution.
This paper lays out several sources of welfare costs of inflation which are affected in opposite

directions by currency substitution. The natural outcome of this result is that the currency sub-
stitution is not necessarily welfare increasing even in a representative agent setting. The presence
of firms with working capital needs in an economy with currency substitution is the key in obtain-
ing this result. The availability of the foreign currency provides the households an opportunity to
protect themselves from high inflation rates. Nevertheless, through the workings of the banking
sector, currency substitution hurts firms and distorts factor demand and production decisions. It
is found that the currency substitution leads to lower welfare costs when the inflation rate is high,
but results in higher welfare costs of inflation when the inflation rate is at moderate to low levels.
The practical implication of this result is that the potential welfare gains from disinflation from
moderate rates is higher for economies that experience currency substitution.
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Table 1: Baseline Calibration

Parameter Description Value
χ Coeffi cient of relative risk aversion 2
θ Intertemporal elasticity of substitution in labor supply 1.455
ω Leontief utility parameter −1.5
ζ Substitution parameter in liquid assets aggregator 1e−8

γ Share parameter in liquid assets aggregator 0.43
δ Annual rate of depreciation 0.10
α Share of capital stock 0.36
η Share of foreign borrowing for the firms 0.25
Ξ Share of total costs needed to be paid in advance 0.44
r∗ Annual return on firms’foreign assets 1.014
WR World annual real interest rate 1.04
% Reserve requirement ratio 0.13
φ Coeffi cient of the adjustment cost function 0.096
β Subjective discount factor 0.9902
ξ Labor supply scale parameter 3.9248
τ Transaction cost 0.0127
κ Asset market trip cost 0.0019
ψ Coeffi cient of risk premium function (households) 9.2e−5

ρ Persistence of the productivity shock 0.8
σz Standard deviation of the productivity shock 0.0169
ρη Persistence of the foreign borrowing shock 0.3960
ση Standard deviation of the foreign borrowing shock 0.2065
Υ Transmission of foreign borrowing shock 0.614
ρm Persistence of the monetary shock 0.3710
σm Standard deviation of the monetary shock 0.0358
π∗ Gross foreign inflation rate 1.02

20



Table 2: Simulation results

Variable σi ρi,y
Data Model Data Model

y 3.72 3.72 1.0000 1.0000
c 3.10 2.28 0.8869 0.9998
x 11.08 11.08 0.8133 0.9495

tb/y 3.54 1.07 -0.7248 -0.5991
M 7.80 26.73 -0.1303 -0.1680
M0 5.85 5.72 -0.0463 -0.0010
M1 7.34 14.30 0.1541 0.1545
eQ 18.43 7.55 -0.0888 0.2960

PDtot 14.76 17.25 0.2338 0.1595
π 5.77 5.33 -0.2470 -0.0575
P 5.90 6.43 -0.4496 -0.1187
e 13.28 6.43 -0.6618 -0.1187
ε 8.97 5.30 -0.3209 -0.0575
Rt 3.18 4.94 -0.0939 -0.0467

Figure 1: Purchase size and ω
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Figure 2: Welfare cost of inflation as a percentage of baseline consumption
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Figure 3: A flat welfare cost function
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Figure 4: Baseline elasticity of substitution and the welfare cost
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Figure 5: Costs related to money balance decisions under assumptions of low and high substitution
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Figure 6: Currency substitution, foreign borrowing, and the welfare cost
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Figure 7: Welfare compensation, currency substitution vs. no currency substitution
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Figure 8: Elasticity of substitution and the welfare cost
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Figure 9: Opportunity costs, transaction costs, and cost of loans
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