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Abstract

We develop a small open economy general equilibrium model with sticky prices and partial
dollarization - a situation where both domestic and foreign currencies coexist. We derive a
tractable representation of the model in terms of domestic inflation and the output gap in
which a trade-off, which depends on the degree of dollarization, arises endogenously due to
the presence of foreign interest rate shocks. We use this framework to show analytically how
higher degrees of dollarization induce larger volatilities of the output gap and inflation, thus
hampering a central bank’s effectiveness in stabilizing the economy. Our impulse-response
functions show that the transmission of such shocks has a positive (negative) effect on inflation
and negative (positive) effect on the output gap when money aggregates and consumption
are complements (substitutes). We also show that a standard Taylor rule guarantees real
determinacy of the rational expectations equilibrium. Finally, we demonstrate that a higher
degree of dollarization reduces the determinacy region when the overall money aggregate and
consumption are substitutes.
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1 Introduction

One of the central issues in emerging economies is the idea of replacing the domestic currency
with the US dollar. There is not a unique position in this debate with arguments found for and
against dollarization. Recent research has focused on analyzing extreme cases, either complete
dollarization or an economy with only domestic currency (examples are Chang and Velasco, 2001;
Cooley and Quadrini, 2001; and Schmitt-Grohe and Uribe, 2000).

In some developing countries foreign currency is legally used and it is difficult to persuade
agents not to hold it. This is the case of a ’partially dollarized economy’ where foreign currency
can be demanded not only as a deposit of value but also as a medium of payment (commonly
known as transaction dollarization or currency substitution). Some other forms of dollarization
can be identified. For instance, it is common that transaction dollarization is accompanied by
financial dollarization, price dollarization and vice versa, although to varying degrees.

The Peruvian economy is usually taken as a case study since it is one of the most highly
dollarized economies among emerging market countries that target inflation. Armas, Batini and
Tuesta (2006) discuss the difficulties of implementing an independent monetary policy aimed at
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price stability through IT under financial, real and transaction dollarization'. Figure 1 below

describes the importance of different types of dollarization for the Peruvian economy.
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Figure 1: Degree of Transaction, Real and Financial Dollarization in Peru, 2006

(From Armas, Batini and Tuesta 2006)

Dollarization of financial assets in Peru is by far the most important form of dollarization
(50-60 percent). Transaction dollarization is less strong but still very important (40 percent).

Figure 1 uses the percentage of dollar-denominated private debt and the percentage of cash and

'See Armas, Batini and Tuesta (2006) for a description of the main channels through which partial dollarization
hampers the trasnmission mechanism of monetary policy.



check payments made in dollars as a proxy measure for transaction dollarization?. Given the non-
negligible importance of transaction dollarization, developing an analytical framework to explore
its implications for monetary policy will be useful for central bankers that operate in such an
environment.

Partial dollarization may not be an optimal regime but the costs of dollarizing or dedollarizing
can be substantial in the short run. It is therefore important for central banks to understand
the constraints they face when operating in a dual-currency environment. Policy makers are
aware of some of the constraints faced by central banks when conducting monetary policy in
these economies. As described in the 2000 edition of the IMF’s World Economic Outlook, in a
partially dollarized economy ”... a significant constraint on monetary policy discretion is imposed.
Not only is the monetary authority given control of a smaller share of the money supply but also
this share can rapidly shrink (via currency switching) if credibility of domestic policies falters.”
But there is little analytical work in the literature to inform how a central bank should behave
in order to overcome such limitations.

This paper seeks to provide such an analytical framework by studying monetary policy in a
general equilibrium open economy model where both local and foreign currencies are demanded
for transaction purposes in the home economy. We use this framework to assess qualitatively and
quantitatively the extent to which higher degrees of dollarization rise the volatility of inflation
and output, making the central bank less effective in stabilizing these variables. The paper
also seeks to explore the transmission mechanism of shocks to foreign interest rates -a common
and sometimes destabilizing shock in developing economies. The impact of foreign interest rate
shocks are important in driving business cycles in the Peruvian economy as reported by Castillo,
Montoro and Tuesta (2006). For example, these authors find that foreign disturbances (shocks to
foreign interest rates and to the uncovered interest rate parity) account for 34 percent of output
fluctuations in the Peruvian economy?.

Hence, we develop a general equilibrium open economy framework in the spirit of Clarida,
Gali and Gertler (2001 and 2002, hereafter CGG), Gali and Monacelli (2005, hereafter GM) and
Benigno and Benigno (2003), allowing for partial degrees of currency substitution. We motivate
partial dollatization by including a composite of both foreign and domestic currency in the utility

function of the generic household in the home economy.* The composite is not separable from

2This percentage approximates the share of transactions in dollars relative to total transactions by combining
data on (i) ATM dollar withdrawals; (ii) dollar checks; (iii) dollar interbank transfers; and (iv) direct debits in
dollars,

3 Castillo, Montoro and Tuesta (2006) estimate a DSGE model with partial dollarization using Bayesian tech-
niques and Peruvian data.

4Partial dollarization can also be motivated using shopping-time models and cash in advance models, but at the
expense of tractability that we obtain with our money-in-the-utility-function setup. For instance Castillo (2006)
model currency substitution by adding transaction frictions in a cash in advance model.



consumption. We derive a tractable linearized model that embeds the extreme cases of high
dollarization -defined as a very high preference for foreign currency- and low dollarization in the
domestic economy.”

In order to obtain a tractable model we employ a two-country specification. We then explore
the dynamic properties of the model in the limiting case that the size of the domestic economy is
small.® In order to illustrate the inner-workings of the model we evaluate analytically the uncon-
ditional volatility of its key variables following a foreign interest rate shock for various degrees of
dollarization. The key insight is that treating money aggregates as a composite of consumption
introduces a short run trade-off between the stabilization of inflation and the output gap, thereby
making the flexible price allocation no longer attainable. Moreover, such policy trade-off arises
endogenously without considering an exogenous cost push shock due to the presence of exogenous
shocks to the foreign interest rate.” Therefore, the monetary authority cannot stabilize output
and inflation simultaneously. This trade-off is affected by the degree of dollarization. Further-
more, our canonical and tractable model also allows us to evaluate whether a standard Taylor
rule guarantees real determinacy of the rational expectations equilibrium. We not only find that
such a rule delivers real determinacy, but also that the determinacy region is reduced for higher
degrees of dollarization. This is a novel result.

Our simulations and analytical results of the canonical model show that macroeconomic volat-
ility increases for higher degrees of dollarization, thus making it more difficult for central banks
to stabilize the economy. Interestingly, the transmission mechanism of a positive foreign interest
rate shocks might have a positive (negative) effect on inflation and a negative (positive) effect on
output when money aggregates and consumption are complements (substitutes). The intuition
for the case when goods are complements is as follows: an increase in foreign interest rates reduces
the demand for foreign currency, leading to a fall in the demand for the overall money aggregates.
If money and consumption are complements the marginal utility of consumption is increasing in
real money balances, then it follows that the marginal utility of consumption falls after the shock.
Given a standard labour supply relationship, real wages and inflation rise. Finally, the output
gap decreases as a result of the trade-off .

Our model results in a formulation of the marginal utility of consumption (MUC) that cru-

cially affects the transmission mechanism of exogenous shocks in our setup. The MUC depends

>To perfectly characterize a fully dollarized economy an optimal price setting in foreign currency must be
considered. This analysis escapes the scope of this paper since our objective is to factor in the effects of dollarization
that stems from currrency substitution.

®Gali and Monacelli (2005) build a small open economy setting by assuming that the world is populated by a
continuum of identical small open economies. Our model, differs from theirs in the sense that we are starting from
a two-country general equilibrium framework.

"Clarida, Gali and Gertler (2001 and 2002) assume the presence of an exogenous cost push shock in order to
generate the tradeoff between inflation and output gap.



not only on consumption but also on both foreign and domestic interest rates where their relative
weights are functions of the ratio of foreign currency in the total money aggregates, which in
turn depend on the degree of preference for foreign currency. A higher degree of preference for
foreign currency reduces the effect of the interest rate on the MUC and therefore consumption
and output drop further in response to any shock. This reveals the fragility of monetary policy
in a partially dollarized environment.®

The paper is organized as follows. Section 2 outlines a general equilibrium model that allows
for currency substitution in the domestic economy by introducing a composite of both domestic
and foreign currency. We also describe how the optimality conditions and the international risk
sharing condition change. In section 3 we present the equilibrium; simulate the loglinear version
of the model; and calculate analytically the unconditional moments as well as the determinacy

conditions. Finally, section 4 concludes.

2 The Model

We consider a two country open economy model with imperfect competition and nominal price
rigidities along the lines of Obstfeld and Rogoff (1995), Clarida, Gali and Gertler (2002) and
Benigno and Benigno (2003). In contrast, we give money a role in the model by introducing a
money aggregate (composed of both local and foreign currency) as a composite of consumption
for the home country?. We allow for tradable goods only, home bias and a complete asset market
structure. In order to treat the home economy as small and open, we eliminate the effect of home

variables on the foreign economy, as in Sutherland (2002).

2.1 Households

The model follows CGG (2002), Beningno and Benigno (2003) and Benigno (2004). The world
size is normalized to unity. The are two countries, home and foreign. The population in the home
country lies on the interval [0,n], while in the foreign economy it lies on the segment (n,1]. A

generic agent h belonging to the home economy is a consumer of all the goods produced in both

8There is now lengthy literature for small open economies that show that dollarization of liabilities affect the
aggregate demand through balance sheets effect (debt denominated in either domestic or foreign currency). Some
prominent examples include: Gertler, Gilchrist and Natalucci (2003), Christiano, Gust and Roldos (2004) and
Céspedes, Chang and Velasco (2004). In contrast with these studies, our setup we affect both aggregate demand
and aggregate supply by the effect of currency substitution over the MUC.

% As shown in Castillo, Montoro and Tuesta (2006) this formulation is supported by the Peruvian data.



countries H and F. Preferences of the generic household h in country H are given by
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E; denotes the expectation conditional on the information set at date ¢, and 3 is the intertem-
poral discount factor, and o and v > 0 represent the coefficient of risk aversion and the inverse of
the elasticity of labor supply, respectively. w > 0 captures the degree of complementary or sub-
stitutability between consumption and the overall money aggregate. This parameter will become
important later on since it will capture the effect of money over the labor supply and consequently
over the aggregate supply equation. To the extent that o = 1, when w > 1, the marginal util-
ity of consumption is decreasing in real money balances ng < 09, Therefore, higher interest
rates along with the associated reduction in real balance holdings, increase the marginal utility of
consumption, hence the overall money aggregate and consumption are substitutes. On the other
hand, when 0 < w < 1, the marginal utility of consumption is increasing in real money balances
UgZ > 0 and therefore the overall money aggregate and consumption are complements''. The
parameter 0 < b < 1 is the weight of consumption in the consumption-money aggregate; x > 0
represents the elasticity of substitution between domestic and foreign currency; and 0 < v < 1
is the preference for domestic currency within the overall money aggregate. Agents get utility
from consumption C* and from holding both domestic and foreign real money balances, MTEh and

h
Stlgt , respectively. The household also supplies hours of work, L?.

The novelty in this formulation is the definition of the money aggregate Zth_H- as a CES com-

posite of real domestic and foreign money balances!?. When the weight of domestic money, v,

""Note that Ucz = (222)b(1 —b) (ZC’)MT_l*1 Aif (£=2¢) > 0 consumption and money aggregates are comple-
ments. For the particular case when o = 1 the condition simplifies to % —1>0. Thenif 0 <w <1 C and Z are
complements, on the contrary if w > 1 consumption and the overall aggregate are substitutes Ucz < 0.

"'See Woodford (2003) chapter 2 for a brief discussion related to the consequences of nonseparable utility function
and price determination.

12Notice that money shows up in both the budget constraint and in the utility function. In our model the mon-
etary distortion is taken to be non-negligible or non trivial. Morever, non-separability between money aggregates
and consumption, guarantee a role for money even if monetary policy actions are defined in terms of an interest



equals 1 the model collapses to an open economy with no foreign currency used for transactions
(no dollarization) in the home economy. Similarly, when v = 0, only foreign currency is used for
transactions, implying full dollarization'?. Standard models for open economies implicitly assume
that there exist tight legal restrictions which prevent a country’s resident from using foreign cur-
rency for domestic transactions. However, in economies which have experienced hyperinflations
it is difficult for the government to persuade their citizens to use only domestic currency for
day-by-day transactions!?. Moreover, even in the presence of legal restrictions, agents often hold
and use foreign currency. Obstfeld and Rogoff (1996) motivate the idea of partial dollarization
by introducing a composite of foreign and domestic money in the utility function that tries to
capture the existence of those legal restrictions'®. We assume that there are no legal restrictions
for holding foreign currency as it is the case in developing countries such as Peru, Bolivia and
Uruguay. In these economies there are no restrictions to hold foreign currency. Moreover, foreign
currency is used for day-by-day transactions. Therefore, it seems plausible to include both foreign
and domestic currency as a CES aggregate in the utility function'®. Furthermore, the advantage
of considering this specification is that it allows us to endogenously pin down the dollarization
ratio in the steady state.

A generic household of the foreign country obtains utility only from consumption C} and

supply labor Lj

B BUI(Cr, L7 (4)
i=0
x 1-0 * v
Ul = t+i . Lt+i(1+ : (5)
tti l1—0 14+wv

We define C; as the consumption index in the home country with partial dollarization.

rate feedback rule.

13Note that when b = 1, the model is similar to the small open economy version presented by Clarida, Gali and
Gertler (2001).

“Even with low inflation levels, agents still demand foreign currency not only as an mean of exchange but also
as deposit of value.

15Obstfeld and Rogoff (1996) assume a quadratic form as they consider an economy with legal restrictions in

holding foreign currency. The form they consider is ao (%) -4 (%)2 where the second term measures the
evasion costs of the legal restrictions.

16 A model with transaction technology with shopping time and real money balances in both foreign and domestic
currency would be another possibility at the cost of losing tractability. See Brock (1974) for an earlier use of
shopping-time model to motivate a money-in-the-utility function approach. The advantage of the way we impose
currency substitution is that it delivers a more tractable model. Other approaches to give rise to a valued role for
money are suggested by Kyotaki and Wright (1993) by imposing that direct exchange of commodities is assumed

to be costly, but there is a fiat money that can be treated as costlessly for commodities.



We define the consumption index as

Cr = [(1 - N7 (Ch) Y (ch) 991] o , (6)

where 0 is the elasticity of substitution between home and foreign tradable goods and Cy and
Cry are two sub-indices that refer to the consumption of home produced and foreign goods.
The parameter that determines home consumers’ preferences for foreign goods, A, is a function
of the relative size of the foreign economy, (1 —n), and of the degree of openness, v, That is
A=(1—-n)~.

The corresponding consumption index for foreign households is given by,

_6
o o—1

Ci = [(1= N3 (Chre) T + XNF(Ch) T | (7)
where 1 — \* = ny
As in Sutherland (2002), 1 — A accounts for the degree of home bias in domestic consumption

Notice that v = 0 implies a completely closed economy. The indexes Cr, ( Cry), Cr( Cry)

are home (foreign) consumption of the differentiated products produced in countries H and F,
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where € > 1 is the elasticity of substitution across goods produced within a country. In this
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context, the general price indexes that corresponds to the previous specification are given by

1

P = {(1 — AN (Pu)t0 + A(Ppﬂg)l*ﬂ o (10)

1

Py = [0 A a0 ()

(1 — X) and A\* are parameters that capture the degree of home bias in preferences in each country,
respectively. As in Sutherland (2002) A corresponds to the share of foreign goods in consumption
basket of home agents and it will depend on the share of foreign goods in the total measure

of goods in the world (1 — n) and on the degree of openness 4. v = 0 implies a completely



closed economy.!'” The previous limiting case could be interpreted as if the foreign currency
have complete home bias. C}‘I and Cfé are sub-indexes of consumption across the continuum of

differentiated goods produced in country H and F', and are given by

1 é n 1 ﬁ 1 é 1 1 5571
cz,tz[(n) /chz)sdz] ,cfatz[(l_n> /nct<z>sdz] L)

where € > 1 is the elasticity of substitution across goods produced within a country. In this

context, the general price indexes that corresponds to the previous specification are given by

1
-6
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where Py, ( P} ,) is a price sub-index for home-produced goods expressed in domestic (foreign)

currency and Py (P}J is the price sub-index for foreign produced goods expressed in domestic

(foreign) currency, respectively.

1 1
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Prices are set in producer currency. This assumption implies that the law of one price holds,

Py = StP};t and Pp; = StPEt where S; denotes the nominal exchange rate (the price of foreign
currency in terms of domestic currency). Note, however, that purchasing power parity (a constant
real exchange rate) does not necessarily hold because of the presence of home bias in preferences.
The home-bias assumption allows generating real exchange rate dynamics in a model with only
tradable goods. We define the terms of trade as the price of imported goods from abroad relative
to the price of the exported goods abroad, such that T; = Pp7t/StPI’th = Pr/Pry.

Given the previous definitions we can express the real exchange rate as a function of the terms

1"Unlike GM (2005) and CGG (2002) we rely on a complete general equilibrium structure. As you will see later,
in steady state, v will represent the share of domestic consumption allocated to imported goods, so it could be
interpreted as a natural index of openness. So in this sense (1 — ) is interpreted as the degree of home bias and
the larger this value (smaller ) the closer to a closed economy counterpart.



of trade: 1
1-6 1-071=6
_ Pthy
Q=25 — (15)
_ — 1-6
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dividing the above expression both numerator and denominator by Pp; and taking the limit
when n — 0. Then (1 — \¥) @ — .

T1—0
Qr = ‘ -0
(1 =) +T;

2.2 Optimal Consumption Allocations and Demand

The allocation of demands across each of the goods produced within a given country are given
by

) = ety +eion = (2) T (F1) Tl CEN g
W) = Ct(f)+czk(f):<]jégt)>_e(];it)_e[1)\_nnct+>\*CfQ?] (18)

To portray the small open economy we use the definition of (1 — A) and (1 — A\*) and take the

limit when n — 0. We obtain

ot = (B (P) et (19)

)

i = (0) " () e (20)

From the above equations notice that domestic consumption and the real exchange rate do not

and

affect the world demand.

2.3 Budget Constraint and Asset Market Structure

We assume that households have access to a complete set of state contingent nominal claims which

are traded domestically and internationally'®.We represent the asset structure by assuming a

18 Given this assumption it is not necessary to characterize the current account dynamics in order to determine
the equilibrium allocations.
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complete contingent one-period nominal bond denominated in home currency'”. The household

in the domestic economy with partial dollarization faces a sequence of intertemporal budget

constraints of the form
n_ Wi

C! —ELf}JrHt—TR?—

Mth B Mth—l . Et{ft,t-ﬁ-lBﬁ-l} - Bfl _ D?St - D?_lst
Pt Pt P,

(21)

B,fﬁrl is a nominal random payoff of the portfolios purchased in domestic currency at ¢t. with
§1,1+1 being the stochastic discount factor of nominal payoffs?.
The government’s budget constraint is balanced every period, so that total transfers are equal

to seigniorage revenues: . .
/ (ngf = nfy) an = / TRP'dh (22)
0 0
Once we account for the optimal allocation of consumption and demands, together with the
budget constraint, we can obtain the optimality condition by differentiating the objective function

. h ph MP SeDP . . .
with respect to Ly, By, S and 7, to obtain the following FOCs:

Wt Y
i, = (L ) 2
B Uer = (Lt (23)
Py Ucii1
’ = 24
Pt Ucy €rt1 (24)
. Py
Ucy = (1+1) By 2 BUct+1 ¢ + Uny (25)
t+1
» P S
Ucy = (1+1) By { P ;HﬁUC,tH} + Uy (26)
t+1 Ot
with marginal utility of consumption
1., 1
Ucr =7 C, “b (27)

pe—1 pe=Ll\ w—1
with &, = (b(]t T (1-b)Z, 7 )

19 Given that markets are complete internationally, it does not matter the currency denomination of the securities.
20 Therefore &t.1+1 is the price of one unit of nominal consumption of time ¢ + 1, expressed in units of nominal
consumption at t, contingent on the state at ¢t + 1 being s;11, and given any state s in ¢t. If we define the value of
the portfolio at the end of the period as A:, the complete market assumptions implies that there exists a unique
discount factor &, ,,, of a portfolio with the property that the price in period ¢ of the portfolio with random value

Bt+1 is At = Et [ft,t+1Bt+1]
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marginal utility of domestic real balances can be written as
1
1 A(i_-1 Mh X
Upi =37 " (1-0bwZ, (%) <Pt> (28)
t

and marginal utility of foreign real balances

1
1_, A(i_-1 Dh Y
Va0t (1= )1 — )7 572 ( A&) ’ (29)

Taking conditional expectations to both sides of (24) and letting (1 + i;) denote the (gross)
nominal yield of a one period risk-free discount bond in domestic currency (such that E {gt,t +1} =

(1 +i;)~! is the price of this bond) we can derive the intertemporal home Euler equation®!
. Iz
Ucy = (1+i)E; TﬁUC,t+1 (30)
t+1

2.3.1 International Risk Sharing

Given that state contingent securities are tradable internationally®?, the intertemporal efficiency

condition for the foreign economy is given by

Py Sy Ucs 41
Ptt,_l St-i-l UC’*,t

B = ft,t+1 (31)

then combining the above equation with equation (24) we get:

Ucy Uce
> = kO _— 32
P, S Py (32)

where k, is a function of predetermined variables (see CKM (2002) for details). Using the defin-

ition of the real exchange rate the above expression can be written as

Uc
— k25
Q¢ Uos

(33)

This equation relates consumption at home with consumption abroad via the real exchange rate.

It is worthwhile mentioning that our model delivers a different risk-sharing condition than that

21 The interest rate at home is the price of the portfolio that delivers one unit of home currency in each contingency
that occurs one-period ahead.

22We assume complete markets for simplicity and tractability. For small open economy models with incomplete
markets and stationary net foreign assets see Schmitt-Grohe and Uribe (2001) and Laxton and Pesenti (2003). See
Benigno (2001) and Selaive and Tuesta (2003) for incomplete markets in two-country models.
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in standard two-country models. Notice that given the assumption of non-separability between
consumption and the money aggregate in the home economy, Uc; will be a function of domestic
consumption and both domestic and foreign interest rates. In our model both interest rates play
a key role in explaining the real exchange rate dynamics and consequently the cross correlation
between the relative consumption and the real exchange rate across countries?.

As in the domestic economy, we define the foreign interest rate i} as the price of the portfolio
that delivers one unit of foreign currency in each contingent state next period. Therefore, given

the complete markets assumption we have:

r Sti1
T Ey <§t,t+1 S, > (34)

Combining equations (31) and (34) we can obtain the intertemporal Euler equation for the foreign
country:
-k Pt*
Ucsy = (L+ 1) Er § 55— BUc 141 (35)
t+1
Notice that by combining both home and foreign Euler equations along with equation (32) we

obtain a version of the uncovered interest rate parity condition (U1P) 2%.

1=FE, {@M [(1 +i) — (1+iF) Sgl] } (36)

It is worthwhile mentioning that the UIP holds given the complete asset market structure and it

does not represent an additional equilibrium condition.??

2.4 Relative Demand for Foreign Currency

By combining equation (30) with (25) we get an equation for the demand for domestic money

balances

it
Um t

T, Uc. (37)

23Backus and Smith (1993) find out that the main discrepancy between complete markets models and the data is
that the complete market assumption implies a positive and high cross-correlation between the real exchange rate
and relative consumption across countries, while in the data we observe the opposite. Selaive and Tuesta (2006)
proposed an interesting avenue to explain this anomaly by consideing an incomplete markets model in which the net
foreign position plays a crucial role in accounting for the apparent lack of risk-sharing. Instead, the risk sharing
condition implied by the non-separability utility function suggests another channel through which the anomaly
could be explained without relaying on the incomplete markets assumption.

2 Relaxing this assumption would give interesting results, however, since the main goal of the paper is to derive
a model for a partially dollarized economy, the assumption of completeness is reasonable to get a tractable model.

25The UIP holds even if we have deviations from PPP. In an incomplete markets structure without financial
frictions (also known as the "bond economy”) the UIP will also hold in log linear form. However, we can attain
deviations from the UIP once financial frictions are taken into account, see Benigno (2001).
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on the other hand by combining (35), (26) and (32) we obtain the demand for foreign currency:

-k

Usr = Ucy (38)

t
144f
Note that we can derive a demand for foreign currency from equation (38) and a demand for
local currency from (37). Using the last two equations we obtain the relative demand of foreign

currency with respect to local currency

D?Sf . . _X
5 iy 1414 v
RF, =& _ t 39
! My <1+z';; it 1—1/) (39)
t

Notice that QR—.Ft > 0, which implies that if the opportunity cost of holding domestic currency
aRFt

increases then the relative demand for foreign currency increases, similarly %55+ < 0 which implies
that if the opportunity cost of holding foreign currency increases then the relatlve demand for
foreign currency decreases. Also note that % < 0, the higher the preference for domestic
currency the lower the relative demand for foreign currency. Manipulating expression (39) we
derive the ratio of dollarization, the amount of real foreign currency as a proportion of total real

money aggregates (local and foreign)

it 1+ v \X -1
D, = t 1 4
by [<1+z’;; it 1—u> * } (40)

Notice again that 8RDt >0, 8RDt <0, 8RDt < 0.2,

2.5 Price Setting

The firms’ price setting decision is modelled through a Calvo-type mechanism. We assume that
prices are subject to changes at random intervals. In each period a seller faces a fixed probability
(1 — «) of adjusting the price, independently of the length of the time period before the previous
change. In this model suppliers behave as monopolists in selling their products. The objective
of a home firm selling traded goods is to maximize the expected discounted value of profits®’.

is an employment subsidy that eliminates the monopolistic distortion. Since all firms resetting

20 The derivative gFt can be positive or negative depending on the size of (H_Z 1::” 1:/) JIf (1_?1* 12"’5 1:}) >1
b t
ORFy 7 1+14 v ORF,
then 225t < 0. 1f (i 245 120) < 1 then 225t > 0,
27 kUc(Cirr) P,
S =B Py Uc(Ch)
recursive competltwe equilibrium.

is the stochastic discount factor associated to the first order condition for the
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prices in any given period will choose the same price, we henceforth drop the h subscript.

[e¢]
Mazg, Fiy o 6ol Prsoer (s - MCli )} (41)
k=0
subject to
~ —€
Ptk AN .
Yk (h) = (P D {(1 = )Ck + 70t+kQ?+k] (42)
H b4k btk

where MCJ' = (1 — 1) %. Each firm produces according to a linear technology
t
ye (h) = A{'LY (43)

where A is the country-specific productivity shock at time .
The supplier maximizes (41) with respect to P, given the demand function and taking as
given the sequences of prices {P}'{’t, P},t, P, Cg} fori=H,F.

The optimal choice of ]3t is:

o0
Py = ZakEtgt,t—&-k:Y;H—k [PH,t —

€ n
MO, (44)
k=0

6 —
Finally, Calvo-price setting implies the following state equation for Py,
1— 1— Dl—
PH,tE = aPH,tg—l +(1-a) PH,tE (45)
An analogous expression can be derived for the foreign economy.

2.6 Monetary Policy

For the specification of monetary policy we could consider a rule that embeds different types of

rules. The general form of the interest rate rule is

1+
1+

=V (F,&") (46)

where F' is the set of target variables for the home country, and £;" is a pure monetary shock
reflecting interest rate movements that do not correspond to the endogenous reaction of the
monetary authority to instrumental variables. Monetary shocks can be motivated by assuming
that the central bank sometimes deviates from its own rule, that it makes mistakes implementing

monetary policy, or by assuming that the demand for money is itself stochastic. For simplicity
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we will assume a very simple Taylor type rule in the log-linear case.

2.7 The log-linear version in a limiting case: (n — 0)

In this section, we present a full log-linear version of the model. Appendices A, B, C provide
details of the derivation. In what follows, a variable x; represents the log-deviation of X; with
respect to its steady state, X .

The following equations characterize the equilibrium of the domestic small open economy:

—Uet = —Erucrr1 —ir + (1 —7) Bsmpg 1 + YE:AS (47)

oc; = oEci  —if (48)

4y = —Uct — ocy (49)

Uer = —oc + W [(1—0) i + 05y ] (50)

where ¥ = S(ow — 1)(1 — b1) and by = ﬁ and § = DS/DPSJ{Z/P = 1&{)(/1(;3)3)7)3

b+(1-b)(A2) <™
Parameters b1 and d have been defined in appendix A and B.

THt = Amc; + BETH 141 (51)
where A= (1—a) (1 —af) /a
mey = vygs +oce — (L+v) ap + vty — Y [(1 — 9) i + 075 ] (52)
a=1-7t (53)
tr=ti1+AS, —TH (54)
Yz =0yt + (1 =) ce + v (¢ + 0ar) (55)

Equations (47) -(55) along with the exogenous home-productivity process, the endogenous Taylor
rule at home and an exogenous process for the foreign interest rate characterize the open economy
with partial dollarization. A key equation is u.; = —oc; + U [(1 — §) i + dif] . See appendix B
for details. Note that when b =1, by = 1 = ¥ = 0, the model collapses to a standard small
open economy as in CGG (2001) and GM (2005). The novelties in our setup are the second
and third terms on the right hand side of the marginal utility of consumption. The MUC
now depends on both the domestic and foreign interest rates in addition to consumption. For

example, suppose that o = 1, a positive foreign interest rate shock will reduce both the demand
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for real money balances denominated in foreign currency (| D;) and as a consequence the overall
money aggregate will fall (| Z;). If 0 < w < 1 (consumption and overall money aggregates are
complements, Ucz > 0), after the shock we should observe a reduction in the marginal utility
of consumption. Given the first order condition for labor supply (23), which in log linear form
takes the following form w; — py = vl; — u.4, a fall in the marginal utility of consumption induces
an increase in real wages in equilibrium. This rises firms’ marginal costs and inflation picks
up. This in turn induces a stronger policy response of interest rates, driving down output and
consumption. On the contrary, the marginal utility of consumption rises if consumption and
money aggregates are substitutes, leading to a fall in inflation following an increase in the foreign
interest rate.

Note also that, in this economy, the risk-sharing condition will be affected by the presence of
the foreign interest rate in the MUC, therefore, real exchange rate fluctuations in this particular

economy will inherit the volatility and the persistence of the foreign interest rate®®.

2.8 Interest Rate Rule

We describe monetary policy as a variation of the Taylor (1993) rule, in which the nominal interest
rate responds to expected movements in inflation, reflecting the aim of the monetary authority
to stabilize future inflation rates??3?. This rule is followed by several central banks in emerging

economies. It takes the following form:3!

it =1 + Ve BT 1 + YT (56)

where r}* and x; denote the unobservable natural real interest rate and the output gap respectively.

These variables will be defined in the next section.

28In particular, by combining the risk-sharing condition with the log-linear form of the marginal utility of
consumption we obtain the following risk-sharing condition that relates real exchange rate movements with both
domestic and foreign interest rates: ¢ = o (¢ — ¢i) — W [(1 — §) iy + dif]

The above risk-sharing condition might help explain the apparent lack of risk-sharing observed in the data in
developing economies. Thus, it would be interesting to test the risk-sharing condition implied by the model.

?Laxton and Pesenti (2003) find that Inflation-Forecast-Based rules may perform better in small open economies
than conventional Taylor rules.

30In the Peruvian economy since the adoption of a fully-fledge IT regime in 2002 monetary monetary has been
targeting the interbank lending interest rate. Before that period the central bank was implementing its monetary
policy by targeting money aggregates. As a result of the change in the policy instrument, there has been a
significant reduction in the mean of key nominal variables.

31 Given that this rule has been used for a relatively short period of time (approximately five years), we decided
not to estimate the parameters of the equation for the calibration exercise.
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3 A Tractable Representation of the Model

3.1 A Tractable Representation of a Partially Dollarized Economy

In this section we manipulate our model to deliver a simple and tractable representation similar
to that in CGG (2001, 2002) and GM (2004). The log-linearized equilibrium dynamics can be
expressed in terms of the output gap and domestic inflation. This representation provides us with
the basis to obtain analytical solutions and some insights regarding the endogenous trade-off.
Let yj; , be the log of the natural level of output, defined as the level of output that arises with
perfectly flexible prices and no cyclical distortions in the labor market (i.e. mc; = 0). Therefore

Ty = YHt — y}}l’t is our measure of output gap.

3.1.1 Aggregate Supply in Gaps and the Endogenous Trade-off

In order to obtain the natural level of output we combine the risk-sharing equation (49) with
(50) which leads to

1 G
¢ =c; + (e (1 —9)i + d3f] . (57)

Combining the above expression with (53) and (55) we obtain an expression for domestic output

1 (]l — . T
yie = ~to+ e+ LD 10 gy, 4 a1 (58)
O—'Y g

where 0, = =———5—% 7.
T [+v(2-7)(e6-1)]
Combining the marginal cost equation (52) with (57) and (58) we can express the real marginal

cost in terms of home productivity, foreign consumption, domestic output and both domestic and
foreign interest rates, where the degree of dollarization will play a role:

o v (1

mey = (v4+0,) g+ (0 — 00 — (1+v) ay Dy ayig+ i) (59)

o
the flexible and efficient level of output can be attained by making mc; = 0, conditional on the
policy rule i = 0, i7* = 0 for all ¢ as?

Yy = a1a¢ + agcy (60)
_ (14v) _ 04O

where a; = oo 92 = Tig,

foreign interest rate by using equation (48). Then in our economy the natural level of output will

. Notice that foreign consumption can be expressed in terms of the

depend in addition to productivity shocks on the foreign nominal interest rate.

32i" — 0 corresponds to an interest rate peg in the flexible price allocation, not a zero nominal interest rate.
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Then, combining (60) with (59), the real marginal cost can be expressed as:

o,V (1 —

mey = (V4 0y) T — ) [(1—9)i + d3f] (61)

g

Finally, plugging equation (61) into the Phillips curve (51) we obtain
THt = KpTt + ﬁEtﬂ'H,t—i-l — K [(1 — 5) i+ 51,:] (62)

where ki, = A(v+0y), ki = A2V (1 —7),

Equation (62) is a short run aggregate supply (AS) curve that relates domestic inflation
to the output gap. Unlike the baseline model with domestic money only, domestic inflation
depends directly on deviations of the foreign interest rate. In particular, the presence of currency
substitution allows the model to generate an endogenous cost-push shock in terms of the foreign
interest rate. Any increases in the foreign interest rate affects directly the dynamics of inflation
because there is a shift factor in the marginal cost. Note that the effectiveness of monetary policy
is affected by 0. The larger the degree of dollarization (¢) the larger the effect of movements in
the foreign interest rate shock on inflation. If consumption and the aggregates are substitutes
w > 1, k; > 0, hence an increase in the foreign interest rate will decrease domestic inflation. In
particular, following a positive shock in the foreign interest rate the demand for foreign currency
decreases, leading to a rise in the marginal utility of consumption (T u.+). The increase in wu.;
generates a reduction in real wages in equilibrium.

The higher the degree of dollarization (higher 0) the larger the effect of foreign shocks over
the aggregate supply and the less effective the central bank is in stabilizing inflation. The new
transmission mechanism through which the central bank can affect inflation dynamics directly
stems from the composite between money and consumption in the utility function. All else
equal, an increase in either the domestic or foreign interest rates causes an increase in the marginal
utility of consumption (MUC'). The previous mechanism arises because in equilibrium the MUC
equates the disutility of work, therefore an increase in MUC' implies an increase in labor supply

and consequently a reduction in domestic inflation.

3.1.2 Aggregate Demand in Gaps

Combining the risk-sharing condition (57) with (58) and using the fact that ¢; = (1 — ~) t; leads

to
Y . ”
ct = asyme + (L —a3) ¢ + [L —ag (1 —7)] — [(1 = §) ér + di] (63)
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w. Plugging in the (54) and (50) into the home Euler equation (47) we obtain

where a3 =
ocy = 0Eicip1 — it + Exmpgsn + YE Aty — VE [(1— 6) Adgyr + 6A7, ] (64)

From (58) we obtain
Atpr = 0y Ay i1 — 0, AC — a3V Ey [(1 = 0) Adypyq + 6 A | (65)

Which combined with (64) results in

oce. = 0Bty — i+ By + 70, AByH 11 — v0, B Acky — (66)
U (yag + 1) By [(1 — 6) Adg1 + AT ]

Plugging (63) into the above equation we arrive at

1 . o—o0 v . .
yre = By — — (it — EymH 1) + . LE Nt — ag— [(1—6) Adpyr 4+ 0AG7, ] (67)
Y Y Y

Finally, using the previous equation and the natural level of output we obtain the IS equation

in terms of the output gap

1 .. . .
T = Et$t+1 — 70’ [Zt — Et7TH,t+1 — T‘f] + Si [(1 — 5) EtA’Lt+1 + 6EtAZt+1] (68)
ol

with s; = —ag%, and where
Ty = UvEtAynH,tH + (0 —0y) EtAC;rl (69)

Equation (68) is an IS curve that relates the output gap inversely to the domestic interest rate
and positively to the expected future output gap. In addition, the IS curve is also affected by the
expected path of both the domestic and the foreign interest rates which corresponds to the third
term of the right hand side of the IS curve. The higher the degree of dollarization (higher §),
the smaller the effect of the domestic interest rate over the aggregate demand. This reveals the
fragility of monetary policy in a partially dollarized economy. It is worth mentioning that when
v = 0 the IS curve for the partially dollarized economy becomes the IS for the closed economy.

Some differences with respect to CGG (2001, 2002) are worth noting. First, there is a shift
factor in the AS equation which does not allow one to stabilize both the output gap and domestic
inflation following a domestic inflation targeting regime. This is in contrast with GM (2004)

where the optimal policy implies full stabilization of output and inflation. On the other hand,
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CGG (2001) rely on the presence of an exogenous cost-push shock in order to obtain this trade-
off. Second, the aggregate demand depends on expected changes in both domestic and foreign
interest rates.

Finally, equations (62) and (68), together with the Euler equation for the foreign economy
(48) and the exogenous process for both productivity and foreign interest rate shocks characterize

a partially dollarized economy.

3.2 Analytical Solution and the Transmission Mechanism

Given the tractability of the model we can obtain analytical solutions for the endogenous variables
x¢ and mg. We obtain the rational expectations solution by implementing the undetermined
coefficients method. The equations we have to consider are the aggregate supply (62), the ag-
gregate demand (68) and the policy rule (56). The only source of shocks is a foreign interest rate
shock, which follows the following AR(1) process

iy =piy_ +et (70)
We guess the following solutions for domestic inflation and the output gap

THt = Nl (71)
Tp = Mgy (72)

where 7~ and 7, are the partial elasticities of domestic inflation and the output gap with
respect to the foreign interest rate shock . Plugging the possible solutions into the aggregate

supply curve (62) we obtain

THt = [Ke—Ki(L=0)v]ze+[8—ki(1—0)v,] EymHi41 — Kidly (73)

T [ﬁx — Kq (1 - 5) '730] T — Ki0 i (74)
T Bk (=0 dp " 1= r(l=0)7p"

T [K’x — Ky (1 — 6) ’Y:v] Nyix — 'V”'iéi* (75)

1—[B—ri(1=0)v)p
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From the IS curve (68) we get

2 = B — i 450 (1=0) (o= )i+ 85: (0= 1)
v
_ -Dp .
T = By — iy + 5 (1—=6)(p—1) pyemiy
8
+5i(1—=0) (p— 1)y xe +0si (p— 1) iy
1-C N CC Il L S 1 i+ 08; (p— 1) 4t
1-C—-p)xy = — . niz +8i (1 —06) (p— 1) pyamis +dsi (p — 1)
Y
1 (’Yw_l)pnﬁ* - S(l_p) -
Ty = 7077 1_0_[)1 lt*1Z_C_p[(1*5)P7w77m*+5]1t

where C'=5;(1—-0) (p—1)7,

After some manipulation we can get the following two expressions

o ["{I — Ry (1 - 5) 71] Nyix — ’{ia
e (=R o

L (Ve =) pnp= si(1—p)
i o 1-C—p T =P almis +9) (77)

the above equations represent a system of two equations and two unknowns (7)<, 7,;+) which
can be solved for analytically. After further manipulation, we obtain the analytical solutions for
domestic inflation and the output gap for the dual currency economy??

—d0~ (1 — Ki + SiKs
e = T2 P i) (78)

o 6p (Yr — 1) ki — 5%07(1 —p)(1 - Bp) (79)

where D = (1 — p) 04(1=Bp) [1 — 8i7, (1 = )]+ (vx — 1) plha — Kivy (1 — )]+(1 = 6) (1 — p) oy Yrp(riit

Siﬁx)
In order to gain further intuition, let us assume that the effect of overall real money balances
over the aggregate demand is zero, s; = 0, and that the central bank reacts only to expected

inflation v, = 0, then the above solutions collapse to

o —00y (1 —p) ki
T = U= p) oy (1= Bp) + (1y — 1) pria + (1= 8) (1 — p) 0 npi

33 Details of the derivationa are available in an appendix upon request from the authors.
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o (I=p)oy(1=Bp) + (vr = 1) pria + (1 = 6) (1 = p) 04V

If w > 1, which implies that ¥ > 0, then k; > 0 and hence the denominator of the above

expressions will be positive. Hence, the analytical solutions imply that after a positive foreign
interest rate shock we should observe a decrease in inflation (| 7,,+) vis-a-vis an increase in the
output gap (T 7,;+) when money and consumption are substitutes. This result is captured by
the term r; [(1 — 0) 3¢ + dif] in the aggregate supply equation. A different pattern could emerge
when money and consumption are complements.

Note also that the volatility of both domestic inflation and the output gap are increasing in
the implied degree of dollarization (¢). Figure 2 below confirms our analytical findings regarding
volatility. As expected, the volatility of both output and domestic inflation increase monotonically
with the degree of dollarization. Note further that the volatility of output rises by more than
that of inflation. This result shows that the larger the implied degree of dollarization (larger §)
the larger the endogenous volatility of both domestic inflation and the output gap.

Volatility and Transacction Dollarization
0.1 T T T T T T T

< 0.05F

Figure 2 (w = 2)

3.3 Some Simulated Exercises
3.3.1 Parameterization
Our quantitative analysis seeks to illustrate the transmission mechanism of the model , and in

particular, the role of foreign currency in total money aggregates and the non-separability of
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the latter from consumption. To do that we calibrate the parameters taking as a benchmark
the Peruvian economy, which as shown in the introduction, is characterized by a dual currency
environment. The parametrization of the model seeks to characterize the qualitative behavior
of its main variables rather than to match the empirical data. The steady state equilibrium is
derived in the Appendix A.

We set a quarterly discount factor, 3, equal to 0.99, which implies an annualized rate of
interest of 4%. In the steady state, the gross foreign interest rate, assumed to be exogenous in
the model, is also equal to 87! = 1.01, which implies the same annualized interest rate. The share
of foreign goods in consumption, v = 0.4, which is close to the ratio of imports over aggregate
consumption for the Peruvian economy. In order to isolate the role of foreign currency in total
money aggregates and the non-separability of the latter from consumption, we choose parameter
values equal to 1 for the coefficient of risk aversion, o, the inverse of the elasticity of labor supply,
v, and the elasticity of substitution between home and foreign goods, §. We choose a degree
of monopolistic competition, €, equal to 7.66 following Rotemberg and Woodford (1997). This
implies an average mark-up of 15 percent. For the monetary rule, we follow Taylor (1993) and
set the coeflicient on inflation, 7, = 1.5. and the coefficient for output gap v, = 0.5. As it is
common in the literature on the Calvo (1983) pricing technology, we let the probability of not
adjusting prices, a = 0.75.

Given that the main goal is to analyze the effect of foreign interest rate shocks, we calibrate
this exogenous process. In order to calibrate this shock, we fit an AR(1) process to the FED
funds rate (our proxy for foreign rates), by using quarterly data over the sample period 1955:01
to 2004:02. We obtain de following estimates: p* = 0.96, and var(¢i") = (0.009)*. We set the
elasticity of substitution between domestic and foreign money,y , equal to 4.1 which is consistent
with previous studies at the Central Bank of Pertd. In our benchmark parameterization we set
v equal to 0.5 which implies a steady state degree of dollarization of 70 percent (see equation
A9 in appendix A). This value is roughly the average degree of dollarization from 1994-2005 for
the Peruvian economy. We parameterize b = 0.83 which constitutes the share of consumption in
the CES function.?* Finally, w can take two values, w = 0.9 implying that consumption and the
overall aggregate are complements and, w = 2 which implies that consumption and the overall

aggregate are substitutes.

34In particular, we use private consumption and overall money aggregate which is the sum of domestic and
foreign currency liquidity.
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3.3.2 Impulse Responses

Figures 3 and 4 display the impulse-responses of the simulated model for three degrees of dollariza-
tion: high (v = 0.33 = 0 = 0.96), medium (v = 0.5 = 6 = 0.5) and low (v = 0.67 = 6 = 0.05).
We report the impulse response functions under two possible scenarios for the parameter w. The
impulse responses confirm the analytical results. Figure 2 depicts the responses when (w = 2).
Following the foreign interest shock and provided that the money aggregate and consumption are
substitutes, the demand for foreign currency decreases and the marginal utility of consumption
increases. Consequently real wages decrease in equilibrium, which in turn induce a reduction in
inflation, which is captured by the term —x;di;. It is useful to recall that for w > 1, k; > 0. Then
it is clear that inflation falls on impact after the foreign interest rate shock. The limitations of
the central bank under this environment are also clear. In particular, the larger the presence of
foreign currency (larger ) the larger the impact of the shock on domestic inflation. Given the
reduction of inflation the central bank must react by reducing its policy rate in order to expand
aggregate demand and bringing inflation to its steady state level. In figure 3 we observe that
the policy rate decreases after the shock triggering an expansion of aggregate demand. Again
the central bank has a stronger response the larger the degree of dollarization, highlighting the

limitations of a central bank in a partial dollarized economy.

Domestic Inflation Output Gap

% deviation from steady state
% deviation from steady state

o 20 40 60

Interest Rate Foreign Interest Rate Shock

———-—-= Low USS$
— — — — Med US$
——— High USs$

% deviation from steady state
% deviation from steady state
o]
]

Figure 3: (High, 6 = 0.95, Med, 6 = 0.5, Low, § = 0.05) and w = 2.0

In the case where consumption and the overall aggregates are complements, (0 < w < 1), the

impulse-responses show the opposite pattern. Figure 4 depicts the results. Foreign interest rate
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shocks generate a persistent increase in inflation, a contractionary policy response and a fall in
the output gap. The magnitude and persistence of the response of inflation to the foreign interest

rate shock depends on how sensitive the aggregate supply is to the implied parameter §.

x 10> Domestic Inflation o X 1073 Output Gap

% deviation from steady state

% deviation from steady state

20 40 60

Foreign Interest Rate Shock

———= Low USs$
— — — — Med USS$
—s—— High US$

% deviation from steady state
% deviation from steady state
0
a

Figure 4: (High, 6=0.95, Med, §=0.5, Low, =0.05) and w=0.9.

3.3.3 Unconditional Volatilities

In this section we illustrate how dollarization could make the economy relatively unstable. We
illustrate this issue in the context of our calibrated model. In particular we compute the implied
standard deviation of domestic inflation, the output gap and nominal interest rate under various
degrees of dollarization captured by the parameter § as defined in the appendix. Thus given
x = 4.1 we change v, the preference for domestic currency, in order to obtain the implied degree
of dollarization. The analysis is made conditional on a foreign interest rate shock. In addition
we also check for robustness by calculating the unconditional moments when consumption and
the overall aggregate are complements (w = 0.9).

Table I reports the results. It shows how the standard deviations of domestic inflation, the
output gap and the nominal interest rate, vary in response to shifts in the degree of dollarization.
The larger the degree of dollarization the larger the standard deviations. The first three columns
display the results for the benchmark parametrization with w = 2.0. The last three columns
repeat the exercise, this time with a value of w = 0.9. In order to facilitate the analysis, we

normalize to unity the standard deviations corresponding to the calibration with v = 0.585
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which implies a degree of dollarization of twenty percent (6 = 0.20).

Table I: Macroeconomic Volatility and Dollarization

Foreign interest rate shock Foreign interest rate shock
(w=2.0) (w=10.9)

d o(rg) o(z) o (1) o(rg) o(x) o (i)
0.20 1.00 1.00 1.00 1.000  1.000 1.000
0.30 1.56 1.56 1.56 1.530  1.529 1.529
0.40 2.10 2.10 2.10 2.018 2.018 2.018
0.50 2.58 2.60 2.60 2.529  2.528 2.529
0.70 3.87 3.78 3.76 3.553  3.554 3.5564
0.95 5.42 5.43 5.49 4.866  4.865 4.865

The results show that the cyclical response of the economy to the foreign interest rate shock is
quite sensitive to the degree of dollarization (¢) . For example as § decreases from 0.70 to 0.40, the
macroeconomic volatility almost halves. The implied reduction in § can be obtained by a small
increase in v, from 0.448 to 0.525. Thus, by a small increase of the parameter that captures the
preference for domestic currency the model predicts a meaningful reduction in macroeconomic
volatility. Finally, we note that the results we obtain in the context of the simple small open
economy are robust to changes in w which is the key parameter that generates the trade-off
between stabilizing domestic inflation and the output gap. Therefore, the higher the degree of
dollarization in the model economy, the higher the unconditional volatility of inflation and the

output gap.

3.4 Determinacy and the Taylor Principle

In this section we evaluate under what conditions a standard Taylor rule guarantees real determ-
inacy in our small open economy. In particular, we intend to highlight how the determinacy
condition changes compared to an economy without transaction dollarization. Lets assume that

the Taylor rule adopts the following standard form
U =71f FYaTHE + Vol (80)

where 7, > 0 and v, > 0. We omit the exogenous shocks since for the determinacy conditions

shocks are not relevant. Combining (80) and (62) we can re-express the AS equation as

Eimpit1 = (; + % (1-9) %r) THt — (? - % (1-9) ’Yz> Tt (81)

27



Substituting (80) and (68) and after some manipulation, the IS equation becomes

Lt (vt 5) + (s (=0 + 5 (1-0)) %,
(1+8(L=0)7,) Bxveyr = U”< ﬂ) < ( ) crwﬂ< ))

Ki Lt
i (1= 0) 7, (% =% (1= 9) )
;( _;) ( ) — L]
(- 3)+(s0-0-E50-9)
+ vy 6 ) ' v B 7TH,t (82)
i (1= 0) 7, (5 + 5 (1-0)7,)
the above system of two equations can be written in the following matrix form
A A
A= 11 12 (83)
A9 Ag
where Aj; = (% + %1 —5)77r> y A1 = — (%T -5 —6)73:) ,
(% + s; (1 — 5)) Vo

1
Ao =7 (1

FIE
AQQECLO %—i—si(l—(S)—
- (i—l—s-(l—é) )ﬁ(l—é) T
i oy 1 ’77r Ié]
and Cp = (1+s;(1—9)7,)
Where the trace and determinant are given by
1 K 1 1 1 K
trA = (=4+—=(1-90 F)—I——i—(—l—sil—d W>x+
(Gr50-0%)+ g+ 5 (- +s0-9%)%
1 o Fsi(l=0)—
Go || (2+si(1-0)7,) 500 Ta
O ? Vr B
1 /1 K 1 1 K
DetA = —(>+—=(1-6 ﬂ>+<+si1—5) —
(G5 -0+ g (5 sa-0)wt

The system is determined if the eigenvalues of A lie outside the unit circle. For the benchmark
parametrization (w > 1), it is straight forward to see that both Det A and tr A are bigger than zero.
Therefore, the only condition that the system needs to meet for real determinacy is DetA—trA >
—1

)

Solving for this inequality condition we show that the necessary and sufficient condition for
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real determinacy is (see Appendix C for details)
e (Ve = 1)+ 7.1 =B +ri(1-6)]>0 (84)

The above expression shows how dollarization, to the extent that x; > 0 (or when w > 1),
reduces the region for a determinate equilibrium. Once non-separable preferences are considered,
the smaller the value ¢ the larger the effect of x; (1 — 0) , helping condition (84) to be met. Hence,

less dollarization is desirable for determinacy. The following graph illustrates the previous result.
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Figure 5: Regions of Determinacy in a Dual Currency

Environment (w = 2)

Figure 5 depicts the determinacy regions as a function of v, and «, under different implied
degrees of dollarization: 5%, 30%, 50% and 96%. In all cases the rest of the parameters are set
at their baseline values.

The numerical results reveal that the constraints faced by policy makers are slightly tighter
in an economy with higher degrees of dollarization. In particular, the line depicting determinacy
shifts away from the origin for higher degrees of dollarization, so whenever v, < 1, more dollarized
economies need greater responses to the output gap to guarantee determinacy. The explanation
behind this result relies on the effects of dollarization on the term r; (1 —9). If w > 1,then
ki > 0 and an increase in dollarization, d, reduces the area of determinacy through the reduction
of k; (1 —9).

The intuition behind the reduction of the determinate region stems from the effects of the
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foreign interest rate on inflation dynamics. Specifically, in an economy with transaction dollariza-
tion a central bank has to put more weight on output gap fluctuations because aggregate demand
fluctuations have a larger impact on domestic inflation via the extra kick of both domestic and
foreign interest rates.

Interestingly, the combination of non-separability and dollarization in our setup alters the
condition for real determinacy. Non-separability, under our benchmark parameterization relaxes

35 However, once dollarization is considered, the condition becomes

the determinacy condition.
more difficult to meet. Although the determinacy condition changes with respect to the standard
condition in small open economies with separable preferences, condition (84) still corresponds to
the Taylor principle: in the face of inflationary pressures, the central bank increases its interest
rate by more than the rise in inflation, hence raising real interest rates until inflation returns to
the target.36

The higher chances of falling on the indeterminacy shows why a central bank that faces a
high degree of transaction dollarization has to react more strongly to the output gap in order to

avoid falling in an unstable region.?”

4 Conclusions

This paper has been motivated by the experience of several developing economies, in particular
de Peruvian economy, where both local and foreign currency coexist as a means of transaction
and as a deposit of value. The monetary authority faces the problem of managing the domestic
currency component of the money aggregate in a situation where the foreign component can
change significantly over time.

We develop a model that embeds a foreign and local currency money aggregate into a simple
two-country open economy model as in Clarida, Gali and Gertler (2001, 2002) and Gali and
Monacelli (2005). The resulting model yields a tractable formulation for the qualitative analysis
of monetary policy in economies that face currency substitution as an equilibrium outcome. The
results suggest that, given shocks to the foreign interest rate, inflation and output volatility
increase when dollarization is high meaning that a central bank’s ability to reduce volatility is
more limited in a partially dollarized economy. The transmission mechanism of these shocks can

lead to lower inflation and higher output when the overall money aggregate and consumption are

35Indeed, in the extreme example of k; = 0 (separable case) the determinacy region becomes smaller.

#6Llosa and Tuesta (2006) have analyzed conditions of determinacy and learnability for a broad set of instrument
rules in a small open economy environment with separable preferences. They find that some type of managed
exchange rate rules might have desirable properties in terms of determinacy, although these rules might generate
large macroeconomic volatility and therefore they might not be so desirable in this dimension.

3"Remarkably, when § — 1 the determinacy condition collapses to the one obtained in a cash-less economy.
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substitutes.

Some novel results are worth highlighting. First, our canonical model generates an endogenous
trade-off between the stabilization of inflation and the output gap. The short-run trade-off,
which depends on the degree of dollarization, arises due to the presence of a foreign interest rate
shock, hence it cannot be evaluated in a closed economy environment. Second, we find that a
standard Taylor rule guarantees real determinacy of the rational expectations equilibrium. We
find analytical results for real determinacy that show that the higher the degree of dollarization
the smaller the determinacy region, meaning that more dollarized economies require a greater
response to the output gap in order to guarantee determinacy. An extended version of the Taylor
principle applies.

There are very interesting avenues for future research in this area. The analysis of optimal
policy using a micro-founded loss function, for example, is an avenue to pursue. For instance,
Batini, Levine and Pearlman (2006) have derived optimal policy based on ad-hoc quadratic loss
function using our framework. The study of determinacy and learning for a broader set of

instruments rules is also an interesting line of research to pursue.

31



References

1]

[2]

[11]

[12]

Armas, Adridn, Nicoletta Batini and Vicente Tuesta (2006) , "Peru’s Experience with In-

flation Targeting under Partial Dollarization, mimeo.

Backus, David and Gregor Smith. (1993), “Consumption and Real Exchange Rates in Dy-
namic Economies with Non-traded Goods”, Journal of International Economics 35, pp
297-316.

Batini, Nicoletta., Paul. Levine, and J. Pearlman, 2006, “Optimal Exchange Rate Stabiliza-
tion in a Dollarized Economy with Inflation Targets”, mimeo presented at 12th interna-

tional conference on computing in economics and finance

Benigno, Pierpaolo (2001), “Price Stability with Imperfect Financial Integration”, Manu-
script, New York University.

Benigno, Gianluca (2004), ”Exchange Rate Persistence and Monetary Policy Rules”, forth-

coming, Journal of Monetary Economics.

Benigno, Gianluca and Pierpaolo Benigno (2003), ”Designing Targeting Rules for Interna-
tional Monetary Policy Cooperation” European Central Bank Paper No. 279

Brock, W. A. (1974), ”Money and Growth: The Case of Long Run Growth Perfect Foresight”
International Economic Review, 15, No 3, pp 750-770.

Calvo, Guillermo (1983), ”Staggered Prices in a Utility Maximizing Framework”. Journal of
Monetary Economics, 12, 383-398.

Castillo, Paul (2006), "Monetary Policy in an Economy with Currency Substitution", miemo,

Banco Central de Reserva del Per.

Castillo Paul, Carlos Montoro and Vicente Tuesta (2006), "An Estimated Stochastic General
Equilibrium Model with Partial Dollarization: A Bayesian Approach", presented at the
Second Monetary Policy Research Workshop CCBS-BCRP.

Céspedes, Luis Felipe, Roberto Chang and Andres Velasco (2004). ”Balance Sheets and
Exchange Rate Policy”, American Economic Review, Vol. 94, pp 1183-1193.

Clarida, Richard, Jordi Gali, and Mark Gertler (2000), ” Monetary Policy Rules and Macroe-
conomic Stability: Evidence and Some Theory”, Quarterly Journal of Economics, 115,
pp- 147-80.

Clarida, Richard, Jordi Gali, and Mark Gertler (2001), ”Optimal Monetary Policy in Open
versus Closed Economies: An integrated approach”, American Economic Review, 91/2,
Pp-248-252.

32



[14]

[15]

[16]

[17]

Clarida, Richard, Jordi Gali, and Mark Gertler (2002), ”A Simple Framework for Interna-
tional Policy Analysis”, Journal of Monetary Economics, 49 (5) pp.879-904.

Cooley, Thomas and Vincenzo Quadrini (2001), ”The Cost of Losing Monetary Independ-
ence: The Case of Mexico”, Journal of Money, Credit and Banking, 33 (2), 370-397

Chang, Roberto and Andres Velasco (2001), ”Dollarization: Analytical Issues”, Harvard

University, mimeo.

Chari, V.V., Patrick J. Kehoe and Ellen R. McGrattan (2002), “Can Sticky Prices Models
Generate Volatile and Persistent Real Exchange Rates?,” Rewview of Economic Studies
69, pp. 533-63.

Christiano, Lawrence, Christopher Gust and Jorge Roldos (2003). ”"Monetary Policy in a
Financial Crisis” Journal of Economic Theory, Vol. 119, Issue 1, pp 64-103.

Gali, Jordi and Tommaso Monacelli (2005), “Monetary Policy and Exchange Rate Volatility

in a Small Open Economy”, Review of Economic Studies, Volume 72, Number 3.

Gertler, Mark, Simon Gilchrist and Fabio M. Natalucci (2003), ”External Constraint on
Monetary Policy and the Financial Accelerator”, forthcoming, Jorunal of Money Credit

and Banking
International Monetary Fund (2000), World Economic Outlook.
Kiyotaki Noubiro and Randall Wright (1993), ” A Search-Theoretic Approach to Monetary

Economics” American Economic Review 83 pp. 63-77.

Laxton, Douglas and Paolo Pesenti (2003), "Monetary Rules for Small, Open, Emerging
Economies”, Journal of Monetary Economics, Vol. 50 (5), pp. 1109-1146, July.

Llosa, Gonzalo and Vicente Tuesta (2006), "Determinacy and Learnability about Monetary
Policy Rules in Small Open Economies" mimeo, IDB and BCRP

Obstfeld, Maurice and Kenneth Rogoff (1995), “Exchange Rate Dynamics Redux”. Journal
of Political Economy 103, pp 624-60.

Obstfeld, Maurice and Kenneth Rogoff (1996). Foundations of International Macroeconom-
ics. MIT Press.

Rotemberg, Julio and Michael Woodford (1997), “An Optimization-Based Econometric
Framework for the Evaluation of Monetary Policy,” NBER Macroeconomics Annual 1997,
297-346.

Schmitt-Grohe, Stephanie and Martin Uribe (2000). ”Stabilization Policy and the Costs of
Dollarization”, Journal of Money Credit and Banking.

33



[29] Schmitt-Grohe, Stephanie and Martin Uribe (2001). ” Closing Small Open Economy Models”,

Journal of International Economics.

[30] Selaive, Jorge D. and Vicente Tuesta (2003), “Net Foreign Assets and Imperfect Pass-
through: The Consumption Real Exchange Rate Anomaly”, Board of Governors of the

Federal Reserve System, International Finance Discussion Paper #764.

[31] Sutherland, Alan (2002) ”A Simple Second-Order Solution Method for Dynamic General
Equilibrium Models”, unpublished, University of St. Andrews.

[32] Taylor, John (1993), ”Discretion Versus Policy Rules in Practice”, Carnegie-Rochester Series
on Public Policy 39, pp 195-214.

[33] Woodford, Michael (2003), Interest and Prices, Princeton University Press.

34



Appendix A: The Steady State

Variables without time subscript represent steady state values. For the characterization of
the perfect foresight steady state equilibrium of our open economy we assume AX = AF' =1, for
all £. In the steady state we also normalize Py = Pp, such that PTH = % =@ = 1. We find the
symmetric steady state at the limiting case when n — 0.

From firm maximizations home and abroad (equation 44) and combining with the labor supply

equations (23) we get

e(l—-7) L®

= — Al
-1~ Ue(0.2) Ay
e(l—1) L=
= —— A2
=D ~ To© 42
From production functions home and abroad
Yy = L (A3)
yi = r* (A4)
From the risk-sharing condition we get:
Uc(C,Z) = kU, (C™) (A5)
From the aggregate demands home and abroad
YA = (1-7)C+~C* (A6)
yih = ¢ (A7)

Combining the steady state of equations (25), (27) with (28) and (29), respectively we obtain

the steady state real demand for both domestic and foreign currency,

—w

M b(1—pB)C %
Sai (A8)
r (1—b) vA(i_%)
1
DS b(1—B)C =
5 = (A9)




X
1—x] x=1
where A = [v +(1—v) <13v) } . Combining the above equations we can obtain the steady
state level of the total money aggregate as a function of domestic consumption. importantly, from

the above equations we can also determine the steady state degree of dollarization (¢):

_ DS/P _ (v/(1—-w))~X
DS/P+M/P 1+ (v/(1—wv))~X

6 ((A9))
Notice that from the above expression if the elasticity of substitution across currencies is equal
to one the dollarization ratio turns out to be equal to the preference for foreign currency, 1 — v.

From expressions (A8) and (A9) we can further express the overall money aggregate as a

function of total consumption
Z = AC (A10)

2 Ip(1— —w
where Ay = A [(gl—b@] .
Given (A10) and the risk-sharing condition (A5) along with the utility function under its
functional form at steady state, we can obtain a direct relationship between home and foreign
consumption :

C* = A3 (Ii()) C (All)

w l1-0o
= <b+(1—b)A§“_l)>

Ko

Q=

where Az (ko) = . For convenience and without loss of generality
we set the initial conditions such that As (ko) = 1.Plugging (A11) into the demands (A6) and
(A7) . We get that YH = C = C* = Y, which implies zero net exports in the home economy at
the new steady state. From the previous relation we get

e(l—1) cv

(e—1) T C (A12)

from which we can obtain the steady state level of consumption

s {H} (AL3)
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Appendix B: Marginal Utility to Consume

In this appendix we will show how the marginal utility to consume at home can collapse to an
equation in consumption and both domestic and foreign interest rates. First taking the log-linear

approximation of equation (27) we get

wee= (L= =Lt G- - 1-a)a (B1)

w

w—1
where by = b; = —€ = b z— From the definition of the money aggregate,

bcw—l +(1_b)Zm b-‘r(l—b)(AQ)w_l
2, in log-linear form we get

Zt = (1 —5) mt—|—5dt (B2)

where m; and d; corresponds to the log-linear approximation of the real money balances in both
domestic and foreign currency, respectively. By taking log-linear approximation of equations (37)
and (38) respectively we get

me = Ko — xBin — (X~ 1)z (B3)

dy = Xy = xBif — (X = 1)z (B4)

Then by combining equations ((B3) and ((B4) yields the following expression for the money
aggregate
2zt = ¢ — owfiy — (1 — ) wPiy. (B5)

Substituting expression (B5) into ((B1) yields the expression for the marginal utility of consump-
tion equation (50)
Uet = —0C + v [(1 - 5) i + (SZZ(] (BG)

with ¥ = f(ow — 1)(1 — b1)
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Appendix C: Determinacy

The system is determined if the eigenvalues of A lie outside the unit circle. For the benchmark

parametrization (w > 1), it is straight forward to see that both DetA and tr A are bigger than zero.

Therefore, the only condition that the system needs to meet for real determinacy is DetA—trA >

_1’

Solving for this condition we get

DetA—trA=gog+ o5 (L= 0)vn + &y oa + dysi (1= 8) 125+
‘ﬁ%%+@WMf®%—G+%@4WJ—&—%%ﬁ dsi (1= 0) 7.5
~Goo Ve~ g5 (1= 0) Vet G B (1= 0) Y2+ gysi (1= 0) 1 (1= 8) 7, > —1

Since Cy > 1, we can multiply both sides of the previous expression by Cy
FHE Q=0 v+ vt +si(L—0) v+

Bt b 1= 0), ~Co (3 + 5 0=0)7) —1- L5 s (1-0) .5

_a’ym 1(1_5)7x+%%(1_5)7x+52( 6)7#/3(1_5)7m>_6’0

Substituting out Cy

%M’( 0)Vn + 5oV g +5i (1= 0) 15+

Sy s (1= - (14 (1-0)7) (35 0= 0)) —1-E% —si(1-0) 7%
—ivm—z(l )Y+ 52 % (L= 0)7a + 8 (1= 0) 7,5 (1= 0) 7, > — (1453 (1—6)7,)
Simplifying
ijﬂ%wi(l—&v %I;r%
_77m_ si(1=0)7, ® o F
7’77r z+ﬁg ’Vx*afm
_EPYQC o~ ﬁ(1_5)7m>0

Lo -k s (-0,
(1=0)7, > —si(1-9)7,

Then, the necessary and sufficient condition for real determinacy is

Ee(Ve — 1) +7,[1 =B+ ki (1=6)] >0.
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