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Abstract

This paper studies the conditions under which it is optimal for an economy to have
more than one unit of account ( price dollarization) and how this equilibrium is related to
monetary policy. To that purpose we build a simple stochastic general equilibrium model of
a small open economy where firms have to set prices in advance and to choose endogenously
between a domestic and a foreign currency to set prices. We find as in Mundell (1961),
that the combination of sticky prices and sector specific productivity shocks make optimal
for some firms to use a foreign currency as unit of account. The central bank sustains this
equilibrium by actively using the nominal exchange rate as an instrument to partially offset
the effect that sector specific productivity shocks generate on relative price distortions .
Additionally, we find that an strict inflation target can reduce price dollarization, although
this equilibrium is not optimal, and that "excessive fear of floating" induces inefficiently

high degrees of price dollarization.
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1 Introduction

A practical issue for many central banks in emerging economies with a history of high inflation
is whether or not they should accept the fact that a foreign currency shares the function of unit
of account with the domestic one and if this is so, how monetary policy should be conducted
in this type of environment. The use of a foreign currency, usually the US dollar, in countries
like Bolivia, Egypt, Turkey and Russia, has emerged as an endogenous response of firms to a
macroeconomic environment of high inflation. Using a more stable currency allow domestic
agents to avoid the distortions that inflation generates, in particular it allows domestic firms
to avoid inflation generated relative price distortions. However, the more recent experience of
those economies seems to suggest that firms find optimal to set prices in foreign currency even
when inflation is low and stable. In this paper we provide a rationale for that type of behavior
and also we show the way monetary policy influence the degree of price dollarization.

The previous issue is, however, not only of practical interest for central banks in emerging
economies, but one that it is at centre of modern monetary theory. Most of the recent models for

1 are general equilibrium

analyzing the design of monetary policy in close and open economies
microfounded models with sticky prices, where the fundamental, albeit the only, function that
money plays is as unit of account. Thus understanding what factors determine the optimal
election of one or more units of account and how this interact with the degree of price stickiness
and monetary policy are essential issues in monetary theory. This paper provides some insight
on this issue.

We use a simple fully microfounded general equilibrium model of an small open economy
with three particular characteristics: a) firms face sector specific productivity shocks b) firms
can choose freely between a domestic and foreign currency to set their prices, and c) a fraction
of randomly selected firms set prices one period in advance. This set up contains the minimum
ingredients to study the interaction between the election of a unit of account and optimal
monetary policy. Firms select their unit of account by comparing their expected profits under
domestic and foreign currency pricing, whereas the central bank implements its monetary policy
aiming at maximizing the welfare of the representative agent of the economy. In equilibrium,
the pricing decision of firms and the monetary policy implemented by the central bank are
mutually consistent, thus an endogenous degree of PD is determined.

By using a second order approximation of the profits function of the representative firm we
find the conditions that induce them to set prices in dollars. Firms have more incentives to set

prices in foreign currency when domestic inflation is more volatile, when the covariance between

Y Aoki ( 2001), Woodford (2003) for close economies, and Benigno ( 2004), De paoli(2005), and Gali and
Monacelli (2005) for open economies.



the domestic and the nominal exchange rate is higher and when the volatility of nominal
exchange rate is lower. The intuition of these relationships are easy to understand. Since
firms set prices in advance, unexpected changes in domestic prices and the nominal exchange
rate generate relative price misalignment that are costly for firms. When domestic inflation is
more volatile, setting prices in a foreign currency isolate relative prices from domestic inflation
volatility, similarly, when the nominal exchange rate and the real exchange are more stable,
the benefits of using the foreign currency as unit of account are larger.

Likewise, by approximating up to second order the welfare function of the representative
agent we derive the optimal lost function for the central bank. We show that the combination of
sticky prices and sector specific productivity shocks makes zero domestic inflation not optimal
even when the channel of terms of trade is not active. Only when firms face a common
productivity shock, zero inflation becomes optimal in this economy, as in Clarida, Gali and
Gertler (2001) and Monacelli (2005). In contrast, in our set up the central bank will have
incentives to use actively the nominal exchange rate to partially offset the distortions in relative
prices that sector specific productivity shocks and price stickiness generate. In turn, this
incentive of the central bank to correlate fluctuations in the exchange rate with sector specific
productivity shocks, generate the conditions for some firms to choose optimally set prices in
dollars.

In equilibrium, we find that under optimal monetary policy a positive degree of PD, the use
of two currency as unit of account, become optimal when sector specific productivity shocks are
large enough relative to real exchange rate shocks. More precisely, only when the real exchange
rate is stable enough, the foreign currency is attractive for both firms and the central bank as
an instrument to stabilize relative prices. In particular, as the volatility of real exchange rate
increases, the central bank faces a larger cost in terms of the volatility of output gap when
stabilizing the nominal exchange rate, thus using it as an instrument to reduce relative price
distortions generated by sector specific productivity shocks become less desirable. Our results
also show that a central bank that aims at anchoring domestic inflation, as for instance in the
case of adopting an explicit inflation targeting regime, induces a reduction on the degree of PD.
On the contrary central banks that exhibit an excess of "fear of floating" would generate an
excess of PD, which it would be suboptimal. In that sense the results of the paper suggest that
there exist an optimal degree of "fear of floating" determined by the incentives that the central
bank has to smooth exchange rate fluctuations in order to offset relative prices distortions.

Our setup is related to several recent papers that analyze optimal monetary policy in
environments where there exist more than one sector. All these papers, including ours, share
the same general conclusion that when there exist sector specific shocks the first best allocation

is not attainable. Since, in this case, the central bank has only one instrument, but multiple



objectives to achieve. For instance Aoki (2001), analyses optimal monetary policy for a two-
sector close economy model, Benigno(2004) characterizes optimal monetary policy in a currency
area, Erceg, et al (2000) consider the case of stickiness in wages and prices, and in Huang, X
D Kevin y Zheng Liu (2005) analysis the case of price stickiness in the final and intermediate
production sectors. Differently from the previous papers, we focus on the optimal election of
unit of account besides optimal monetary policy. Our paper is more closely related to Loyo
(2001) and Corsetti and Pensenti (2004), since in both papers firms have to decide optimally
among different units of account. In Loyo ( 2001) firms have to decide between a real and
an imaginary money, where the central bank can control directly the parity between these
two types of currency, whereas in Corsetti and Penseti (2004), importing firms have to choose
between domestic and foreign currency?. In contrast to Loyo (2001), in this setup, the central
bank does not perfectly controls the parity between the domestic and foreign currency, since
there exist shocks to the real exchange rate.

A number of simplifying assumptions have been made in the paper in order to gain in clarity.
First, although our framework is of an small open economy where terms of trade surely play
an important role, we have chosen preferences that shut off this channel, with the intention to
highlight the effects of PD. Second, we have use a very simple structure of correlations among
sector specific productivity shocks, which are enough to show qualitatively the implications of
the model, however a more realistic assumption on this issue can be made as in Loyo (2001).
We would like to explore these extensions in future research.

The remaining of this paper is organized as follows. Section 2 describes a simple general
equilibrium model of an small open economy where firms faces sector specific productivity
shocks and firms have to set prices in advance. Section 3 discuss the implication of price stick-
iness for the dynamic equilibrium of the economy when firms face sector specific productivity
shocks, section 4 analyses the relevant lost function for the central bank and the design of opti-
mal monetary policy under price dollarization. Section 5, discuss in detail the pricing decision
of firms and the equilibrium under optimal monetary policy. The final section presents some

concluding remarks.

2 The Model

We model an small open economy where price dollarization (PD) emerges as an endogenous
choice of monopolistic competitive firms. Domestic goods producers can set their prices either

in units of a foreign currency, "the dollar", or units of the domestic currency, "the peso". Prices

2A series of other papers study invoicing decisions in different contexts, for instance, Bacchetta, P and
Wincoop (2001), Donnefeld, et al (1991), Giovanini (1988), Johnson et al (1997) and Klemperer and Meyer
(1986).



are sticky in both the domestic and the foreign currency. Only a fraction of domestic firms
can freely set prices each period, the remaining ones have to set prices one period in advance,
relying only on information up to period ¢t — 1.

The small open economy model is derived as a limiting case of a two country world, where
the size of the domestic economy, n, is taken to be arbitrary small. The word economy is
populated by a continuum of households of mass one. A fraction n of agents lives in the
domestic economy and the remaining one, 1 — n, live in the foreign economy. In each economy
households receives utility from consuming a continuum of differentiated consumption goods
and desutility from working. Agents in each economy can freely trade goods and assets with
foreign agents, asset markets are complete, thus domestic and foreign households can share
risks efficiently. Each variety of domestic differentiated goods is produced using labour in a
constant returns to scale technology by firms that operate in a monopolistic competitive market

with sector specific productivity shocks.

2.1 Preferences

We assume the following period utility function on consumption and labour

1+v

E, [Zﬁt <logCt— *;Vlvﬂ (2.1)

Where 0 < 8 < 1 represents the subjective discount factor, and v the inverse of the Frish

labour supply elasticity, IV; represents hours of labour and C;, the consumption basket index.
We choose log preferences on consumption, which imply a unitary intertemporal elasticity
of substitution, since this particular parametrization allows to eliminate the effects of terms
of trade on the economy, making much easier to understand the interplay between PD and

optimal monetary policy. The domestic consumption index is defined by:

1 n=1 1 n=1 =
Cr = [(1 — )7 (Cg) 7 +an (Cre) 7 | (2.2)
where 7 represents the elasticity of substitution between domestic and foreign consumption
goods, Cx; and Cpy and « is a preference parameter that, when 7 = 1, measures the fraction
of consumption allocated in foreign goods parameter . In turn, the domestic consumption
basket is defined as a compositive of a continuum of differentiated consumption goods defined

by a CES aggregator function, as follows:

Cup = <%>% 7Cs,t (2)F d(2) (2.3)
0



where € > 1 represents the elasticity of substitution between differentiated domestic consump-
tion goods. Associated to these set of preferences there exist consumption based price index,
P, and the corresponding domestic and foreign price indices Py and Py, respectively. These

price indexes are defined as follows:

1
Pi= ((L=a) P+ aPiy") (24)
and
1 n 115
Py, = ~ / Py (2)dz (2.5)
0

where, Pr; = e; Pf., represents the price index of foreign goods expressed in domestic currency,
e; nominal exchange rate, the price of foreign currency in terms of domestic currency, and Pr,
the price index of foreign goods in foreign currency, defined by a similar aggregator as equation
(2.5).

2.2 Asset Market Structure

A complete set of stage contingent bonds, denoted by, B;(w), is available for households to
smooth consumption. At each period of time agents can purchase a particular state contingent
bond at price, §; ;.4 (@), that delivers one unit of domestic currency in the next period if the
state, @, occurs. Each household receives income flows from their wages W;V; and from the
profits that firms distribute =;. For simplicity, we assume that each household owns an equal
proportion of all firms in the economy, thus the budget constraint of the household can be

easily written as follows:
P,Cy + E (Qi+1Biy1) = WiN, + By + E4 (2.6)

2.3 Optimality Household conditions

Each household in the domestic economy maximizes her utility function given by equation
(2.1), subject to their flow budget constraint, equation (2.6). Her corresponding first order

conditions are given by the following set of equations,

Ct;ll P
_ 2.7
§t+1 B (Ct_l Pt+1 ( )
Wi
CiNyY = ?: (2.8)



Chi=(1-a) <Pﬁ’t>_n Ci Cry =« <P%t’t>_n Cy
Cry(z) =1 <Pf113,_1i2)>*77 Cuy Cra(2) = (%};(@)*n Crs

Equation (2.7), is the standard Euler condition that defines the optimal path of consump-

(2.9)

tion and savings. Under complete markets the free risk interest rate can be obtained by taking
the conditional expectation of the state contingent bond prices across all states of nature.
Thus, in terms of the free risk nominal interest rate, the Euler equation can be alternatively

written as follows,

__r Cih P
Ly (§t+1) - m - 5Et (Ct_l Pt+1 (2-10)

Furthermore, by using the first order condition that determines optimal consumption of

foreign households, we can obtain the following risk sharing condition,

* -1 -1
Py € Ct+1 Pt
3 —B( t+1> ! = BB, | =& 2.11
t+1 Ct* Pt*Jrl eri Ct 1 Pt+1 ( )
Denoting by @Q: the real exchange rate, the relative price of foreign goods in terms of
domestic goods, @Q; = P}th we can rearrange the previous condition and obtain the following

recursive equation,

1 “troT!
Qt+1_<ct+1> <C_t> Q1 (2.12)

Following Chari, Kehoe and McGratan (2002) we iterate backwards the previous equation to
obtain the following risk sharing condition that relates the real exchange rate to the dynamics

of domestic and foreign consumption,

N\ —1
Q= (g_) (2.13)

—1
(A;FQO‘ Equation (2.12) summarizes the
0

implication of complete markets for risk sharing. In an economy with complete markets agents

where ¢q is a constant defined as follows, ¢y =

can perfectly smooth consumption, therefore, the real exchange rate that measures the relative
price of domestic and foreign consumption index becomes proportional to the ratio of con-
sumption levels abroad and domestically. On the other hand, equation (2.8) determines labour
supply. The household would supply labour up to the point where the marginal desutility of
working equalizes its marginal benefit, given by the real wage expressed in units of utility. The

disutility allocation of consumption across different types of consumption goods is determined



by equation (2.9). The household allocates consumption among the different varieties of con-
sumption goods by minimizing the total expenditure that the consumption of Cy involves. At
the optimal the household demand for each type of consumption good is increasing in the level
of total consumption, C; and decreasing in their corresponding relative price. In the rest of
the world households solve an identical problem to one detailed above. Therefore, a set of

similar optimality conditions describes their behavior.

2.4 Firms

Consumption goods are produced by continuum of monopolistic competitive firms distributed
between zero and one. Each firm produces using a constant returns to scale technology that

transform labour services Ny(z) into a particular variety of final consumption good:
Ai(2)Ymi(z) = Ni(2) (2.14)

where A;(j) represents a negative technology shock, since, higher the value of A;(j) the
higher the amount of labour required to produce the same amount of final output. We assume

that A:(j) follows the following stochastic process,
ln(At(z)) = €¢ (215)

with ¢, ~ N (O,Uf) . The nominal marginal cost of a typical firm, z, is given by nmc(z) =
wiAi(z). Furthermore, we define the aggregate level of technology, A; as an aggregate variable
over the individual technology shocks,A;(z) using an aggregator function similar to one used

for prices. Thus A; is defined as follows,

1
n 1—¢

A = l/Atl_E (2)dz

n
0

For convenience we express the marginal cost in real terms, no respect to the consumer
price index, but to respect the price that each firms set. This alternative representation of
real marginal costs alleviates notation later when the Phillips curve is derived. Thus, the real

marginal cost is given by,

mepAg(2)
mey(z) = —————= (2.16)

ZitZHy
where, mc; = % represents the real marginal cost in terms of the consumer price index,
and Z;; = Pg;(j ) and Z Hit = Pgt"t represent the relative price of firm, j, respect to domestic

prices and of domestic prices respect to the consumer prices, respectively. Each domestic



producer faces a downward sloping demand function. We obtain those demands functions for
a particular good z by aggregating the corresponding ones for both the domestic and foreign
households ,

n 1
Vorlo) = [ Cha@)a + [ (Ch)* ()t (217)
0 n
Using equation(2.9) we can write the previous equation as follows:

Yi(z) = (M> N Virg (2.18)

Where, Yy ; represents the total demand for domestic goods, which can be written as follows:

Vi = (@> - ((1 PR A Gl O‘*ZL(l —n) QQCQ‘) (2.19)

Similarly, foreign firms face a downward demand function given by,

N PFﬂf(j) - PF,t - n * Y1) vk
Yre(d) = <—PF,t 2 - 2Ct +a"Q{C; (2.20)

Where, a* represents the participation of foreign goods in the consumption basket of foreign
households. Notice that in this model, domestic consumption affects foreign demand through
imports of foreign goods. However, since we want to focus on the case of a small open economy,
SOE, here after, in the next subsection we derive this case by making the size of the domestic

economy arbitrary small.

2.5 The Small Open Economy

Following Sutherland (2001) and De Paoli (2004) we set the parameter o that represents the
participation of foreign goods in the consumption basket of domestic households, as a function
of the size of the economy, n and its degree of openness, v, such that & = (1—n)~. Similarly for
the case of the foreign economy, 1 —a* = ny. With this parametrization, domestic households
consume more imported foreign goods when the economy is more open, this is when + is larger,
or when the size of domestic economy, n, is relatively small.

The SOE, is obtained as the particular case when the size of the domestic economy becomes
arbitrary small, n — 0 . In this case, the participation of foreign goods in the domestic
economy is given by <y, its maximum value under this parametrization, and foreign households
consume only foreign produced final goods, a* = 1, consequently, changes of home aggregated

demand have no effect on the foreign economy and the consumer price index in the foreign



economy coincides with its producer price index P* = Pr. When the economy is small, the
demand functions for domestic and foreign final consumption goods, equations (2.19) and
(2.20) become:

Vi = <—> - (1 =) Ce +vQ{CY) (2.21)

Py

)

Violi) = (F2) ©(224) e (2.22)

In what follows we restrict our analysis to the particular case of n = 1. We choose this
parametrization because it allow us to eliminate the effects of terms of trade in the economy
thus we can highlight the interaction between price dollarization and monetary policy. Under

this parametrization equation (2.21) become,
Py Y = PCy (2.23)

2.6 CPI inflation, Real exchange rate and terms of trade

An equation relating inflation of consumer price index, 7, domestic inflation, 7 and terms

of trade, T}, can be obtained from equation (2.4), as follows,

<7T7Z,t> B (Ti)w (2.24)

Where, T}, is defined as the price of foreign goods in terms of domestic goods:

Py
T, = == 2.25
Pt (2.25)
since the domestic economy is small and the law of one price holds, the price of foreign
goods is Ppy = e; P/, therefore we have the following relationship between the terms of trade
and the real exchange rate,Q; ,

Q=1 (2.26)

Whereas, the domestic relative price, Zp; is related to terms of trade and the real exchange

rate through the following condition,
gy = — (2.27)

Moreover, from the definition of terms of trade, we can link this latter variable to domestic

10



inflation, foreign inflation and the depreciation of the nominal exchange rate,

(14 Aey) (1 +1Iy)
(1 +HH,t)

Ty =Ty, (2.28)

2.7 Price setting

A fraction € of firms in the domestic economy can set prices observing the realization of all
shocks, whereas the remaining fraction, (1 — @) set prices one period in advance. Among these
latter subset of firms a smaller group of them, of mass s, choose to set their prices in foreign
currency. Notice that the choice of unit of account for firms that can set prices observing the
realizations of shocks is irrelevant since they can always choose an equivalent price in dollars
for the corresponding optimal price in pesos by simple dividing the price in peso by the current
nominal exchange rate. Pricing in foreign currency becomes relevant only when firms face
uncertainty about the realization of shocks.

Thus in order to set prices, a typical firm, z, choose a price Pﬁ%t(z) to maximizes the

expected discounted value of its flow of profits given by:

) = Bicx |(Pualz) = W) V) 3| (2.29)

and the demand for good z in period t given a fixed price, by the following condition,

i) = (P (Z))_€ Yiry (2.30)

)

Using the previous definition, equation (2.29), we can write the first order condition of a

typical firm as follows,

Pri(2)\ " Yus Puy
E;_ P — uW;A : : =~ = 2.31
1 | (Pra() = nWids(2)) ( C)) "l | g (231)
After solving for the optimal price of firm, z we have that,
Ei 1 (W A(2) Pyt
Pri(z) = p 1 (WeAl) By ) (2.32)

Bt (Pi)

As we highlighted before, in this economy firms have the option to set prices using a
different unit of account, the dollar. Thus every firm also solve their problem, by considering
that prices are being set in foreign currency. Let’s define the price of an individual domestic

consumption good in dollars by dpm+(z) and the aggregate domestic price level expressed in

11



dollars by, dp ¢, then, similarly to the firms problem when prices are set in pesos, the optimal

dollar price for firm set will maximizes the following expected profit function,

U(z) = By [((dlﬁ(z) - Z/—:At(z:)) Y(2) P:)EJJ (2.33)

subject to the following demand constraint,

Vi(z) = <M> h Yirs (2.34)

dp ¢

Similarly to case of the pricing in pesos, the first order condition for pricing in dollars is

given by the following condition,
Et,1 (I;Y—:At(z> df;itl)
Byt (d57})

where dp; represents the aggregate price index, Py expressed in foreign currency, thus it

dpi(2) = p (2.35)

can be determined, which can be obtained using the following equation,

dH,th = PH,t

3 The Dynamic Equilibrium

3.1 The steady state

In the steady state, the economy with PD behaves identically to an SOE economy without
PD. In appendix A we provide a detailed derivation of the steady-state for this economy.
In particular, since we assume a symmetric structure for both the domestic and the foreign
economy, the level of domestic output is identical to that of the foreign one and depend only

on the monopolistic competition distortion,®,
1
Yg=Y"=(1-®)or (3.1)

where, 1 — & = %, and the real exchange rate and terms of trade are equal to 1. Also,
since these relative prices are equal to 1 in steady-state, trade balance is nil and it holds that
C = Yp. However, notice that the level of output is distorted, since it is below its efficient
level of 1. This distortion is generated by the degree of monopolistic competition existent

in the economy. As in Woodford (2003), we assume that the government uses fiscal policy,

12



more precisely, a subsidy, 7, to eliminate this distortion in output by properly choosing .
With this extra assumption, the only distortion that would remain in the dynamic equilibrium
with sticky prices is the distortion that inflation and idiosyncratic productivity shocks generate

when prices do not fully adjust in response to shocks.

3.2 The flexible price Equilibrium

When prices are flexible firms can set prices every period observing the realizations of all
shocks, therefore the pricing strategy of firms is irrelevant for the equilibrium allocation. In
order to show this point, lets look at the optimal prices that a particular firm z would choose
when setting prices in pesos and when setting prices in dollars. Under price setting in pesos

and dollars the corresponding optimal prices for firm z will be given by,
Pri(z) = pWiALy drg(z) = N%Az,t (3.2)

From the previous equation is clear that since firms can perfectly observe their productivity

shock, A ; and the nominal exchange rate, it holds that,
PHJ(Z) = dHﬂf(Z)et (33)

thus, the amount of good, z produced will be exactly the same in both cases, since the
relative price of good z under pricing in dollars or pesos would be exactly the same. As
Klemperer and Meyer (1986) have pointed out, the currency denomination of prices only
affects the resources allocation of the firm when there is uncertainty. When prices are flexible
firms do not face any kind of uncertainty since they know all the relevant variables for deciding
how to allocate their resources. In contrast when prices are sticky, firms face uncertainty about
future demand and cost conditions, making the pricing strategy a relevant one. Also, as it is
show in appendix B, the flexible price level of output, up to a log linear approximation around
the steady-state, the natural interest rate and the real exchange rate of the economy under

PD can be characterized by the following set of equations,

Yiry = —at (3.4)
ri = —Et (a1+1 — ar) (3.5)
g =—(1—-7)(a — a}) (3.6)
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From the previous equations notice that, even though our economy is open, both the
natural level of output and the natural interest rate do not depend on foreign shocks. In that
sense, these two equations are very alike the ones characterizing the flexible price allocation
of a close economy. We obtain this result only because we have chosen a very special type of
preferences, ones that exhibits both unitary intertemporal elasticity of substitution and unitary
elasticity of substitution between domestic and foreign goods. Under this type of preferences,
the substitution and income effect that movements in terms of trade generate cancel out each

3

other eliminating any trade balance®. For a more general setup, both domestic output and

real interest rate respond to foreign shocks even under perfectly flexible prices.

3.3 The Price Stickiness Distortion

As we discussed previously, PD does neither affect the steady-state nor the flexible price
dynamic equilibrium of the economy. However, it does affect the sticky price equilibrium in
a fundamental way. In an environment with sticky prices, idiosyncratic productivity shocks
generate relative price distortions that reduce welfare. In order to illustrate this point, let’s

define the aggregate usage of labour in the economy by,

1
he = | he(2)d(z) (3.7)
/

since,

Pyi(2)\ °
() = Vi) = () i (33)
t
Thus h¢ can be written in terms of domestic output, Y ;,aggregate productivity, A, and

relative price distortion term, A; as follows,
he = Yit AtAy (3.9)

where,

A, = /(1) <P H;t(z)>_a Ajj)d(z) (3.10)

Notice that when,A; > 1, there exist an extra cost of producing Yy, given by the ad-

ditional real resources required to produce this amount of output, (A; — 1). This extra cost

3See Gali and Monacelli (2005) for a detailed discussion of a canonical representation of an small open
economy, and De Paoli (2005) for its implications in optimal monetary policy.
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of production is generated by price stickiness. When prices are sticky, some goods that are
relatively expensive to produce are sold relatively cheap. In this case, the efficiency condition
that equalizes the marginal rate of substitution to the marginal rate of transformation of any
two goods does not hold. As we show in appendix, C, up to second order this cost can be

expressed as follows,

~

1
Ay ~ wvarya; + 552 (phi(2) — ph7t)2 (3.11)
—& (ay(z) — ay) (ph,t(z) - ph,t)

From (3.11) it is clear that when pj, +(2) = pp+ and var.a; = 0, the economy reaches its efficient
allocation, one in which labour usage for production is not distorted by relative prices. This
allocation can be achieved by a policy that fully stabilizes domestic inflation in an economy
where there are no sector specific technology shocks. However, when there exist sector specific
shocks, zero domestic inflation is not anymore the optimal policy, since the central bank can do
better by inducing a positive correlation between relative prices and idiosyncratic productivity
shocks.

In an open economy, the central bank can induce a correlation between the aggregate price
level and sector specific technological shocks, if some firms set prices in dollars, by making the
nominal exchange rate to react to these type of shocks. In turn, this potential behavior of
the central bank generates the necessary conditions for some firms to choose to set prices in
dollars.

We will discuss in detail in sections 4 and 5 the optimal policy of the central bank and
the optimal pricing strategy of firms. However, for this section it is important to highlight
that the interactions of sector specific shocks and sticky prices generates the incentives for the
central bank to use more actively the exchange rate and for firms to set prices in a foreign
currency. Next we derive the aggregate supply and demand of this economy, building blocks

for analyzing the design of optimal policy.

3.4 Aggregate Supply

We derive the aggregate supply equation of this economy by aggregating over the continuum
of firms the log linear approximation of their optimal pricing rule. In this economy, at each
point in time there exist three type of firms differentiated by their pricing strategy. A first
type, of mass 0, set prices flexibly observing the realization of all shocks in the economy. The
remaining fraction, 1 — 6, set prices one period in advance, thus they use only information up
to period, t — 1. From this second group of firms, a fraction (1 — 6) s sets prices in foreign

currency, whereas the remaining one, (1 — ) (1 — s) does it in pesos. The fraction s will be
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endogenously determined as an equilibrium property of the equilibrium of the economy in
section 5.

Since firms that set prices in advance are chosen randomly we define by © the set with
mass 0 of firms with flexible prices and by 3 the set with mass (1 — 0) s of firms with sticky
prices in dollars. Up to a first order approximation the aggregate domestic price index, defined

in equation (2.5), is given by,
1
pre = [ pual2)d(2) (3.12)
0

Notice, that the optimal pricing rules of the three types of firms given by equations (3.2),
(2.32) and (2.35) up to a log linear approximation around the steady-state are given by,

Wt + at(z)
Pht(2) — Pht = By 1 (wy + a(2)) — (Pht — Er—1Ph )
Ei_ywy +dpy + ag(2)) — (P — Er—1pne) + e — Er_1ey

where, w; represents real wages in terms of domestic prices. Notice that for firms that set
prices flexible, up to a log linear approximation, the optimal relative prices is equal to the
real marginal cost, first row in the previous table. For this group of firms neither unexpected
inflation nor unexpected depreciation affects its relative price. In contrast, for firms with sticky
prices, unexpected inflation reduces their relative prices, and for firms with prices in dollars,
unexpected depreciation of the domestic currency increases their relative price. Aggregating

over firms, we obtain the following condition for the aggregate supply,

0
Pht — Ei—1phy = T—¢ (we + ag) + (Er—1 (we + ag)) (3.13)

+s (Et—l (et) — €t)

Taking conditional expectations in period t — 1 to this previous equation, we can easily
show that, F;_1 (wy + a;) = 0, thus, we have,

0
DPht — Ei1Dht = 1-0 (wi +az) + s (Ey—1 (er) — et) (3.14)

Since, from the log linear approximation of equation (2.8) and equation (2.23) we obtain,

Wt = 'Uht + ¢ — Zht (315)
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Ct = Yht T Zht (3.16)

By using equations (3.15), and (3.16) to eliminate real wages and the aggregate productivity
shock, we obtain the following aggregate supply equation in terms of output gap, unexpected

changes in prices and in the nominal exchange rate,

Pht = Ei—1 (pht) + kxe + s (e — Er_1 (er)) (3.17)

Where, 2 = v+ — vy , yi = —az and kK = (1 +v) ﬁ. Notice that when, s = 0, the
aggregate supply curve converges to the standard case of small open economy without price
dollarization. Differently when a positive mass of firms sets prices in dollar, s # 0 unexpected
changes in the nominal exchange rate, show up as a cost push shock in the aggregate supply
curve. Therefore, to stabilize domestic prices, the central bank has to set both the output gap
and the nominal exchange rate equal to zero. Using a simple transformation, equation (3.17),

we obtain the Phillips curve in this economy,

Tht = Et_lﬂ'h,t + KTt + 8 (Aet — Et—l (Aet)) (318)

where, k represents the slope of the Phillip Curve

3.5 Aggregate Demand

We derive the aggregate demand equation combining the following log linear approximation
equations of the Euler condition, the demand for domestic goods, the risk sharing condition

and consumer price index aggregator,

Ct — EtCt+1 - (lt - EtT(t+1) (319)
4z
= 2
YH ¢ T—~ + (3 0)
QG =ci —Y; (3.21)
Ty = TFH’t + %Aqt (322)

As we show in appendix, B, the aggregate demand equation in terms of output gap consistent

with the previous four equations, is given by,

Tt — Etxt—i-l - (’Lt - Et7TH7t+1 - 7’?) (323)
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The other relevant condition that comes from the aggregate demand section is the one that
determines the dynamics of the nominal exchange rate. The nominal exchange rate in this
simple economy depends on domestic prices, the output gap and a compositive real exchange
rate shock,

et = Pt + Tt + 1 (3.24)

Where 7,, the composite real exchange rate shock is defined as follows,
Ny = —xf +a; — T —ay (3.25)

Thus our SOE with PD is fully determined by equations (3.18), (3.23) and (3.24). Notice
that when, s = 0 our model economy collapses to a standard SOE, where there does not exist

a trade-off between stabilizing domestic inflation and output gap.

4 Optimal Monetary Policy

In this section we follow closely Woodford (2003) and Benigno and Woodford (2004) in deriving
a microfundated lost function for a central bank in an economy with PD. This lost function
is obtained from a second order Taylor expansion of the utility function of the representative
household around a deterministic steady-state. In order to simplify the analysis, we focus in an
steady-state that is efficient, since in this case, a log linear solution of the rational expectations
equilibrium of the model is enough to obtain an accurate measure of welfare. When the steady-
state is not efficient, a second order solution of the rational expectations dynamic equilibrium
is required. First, in order to fully characterize the efficient steady-state allocation we solve
for the social planner problem. Then, we approximate the household welfare function using a
second order Taylor expansion around this efficient steady-state. Finally, we analyze optimal

monetary policy based on the microfundated welfare function obtained previously.

4.1 Optimal allocation

Since the economy is distorted by monopolistic competition and terms of trade, it is helpful
to solve the problem of the social planner to fully characterize the optimal allocation in this
economy. We assume that the social planner is a benevolent one, therefore it chooses an
allocation that maximizes the welfare of the representative household, given by:

t=zoo . Nt1+v
— 1+
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Subject to the resource constraint that, given the particular parametrization we have chosen,

can be written as follows:

Cr=Y, Y (4.2)
the production function
hy
Y, = 4.
PTAN, (43)

where, Ay accounts for the distortion that inflation generates in the economy through relative
price dispersion, defined in equation(3.10). Let’s first solve for the conditions that characterize

an steady-state equilibrium with zero inflation.
Ay =1 (4.4)
Therefore, in steady- state, equation (4.2) becomes:
C=Y'77y* (4.5)

In this case, the first order condition for the efficient allocation of consumption and labour is
given by:
C
v=~0-7)% (4.6)

Which can be also written in a more convenient way as follows:
Yv=C(1—-7) (4.7)

Notice however that this condition for efficient allocation in steady-state, differs from its analog
under the decentralized equilibrium. In this case, the marginal utility of consumption and the
marginal disutility of labour differ by a factor,(1 — ®) that accounts for the distortion that

monopolistic competition generates.

(1-®)C =vY (4.8)

where: (1 —®) = 1777, and 7 represents a subsidy or tax, that can be used to eliminate the
distortion that these two features of the economy generate. Thus, in order to make the steady-
state of the decentralized equilibrium compatible with the efficient allocation that the social

planner determines, we choose 7 such that, (1 — ®) = (1 — ).
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4.2 The Central Bank Welfare Lost Function under Price Dollarization

In order to obtain the lost function of the central bank, we follow most of the recent literature
on optimal monetary policy by assuming that the central bank implement its policy aiming
at maximizing the welfare of the representative agent in this economy. In particular we follow
Woodford (2003)#, and we approximate equation (4.1) by taking a second order Taylor expan-
sion around the efficient steady-state equilibrium. Up to second order of accuracy, the welfare
function of the representative agent in an economy with PD can be written as a quadratic
function of output gap, z;, unexpected changes in domestic prices, py, ¢, unexpected changes in
the nominal exchange rate, ¢; the correlation between py, ; and €;; and the correlation between
e; and ag . Where this last term represents, the average productivity dispersion of firms that
have set prices in dollars. Thus, the lost function that the central bank aims at minimizing

in an economy with PD, is given by the following equation,

Qt
2
t

8

IBt (A./f? + ﬁ%,t + Aeé? + QSﬁmtéVt - 29'6}557,5) (49)

o

where, Q:UCY(l—v)sﬂlge), Ae = s0 <1+@) , A= (1+v)# and

as,t = / (at(z) - at) d(z), ]3h,t = (ph,t - Et—lPh,t)» and e; = (et - Et—let)
=

Several remarks are in order to qualify this welfare function. First, since we assume that
fiscal policy is used to eliminate the distortion that monopolistic competition creates in produc-
tion, the optimal target for the output gap is zero. Second, in an economy with PD exchange
rate volatility generate welfare losses, thus the central bank has incentives to smooth exchange
rate fluctuations. In that sense we can argue that it is optimal for the central bank to exhibit
some degree of "fear of floating", in the terminology of Calvo and Reinhart ( 2001). How much
fear of floating, it will depend on the degree of PD.

Third, the central bank can reduces welfare losses by generating a positive correlation
between productivity shocks of firms with prices in dollars and the nominal exchange rate.
The intuition of this effect is simple. Since firms with prices in dollars can not change their
prices after the realization of shocks, a negative productivity shock, an increase in a;(z) deviates
their relative price from its optimal level, generating more price distortions in the economy.
Since price distortions generate efficiency losses, the central bank has the incentive to partially
offset the effect of these shocks by increasing the nominal exchange rate. With a depreciation
of the domestic currency, the relative price of firms affected by the negative productivity shock

will increase, thus the gap of their relative price with its optimal value will diminish.

4The appendix D shows the details of this derivation
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Similarly, in a economy with PD, according to equation (4.9), a positive correlation between
the nominal exchange rate and domestic inflation generate welfare losses since this correlation
increases the dispersion of relative prices between firms the fix prices in pesos and those that
do it in dollars. It is important to notice that in an economy with PD the first best allocation
is unattainable, since the central bank has just one instrument, either inflation, or the nominal
exchange rate, but more than one objective, ps+ = eq; = z; = 0. Therefore, optimal monetary

policy can achieve only a second best.

4.3 Optimal Monetary Policy Under Commitment

We use the lost function of the central bank, equation (4.9) to analyse the implementation of
optimal monetary policy under commitment. To implement its policy, the central bank mini-
mizes equation (4.9) subject to the Phillips curve, and the dynamics of the nominal exchange
rate, equations (3.18) and (3.24) respectively®. The first order condition of this problem is

given by the following equation,
(Ae + S) 5:5 — 6537t + (1 + S) ﬁs,t =0 (410)

Under optimal policy it is optimal for the central bank to generate unexpected movements
in both the nominal exchange rate and the domestic prices that respond to productivity shocks
of those firms that have set prices in pesos. Thus, the central is using the nominal exchange
rate and domestic prices to try to minimize the relative price distortions that sector specific
shocks generate when prices are sticky. Equations (4.10), (3.18) and (3.24) fully describe the
rational expectations equilibrium of this economy. From the Phillips curve is easy to show that

E;_1z; = 0, thus equation (3.24) can be written as follows,
€t = Pht + Tt + 1 (4.11)

Using equations (4.11), (4.10) and (3.18) we can find the rational expectations equilibrium
of this economy under optimal policy. Thus we have that under optimal policy the nominal

exchange rate, the domestic prices and the output gap are given by,
gt = YE{ﬁt + YEQaSi (412)

Pht = —W3T); + Walsy (4.13)

>The details of the Central Bank Problem under commitment are presented in appendix C
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Ty = — s —;SWI)% + s ;SW2)5S¢ (4.14)

Where the parameters, w1, we,w3 and w4 are defined as follows,

k(1+s) 0(1+k)
W1 = "4q W2 = Tqa
_ K(Ae+s) _ (k+s)0
W3 = —ad W4 = g

where,
dd=[(k+s)(1+s)+ (1 +k)(Ae+3)]

Notice that in the allocation under optimal monetary policy the nominal exchange rate is
not fully flexible in the sense that respond not only to real exchange rate shocks, but also to
domestic productivity shocks of a particular group of firms, those with prices in dollars. More
precisely, when a negative productivity shocks hits firms with prices in dollars the central
bank increases the nominal exchange rate. This reaction of the nominal exchange rate reduces
relative price distortions, since with a higher nominal exchange rate, the relative price of dollar
firms increases partially absorbing the impact of the negative productivity shock. When a
positive real exchange rate shock hits the economy, the nominal exchange rate depreciates, as
in economies without PD

Domestic prices also react to productivity shocks of firms with prices in dollars. As in the
previous case, when a,; increases, goods with prices in dollars become relatively cheap respect
to peso goods, an increase in domestic prices reduce this gap. Also, domestic prices fall when a
negative real exchange shock hits the economy, since the nominal exchange do not fully adjust
to real exchange rate shock, domestic prices and the output gap absorb part of the effect of this
shock in the economy. Notice that a feature of the equilibrium of this economy under optimal
monetary policy is that output gap falls when the real exchange rate increases. This effect of
real exchange rates is explained by the fact that the central bank smooths the exchange rate,
the economy can not reach its potential level of output, thus the output gap becomes negative.

It is interesting to notice that when there is no PD, this is when, s = 0 the rational
expectations equilibrium under optimal policy for domestic inflation, the nominal exchange

rate and the output gap are given by,

Phe=0 e =1
51520

In this case, it is optimal for the central bank to make the price level constant, therefore,
no unexpected inflation is generated in equilibrium, and to let the nominal exchange rate to

float freely. In this equilibrium the nominal exchange rate fluctuates only responding to real
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exchange shocks. On the other hand, since without PD, the output gap is proportional to
unexpected inflation, this latter variable will be also equal to zero in this equilibrium. In order
to illustrate how the domestic price, the nominal exchange rate and the output gap are affected
by the degree of PD when the central bank implements monetary policy optimally, we use a
calibrated version of the model, where we set 8 = 0.5, v = 1.5 and € = 10 and use conditions
(4.12), (4.13 ) and (4.14) to show the implied variance of these three variables for different
degrees of PD. The results are depicted in the next graph,

Volatility Under Optimal Monetary Policy and Price Dollarization
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As the previous graph shows, when the degree of PD rises in the economy, the volatility of
the nominal exchange rate and inflation falls, and the corresponding one for the output gap
increases. This evolution in the volatilities of these three variable reflects the optimal response
of the central bank. When the degree of PD increases, the weight that the nominal exchange
rate has in the welfare lost of the central bank increases, consequently also the incentive of the
central bank to smooth the exchange rate. Since the Central Bank has a limited number of
instruments it can not simultaneously achieve all of its objectives, therefore, as exchange rate
become more important, the central bank has to put less weight in output gap stabilization,
thus, in equilibrium output gap volatility increases..

Up to this section we have derived results for optimal monetary policy but assuming that

the degree of PD is given. However, this variable is not exogenous to monetary policy, by the
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contrary, it is determined by monetary policy. In the next section, we show how firms decide
which currency to use for setting its prices and the interaction of this decision with optimal

monetary policy.

5 Endogenous Price Dollarization

In this economy every firm decides in which currency to set prices by comparing the expected
profits they obtain when setting prices in pesos with those obtained when prices are set in
dollars. Let’s denote by € (z) the level of profits in real terms that firm z will obtain under
peso pricing, and by ¥(z) the level of real profits under dollar pricing. Firm z will set prices
in pesos if and only if the expected profits of setting prices in pesos excceds the corresponding

one of setting prices in dollars, thus for a firm to set prices in pesos it must be true that ,

Et_lg (Z)

BV (z) > 1 (5.1)

Equations (2.32) and (2.35) gives us the optimal price levels under each pricing strategy.
Plugging in these optimal pricing rules into their corresponding profit functions, equations

(2.29), (2.33) allow us to rewrite the optimal profit function in a much simpler way,

_ 1—e
(n—1)p° (Et—l (tht(Z)PfJ,t»
Q(z) = N (5.2)
Bt (P) P
similarly for profits under dollar pricing we have,
1—e
(n—1)p° (Et—l (tht(Z)dfq,t»
U(z) = (5.3)

—€
Ei 4 (dztl) Prey

Using equations (5.2) and (5.3 ), the condition for setting prices in pesos, equation ( ) can be

(Bir (wed2)P5,)) " (B (v52))' - (5.4)

(Etfl (tht(Z)d%{,t»lie (Et*l <d§;t1>>6

In order to gain more intuition on this condition, we take a second order approximation of

written as follows,

equation (5.4) around the steady-state. The details of the derivation are provided in appendix
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E. We obtain the following condition,

0 > %Et—l (ﬁi,t - C/l?zt) + Er—1[er (ai(z) — at)] (5:5)
+(1 ; 9) Ei1[et (pne — Et—1 (Phs))]
s (a ; G)Et_l et (et — Ey—1(eq))]

Condition (5.5) has a very intuitive interpretation. First, when expected volatility of do-
mestic prices is expected to be high, Et,lﬁ%t setting prices in pesos exposes the firm to a
higher relative price misalignment, consequently it expects to have lower profits. As its clear
in the previous equation when Et,lﬁ%m is relatively large, the likelihood that condition (5.5)
holds, thus that a firm set prices in pesos, is lower. Similarly, when the volatility of prices
in dollars is expected to be high, firms have a stronger incentive to set prices in pesos, since
setting prices in dollars it would generate a lower expected profit.

A similar intuition applies for the case of the variance of the nominal exchange rate, as this
variance is expected to be higher, firms have more incentives to set prices in pesos. However,
the more interesting mechanism of equation (5.5) comes from the correlation of the nominal
exchange rate with the productivity shock of firm z ,a;(z), since this correlation links monetary
policy with the pricing decision of the firm. When E;_1 [e; (a;(2) — a;)] > 0, by setting prices in
dollars firms will have a higher expected profits, since the nominal exchange rate will partially
offset the negative effects of productivity shocks. Higher this correlation, higher the incentive
the firms has to set prices in dollars, by generating high relative prices misalignments.

Finally, firms will have more incentive to set prices in dollars when the real exchange rate
is more stable, this is precisely what a positive correlation between the nominal exchange rate
and domestic prices will deliver and what it will make condition (5.5) less likely to hold .

With a bit of extra algebra, we transform equation (5.5) in the following equation that
is more suitable to define the equilibrium level of price dollarization since uses unconditional

moments.

oy, var(d) —var(prs) <5 ;) <1 9

—cov((a¢(z) — at) , &) + 59 T) var (e;) <0 (5.6)
Notice that condition (5.6) determine whether or not a particular firm set prices in dollars,
not in pesos as in equation (5.5). Using the rational expectations equilibrium solution for the

nominal exchange rate, the domestic price level, given by equations (4.12) and (4.13) we obtain
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the following condition,

cov[(ay(2) = ar) s ass] > xqvar (ase) + xavar (n;) — x3cov (@st, ) (5.7)

where the parameters x;, x5 and xs are defined as follows,

2_,.2
(WJF(S_%)%%%) ((w3+w216)2_w2+(8_%)¥w%)
Xé = w2 X2 = o
B ( [(W4*wz)(w2:;+W1)+W3w4] —2w1w2(s—%)¥>
X3 = w2

Condition (5.7) allow us to define the equilibrium degree of PD in this economy as the
size of set, ¥ where all elements of this set satisfy condition (5.7), thus we have the following

condition for the endogenous degree of PD.

Y ={z:covf(ai(2) — ar) , as] > xqyvar (ast) + xavar (n,) — xzcov (ase, ) } (5-8)

Notice that condition (5.8) defines a fixed point over the space of sets, since for evaluating
condition (5.7) we need to know the set X, and to know the set ¥ we need to know which mass
of firms satisfy condition (5.8). Thus we can not tell much about the equilibrium degree of
PD of this economy unless we specify some structure for the second moments of a;(z). Next
we use a very simple case that is enough to allows to obtain qualitatively results about the

equilibrium degree of PD and its relationship with optimal monetary policy.

5.1 The equilibrium Price Dollarization Under Optimal Monetary Policy

The simplest possible case that we can assume is one in which there exist only two sectors
in the economy, thus we have only two sector specific shocks that we denote by a1 and ag,

which have the same mean and variance but with a coefficient of correlation equal to -1,

Ei1(arg) = p Ey_1(agt) = p
Et—l(a2,t - Et—l(a2,t))2 = o? Et—l(aLt - Et—l(a17t))2 = o2

E; 4 (al,t - Etfl(al,t)) (az,t - Etfl(aa,t)) = —0’2

these assumptions provide a minimum set of conditions to have a well define equilibrium
1

degree of PD. Furthermore, it simplify the analysis by making, a; = / (at(z) — a)dz = 0 and
0
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1

var (ar) = var / (an(2) — a)dz | = 0.

In order to doeﬁne the equilibrium let’s start by defining F'> as the set of all possible
elements that belong to 3 . Since there are only two sectors, we can have only the following
possible cases, no one set prices in dollars, firms type 1 set prices in dollars, or firms type 2 set
prices in dollars. Both firms can not set prices in dollars by assumption. We assume that when
indifferent between setting prices in pesos and in dollars a firm sets prices in pesos. Since,
6 = 1/2 one firm has to set prices in pesos with probability 1. Thus all possible elements of

the set that defines the firms that set prices in pesos is given by,

FI' = {{¢} vzl>z2>}

An equilibrium in this simple economy it will be given by the set of firms that satisfies
equations (5.7). Since we are interested in analyzing an equilibrium where price dollarization
exist, we are going to focus on the conditions that guarantee that s = %, which is equivalent
to

['={z}

or

['= {2}

Since under the assumptions we have made on the two sectorial shocks, cov (as¢,7;) = 0, we

have that the conditions that guarantee I' = {21} as an equilibrium are,

cov [(a1y — ay), (a1 — ar)] > xqvar (a1y — ar) + xqvar (n;) (5.9)

cov [(ag — at) , (a2t — ag)] < xqvar (a1 — ay) + xgvar (ny) (5.10)

rearranging the previous equations we have,

(1-x1) 07 >X20727 (5.11)

o012 — X109 — X20‘37 <0 (5.12)

From equation (5.11) and (5.12) it is easy to see that a necessary condition to sustain an

equilibrium with PD is that the size of domestic shocks relative to real exchange rate shocks
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reaches a critical value given by,

2
01 X2

—_ > —= 5.13
0127 (1-x1) ( )

Q
I N

P12 < X1+ XQU (5.14)

=N

where, x5 and x; are evaluated at s = % and 0 = % In this simple example,for the
calibration described in section 4.3 both conditions (5.13) and (5.14) are simultaneously satisfy
when Z—;} > 0.91 . Thus, for this calibration when domestic sectorial shocks are at least 90
percent as volatile as real exchange rate shocks, the equilibrium under optimal monetary
policy implies a degree of PD of 50 percent. This example shows that the necessary condition
to sustain an equilibrium with PD under optimal monetary policy, is to observe large enough
domestic sector specific technology shocks. This result has a parallel with the intuition of
Mundell (1961) on optimal currency areas. Mundell, defines an optimal currency area as
geographical area that share common real shocks. In our model, within the domestic economy
there exist two currency areas in the terminology of Mundell, when there exist enough volatility
in the domestic sector specific shocks.

Also, this example provides some rationale for the high degree of persistence that PD has
exhibited in emerging economies. Since having more than a currency might have some benefits
for stable economies, as we previously show, agents in emerging economies with a history of
high inflation, might not want fully switch back to setting prices in the domestic currency, to
benefit of the advantage of having two currencies.

Next we explore the effects of deviations of monetary policy from its optimal rule on the
degree of PD. We perform two simple exercises, in the first one we ask whether a central bank
that is more adverse to inflation that what is optimal can achieve lower degrees of PD, whereas

in the second one we look for the implications of excess of "fear of floating".

5.2 Price Dollarization and inflation aversion
In order to perform both exercises we parameterize deviations of the central bank from its
optimal policy rule. For the first exercise, we use the following alternative central bank reaction
function,

[(Ae + S) gt — Gﬁs,t] 0+ (1 + S) ﬁsﬂf =0

where we label by p the index of how much the central bank dislike inflation. When, 9 =0

®One of the most important features of economies with history of dollarisation is their adaptation for the
use of a foreign currency, at the level of being relatively cheap to use both currencies.
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we have a central bank that is an inflation nutter, since, it this case, it would implement a
policy where,

ﬁs,t =0

As o increases we have a central bank who tolerates increasingly more inflation. The next
graph shows in the vertical axis the size of relative shocks, %% that sustain an equilibrium with
PD and in the horizontal one a measure of how much the central bank likes inflation, (o — 1).
We have normalized this measure so that the case of optimal monetary policy coincides in
this axis with zero. As this graph show, when the central banks deviates from this optimal
behavior, in particular, as it tolerates higher levels of inflation, the size of relative shocks that

sustain an equilibrium with PD falls, making more likely an equilibrium with PD.
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When a central bank tolerates more volatility on inflation, firms that set prices in pesos
are exposed to higher profit losses generated by deviations of their relative prices from their
optimal levels. In this more volatility environment, it turns out optimal for some domestic
firms to react by setting prices in dollars . By setting prices in dollars firms partially isolate
their relative prices from inflation because movements on the nominal exchange rate, which

are positively correlated in equilibrium with domestic inflation, tend to stabilize their relative
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prices. Thus in our example with just two sectors, when inflation is more volatile PD is sustain
as an equilibrium for decreasing size of domestic productivity shocks.

The other interesting insight provided by the previous exercise is that a central bank who
implements monetary policy by using an inflation target framework, with more weight on
inflation stabilization than in other objectives, can effectively reduce PD. As the previous
graph shows, as the central bank dislike inflation more, the relative size of domestic versus real
exchange rate shocks that sustain an equilibrium with PD increases, thus making less likely

this equilibrium.

5.3 Price Dollarization and Fear of Floating

In this second exercise we parameterize "fear of floating" by considering that the central bank
deviates from the optimal weights that it puts on exchange rate volatility, A. and on the
cross terms between €; and as¢, when implementing its policy. More precisely, we shift both
parameters by a factor, g,. When g, = 1 the central banks is using the optimal weights,
derived in section 4.2, for the exchange rate terms on the welfare function. Then, we calculate
the critical relative size of domestic sector specific versus real exchange rate shocks, %%, that
sustain an equilibrium with PD, s = %

The results are presented in the next graph. As in the previous case, we normalize the
degree of fear of floating, by using 1 — ¢ on the horizontal axis. This normalization allow us

to located the equilibrium under optimal monetary policy at point zero on this axis.
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The equilibrium with excess of "fear of floating", can be located,in the previous graph, at
the horizontal axis, on the left of the zero point. As degree of "fear of floating" increases, an
equilibrium with PD can be sustained with relative smaller domestic sector specific shocks,
making more likely an equilibrium with s = % Notice that all points on the horizontal axis
different from imply higher welfare losses than when the central bank implements monetary
policy optimally. Thus, our model implies that excess of "fear of floating" induces an excess
of price dollarization and consequently welfare losses. As the degree of fear of floating falls,

as we move from left to right in the previous graph, the size of relative shocks that allow an

1

equilibrium with PD increases, making less likely to observe an equilibrium where, s = 3.
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6 Conclusions

In this paper we have studied how monetary policy should be conducted in an small open
economy where firms that faces sector specific shocks can set prices in two different currencies.
The results of this paper suggest that in this type of economies optimal monetary policy
involves some degree of exchange rate smoothing and an active reaction of the central bank
to sector specific productivity shocks. When domestic sector specific productivity shocks are
large enough, an equilibrium with positive degree of price dollarization is sustainable under
optimal monetary policy. As in Mundell (1961), where it is optimal that two countries share a
common currency when they face similar real shocks, in this paper, we show that it might be
optimal for a particular economy to have more than one currency when there exist asymmetric
productivity shocks within the economy.

The paper also explores the implications of deviations from optimal policy on the degree of
price dollarization. In particular, we analyze two cases: when the central bank is an inflation
nutter and it exhibits "excess of fear of floating". A central bank that is more adverse to infla-
tion than society would generate, in equilibrium, a lower level of PD. In that sense, the model
predicts that in countries where an explicit inflation targeting is successfully implemented it
is less likely to observe price dollarization. However, in this model, an inflation nutter central
bank would induces welfare losses by responding sub-optimally to sector specific productivity
shocks.

On the contrary "excessive fear of floating" leads to an "excessive" degree of price dollar-
ization, as firms try to take advantage the benefits that pricing in foreign currency offers in this
case. However, excess degree of price dollarization induces welfare losses for the society, since
by keeping the nominal exchange rate more stable, the central bank has to tolerate increasingly
high levels of volatility in output gap and domestic inflation.

The results of the paper also provide some insight on the differences between the problem
that a central bank faces in an small open economy and in a close one. Clarida, Gali and
Gertler (2001) and Gali and Monacelli (2005) show, for a particular type of preferences, that
the equilibrium dynamics of an small open economy model with sticky prices can be represented
only by two equations, a dynamic aggregate demand equation and a Phillips Curve for domestic
inflation, thus making the problem of the central isomorphic to the case of a close economy. By
contrast, in this paper, we provide a model where this does not hold, even in the particular case
analyzed by the aforementioned authors. In our model, even when the terms of trade channel is
not present, the central bank problem in a small open economy differs from the corresponding
one in a close economy. In particular, a fully flexible exchange rate is not optimal, but instead

the central bank smooth exchange rate fluctuations.

32



Finally, the paper can be extended in many directions. First, we can use a more general
assumption on preferences that allow to study simultaneously the interactions between the
channel of terms of trade and sector specific productivity shocks on the design of monetary
policy. Second, we can assume a more complex structure on the correlations among sector
specific productivity shocks, as in Loyo (2001), which it will permit us to generate a continuous
mapping between policy and the degree of price dollarization, finally we could at taxes to
analyse the interaction between monetary and fiscal policy when a country faces sector specific

productivity shocks.
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A The steady-state

From equation, (2.27) we define, the following implicit function of terms of trade,

Ty = ﬁ (A1)

therefore, we have that the real exchange rate can be written as follows,

T

Q=15 (A.2)

Also, from the risk sharing condition, equation, (2.13), we obtain:

c=v* () (4.3)

Plugging in equations (A.2 ) and (A.3 ) into the steady-state version of equation (2.23) we

obtain the following condition for the home output
Yy =K(T)Y* (A.4)

where,
K(T)=T (A.5)

Since at the steady-state, marginal costs of all domestic firms are the same, we have that,

1 Y C°
g = = A.
” mes = meg 7 (A.6)
and, consequently all relative prices, Pl’i}(f) = 1. From equation (A.6 ), we have that,
1 T
—=Y5 (" (—) h(T AT
=) (G ) B (A7)

we also define, HTT = 1—®, as the distortion generated by monopolistic competition, therefore,

equation, (A.7 ) can be written as:

1

1
Ygp=(1-®)» ——
(vo)r %

(A.8)
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Combining equations (A.4) and (A.8), we obtain the following condition to determine, T’

S|

Kyt = 1=2)° (A.9)

(Y*)

=

In a symmetric equilibrium, where the foreign economy has an identical structure to the do-

mestic one, it holds that,
Y* = (1- @)™ (A.10)

therefore, we have the following condition to determine terms of trade a the steady-state.
K(T)T+ =1 (A.11)

From equation (A.11) we have that 7' = 1, using equation, (A.8), we obtain,

1

Yy=Y*"=(1-&)7 (A.12)

From equations (A.1) and (A.2),
Q=Zg=1 (A.13)
and from equation (A.6), we obtain that,

1

C=Yy=(1-®)7 (A.14)

A.1 The flexible price equilibrium

We solve for the flexible price equilibrium of this economy by using the log linear approxima-
tion of the model equation around its steady-state. The set of equation characterizing this

equilibrium is given by

o = Eycpsy — % (it — Byryan) (A.15)

yre = —nzae + (L =7) ¢+ g +vy; (A.16)
g =o0o(ct—y;) (A.17)

b= q—tv (A.18)
0=vymrt+oc —zae + (1 +v) ay (A.19)
ZHt = G — tt = =Yty (A.20)
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Using this system of six equations we can solve for the natural levels of the interest rate, output,
the real exchange rate, terms of trade, consumption, and domestic relative price. Combining
equations (A.17), (A.18) and (A.20), to eliminate, the relative domestic price, and terms of
trade, equation (A.16) can be written as follows:
~Yw
YHt = —F——qt + ¢ (A.21)
o(l—7)
wherew = no + (1 —+) (no — 1), the plugging in equation (A.17) into equation (A.21) we
obtain:

Y= ——— @ty A.22
oy (1 o ,_Y) t ( )

g
yw+(1—7)
in terms of productivity shocks and the level of foreign output,

where, o, = . Using, equations (A.22) and (A.19) we obtain the natural level of output

Y = —Tar +yPy; (A.23)

where, ' = Ulj';y WU = —% and ©® = w — 1. On the other hand, the natural interest rate can

be obtained by rewriting equation (A.15) in terms of domestic and foreign output,

o w—1)o . 1
0= Et <7yAyt+1 + %Ayt—‘rl) — ;Tt (A24)

Plugging in equation (A.23) into equation(A.24), we obtain the natural interest rate in terms

of shocks, productivity and foreign output,
ri =0y (1 —pg) Taz +voy (0 + V) EAy; (A.25)

By setting 0 =7 =1 we have I' = 0y = 1, ¥ = © = 0 therefore, equations (A.23) and (A.25)

become,

which correspond to equations (3.4) and (3.5 ) on the main text. Equation (3.6) of the main
text is obtained from equation (A.22),

g =1 =7) Wi —v) =— 1 —7) (ax — a})
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B Sticky Price equilibrium

B.1 The aggregate supply curve

In order to obtain the domestic aggregate price level we approximate up to first order equation

(2.5, thus we have,
1

Phit = ph,t(z)d(z) (B-l)
/

however, after log linearize, py, ¢(z) for the three relevant cases, we obtain the following condi-
tion,
wi + phyt + a(2)
pht(2) = Ey—1 (wi +phyg + ar(2)) (B.2)
Ei1(we+dnt + ar(2) + e)

We use this previous condition to obtain equation (B.1) in terms of its determinants, thus we

calculate,

Pht = /[wt + pht + ar(2)] d(z) + (B.3)
©
/ [Bre (wy + dng + ar(2) + e)] d ()
>

+ / [Etfl (wt + Prt + at(Z))] d (z)

[0,1IN\X
Using the fact that,
[az1aez) = oa (B.4)
©
ay(z)d(z) = (1 = 0) a; (B.5)
[0,1\©
We find that,
pht = O(wi+ppe+a)+
(1 —=0)s(Ei—1 (W + pny +ar +er) — e) (B.6)

+(1—=0)(1—s)E—1 (wg + ppt + a)
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Rearranging properly, we have that,

pht = O(wr+a) +(1—0) (B (wi + at)) (B.7)
+(1—0)s(Ei—1(er) —er) +0pns + (1 —6) Er—1pny
Using this equation, we can show that,F;_; (ws + a;) = 0, thus, we have,

wo=—at S B o) - st - B ) B

We know that real wages in terms of domestic prices, up to log linear approximation, are given
by,
wy = vhy +¢cp — 2y (B.9)

Furthermore, given our assumption on consumer preferences, we have that the following rela-

tionship between consumption and domestic output holds,
Ct = Ynt T Zn,t (B.10)

also, we have that,
bt = ynt + ar (B.11)

Plugging in equations (B.9), (B.10) and (B.11) into (B.8) we obtain the following aggregate
supply equation in terms of output gap, inflation expectations errors, and exchange rate ex-

pectations errors,

Pht = Ei1 (pnt) + (1 +v) zy+ 5 (er — Ey1(et)) (B.12)

0
1-0)

Where, z; = y; — y;* and y;' = a;. Using a simple transformation, equation (B.12), we obtain

the Phillips curve in this economy,

7Th,t = Et—lﬂ-h,t + (1 + V) Tt + s (Aet — Et—l (Aet)) (B13)

0
(1-9)

Aggregate Demand
The aggregate demand block is given by the following set of equations,

Ct — Etct+1 — (lt — Etﬂ-tJrl) (B14)

Yqt
= -_-— B . 1 5
YH 1 +ct ( )
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QG =ct —Y; (B.16)
Ty =THt+ LAqt (B17)
L=y
Plugging in equation (B.17) into equation (B.14), we obtain,

Ct = EtCt+1 — <Zt — Et7TH,t+1 — 1 jnytqurl) (Blg)

From equation, (B.15) we can relate consumption and output through the real exchange rate

and eliminate consumption from equation(B.14), such that,

'Y
-

EiAqii1 — <it — B — ] 7 EtAQtJrl)

yat = Eyymsi1 — T
-7

thus the aggregate demand equation for this small open economy will be given by,

vy = Eyri — (i — By 41) (B.19)

Since a similar equation holds in the case of perfectly flexible prices, we can write equation

(B.19) in terms of output gap, as follows,
Tt — Etfft—l-l — (it — EﬂTH7t+1 — 7’?) (B?O)

Furthermore, we link the dynamics of the nominal exchange rate, to the real exchange rate as
follows,

1
Aet =THt + EA% - 7'(';;< (BQ].)
Whereas, the real exchange rate can be determined by the following condition,
@ =g + (1 —7) (2 — 27) (B.22)

where,

g = (1 =) (ax — ay) (B.23)

C Lost function of the Central Bank

In what follows we derive the microfundated lost function of the central bank by using a second

order Taylor approximation of the utility function of the representative agent, equation (C.1)
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around the deterministic steady-state,

hy
14w

U=InC,— (C.1)

We use a generic form of the previous utility function, in order to have a general result, thus

we approximate,

U=U(Ct) = V(h)

Where total labor depends on output, productivity and relative price distortions,
hy = Vi AL Ay (C.2)
and we know from section 5 that at the first best allocation it must hold that,
vY =C(1—7) (C.3)
The second order expansion of the utility generated by consumption is given by, :
w(C) =+ T (Gt 5C2) + g CE + o el ()
collecting terms we have that:
qua):m6<@+%u—nﬂ?>+mp+o@¢ﬁ (C.5)
For our particular case where, 0 = 1. equation (C.5) becomes,
u«}):ﬂiﬁi+t1p+00kw>

Next we take a second order expansion of v(ht), we use equation (C.2) to define the aggregate
level of labour in terms of output,productivity shocks and price dispersion,thus a second order

approximation for the dissutility of labor effort is given by,

— (o 1 Y\ o Ty o ~
o(he) = my@%+n+§<y+%;>Y?+<Lﬂg;>nA0 (C.6)

-Hmp+00kw>
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Notice that since A, is of order o <||€||2> all terms involving second order terms of A; are

dropped out from equation (C.6) , thus, we have,

— ~ — [~ ~ 1 ~ ~ o~
U(Ct)—’l)(ht) = ECCCt—(].—’}/)ﬂCC <At+Yi+§(1+’l})Yf+(1+’U)YZAt>

—Hip+00kw>
imposing the restriction on the coefficient of risk aversion, o = 1, we have:

_ o G0N (- ()P
T\ S0 A -1 () YA

—Hip+00kw>
Let s define the following parameters:
Uyy =—(1=7)(1+v)

uys = (1—7)(1+v)
up = (1-7)

Moreover, since:

Cro= (=Y 7Y/
We can now write the utility function of the representative agent as follows:
uw(Cy) —vlhe) = .Y <—%uyyi}f —ualy — uyAl?tA\t>
-Hip+00kw>
Rewriting appropriately the quadratic terms we have:

1 5 S 1 > S
EuyyY? +uaYi Ay = B (I=7) ((1 +0) <Yt2 -2V A + ﬁf))

(C.7)

(C.12)

(C.13)

since we have eliminated all the distortions of the steady-state equilibrium, the quadratic terms

of the approximated lost function of the central bank can be written as follows:

(1-7)1+v)7;

Do =

1 ~ ~ o~
§uyyy;,2 + UAY}/At =
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w(Cy) — v(hy) =7,Y (-% (1—7)(1+0)72— uA£t> +tipto (HEH?’) (C.14)

Now we have to find the second order approximation of &5,

Py t(Z) AL
Ay = : ~d 1
! / < Py Ay © (C-15)
since, at each point in time, there exist three types of firms in this economy, we have that,
PHt(Z) AL
Ay = : ~d 1
! / ( Pry Ay © (C-16)

(C]
PHt(Z)>_‘E Azt
+ ) ) dz
£< Py Ay

PHt(z)>5 Ay
+ : ~dz
/ ( PH,t Ay

0,1\

First let’s find the second order Taylor approximation of,

(E&dﬁ)‘aég__(&ﬂa)‘géf ]
Prr; P
H i il ~ 1l—¢ (ph,t(Z) + —pit(z) — Pht — _p121,t> + (017)

<PI;£I§Z) ) € % 2

N =

1 1 1
ar(z) + 561%(2) —a — 503 +3¢ (1+¢)pj4(2)

1
t3¢ (e — 1) pjiy — %P (2)pmt

—e (ay(z) — ay) (ph,t(z) - ph,t)

Since,
/(—5 (pht(2) — phe) + ar(2) —ay) dz =0

Also, notice that,

1 1 1
55 Phe(2) + 58P — Epna()pne = 5 (Pna(2) — pny)” (C.18)
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up to second order we have that,
1
A, = / <a?(z) —al + 562 (Pht(2) —ph,t)2> dz (C.19)
(S

1
v [ (@6 @t g o) - ) )
1j\eus

+/ (af(z) —a? + %52 (pre(2) _ph,t)2> i
>

where we further define the cross product terms, as A, such that,

Ay = —E/ (at(2) — at) (Phi(2) — puyg) dz (C.20)
®
+e / (at(2) — ar) (Prt(z) — put) d(2)
0,1\eUs
+5/ ((ar(2) — a¢) (Prt(2) — Phy)) dz
)

noticing that, / (a?(z) - a?) dz = var,a;, we can write Ay up to second order as follows,

1
Ay = varya; + 582 / (phvt(z) — ph,t)2 dz + Ac,t (C.Ql)

Since, pp+(2) and pp, ¢ have second order effects on A; we only need a first order approximation

of py+(2), which from the previous section is given by,

p14(2)
Pht(2) = Pht = By ap1,4(2) — (Pht — Ei-1Pnt)
Ei_1p14(2) — (pht — Er—1pnt) + (et — Ei—1 (er))

where, we denote by p1; the relative optimal price under flexible prices,
P14(2) = we + ar + ar(z) — ar
Since, E;—1(w; + a;) = 0, we have that,

Ei 1p14(2) = Er—1 (a(2) — ay)
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let’s denote by, p, = wy + a¢, thus we have that,

p1a(2) =P + (ar(2) — ar)? + 2, (as(2) — ay)

pg,t(z) = (B (a(z) — at))2 + (Pht — Etflph,t)Q
—2E; 1 (a(2) — ar) (ph,t - Et—lpmt)

pg,t(z) = (Bi-1(ai(z) - at))2 + (ph,t - Et—lph,t)2 + (et — Erq (et))2

—2E;_1 (a(2) — ar) (pht — Er—1pnt) +
+2F: 1 (at(z) — at) (et —Fi (et)) +
—2E; 1 (et — Ey—1(er)) (Pht — Eir—1Dnt)

Furthermore, we have that,

Dy = 0 (Pht — Er—1 (pne)) — R (et — Er—1(er))
therefore,
2
= (Y52 i B o) +
2
((1 ; 9)) 82 (6t _ Et—l (et))2
2
2(552) s oms = s 00 (e~ Broa )
and,

2
p%,t(z) = <<1 ; 9)> (ph,t — FEy (ph,t))2 +

(U520 e
—2 <(1 — 9)>2 s (pht — i1 (png)) (e — Er—1 (er)) +

(ae(2) — ar)® + 2B, (as(2) — ar)
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Thus we have that the aggregate price distortion is given,

/(pw(z) —ph,t)2 dz = gth(z)de—i- / pg,t(z)de

(0,1\SU©

+ /pg,t(z)de

by

Aggregating we have,
/ (Pha(2) — pra)?dz = My + Fy + Gy + MF,

Where, M, contains the quadratic terms that come from aggregate variables,

My, = 0 (((1 ; 0)>2 (Pt — -1 (pny))? + <(1779)>2 s?(e; — By (et))Q)

(1-0)(1~-5s) [(ph,t - Et—lph,t)ﬂ +(1—-0)s [(ph,t — Et—lph,t)ﬂ +
(1—0)s(e; — Er_1 (er))?

Thus after simplifying the previous expression we have,

M, = (1—6) (Pt — -1 (pny))® +

: 50 (1 + S(lTTQ)> (et — Ey—1 (er))”

1-9)
0

Next we consider the quadratic terms specific to each group of firms,

F = / (ar(2) — ap)*d (=) + / (B (ar(2) — ap))? d(2)

e [0,1\sU6

" / (B (ar(2) — ap))? d(2)

2

We can further simplify this expression as follows,

F = / (ar(2) — an)d(2) + / (B (an(2) — ar))2d(2)

b 0,1\

47



Next we consider the cross terms among aggregate variables,

2
G, = 0 (2 <(1f;9)> 5 (pnt — Ei1 (phy)) (et — By (et))>
+(1-60)(1—1s)(0)+

(1—-0)s(2Ei—1 (et — Er—1(et)) (pht — Er—1Pnt))

simplifying this expression we obtain,

Gy =—2 ((1 ; 9)> s (Pnt — Ei-1 (pngt)) (e — Ei—1 (er))

Finally we have the cross terms between idiosyncratic shocks and aggregate variables,

MF, — %, / (ar(2) — an) d (2)

e
2o - Bepns) [ B @l) - ) dl2)
01\xUe
“2(ons = Breapn) [ Bra () - ) d(z)
by
+2 (et - Et,1 (6,5)) /Etl (at(z) — at) d(Z)
>
since, we know that,
Dy = u ; d (Pht — Er—1 (pny)) — = ; d s (e — Ei—1 (er))
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MF; can be further be written as,

1-0
MF, = 2( 7 ) (Pht — Er—1 (pht))

)

-2 (ph,t - Etflph,t) / Ei 1 (a¢(2) —ay) d(2)

0,1\sUe
—2(pnt — Et-1pnt) /Etl (at(z) — at) d(2)
b
42 (e — Br1 (€0)) / By (au(2) — ag) d(z)
>

We can further simplify the previous expression as follows,

(1 ; 0) (Pt — Et—1 (pht)) / (as(2) —a) d (2)

A

MF, = 2

st B ) [ @@ -a)a(e)

A

2 (pt — Errpns) / Frt (an(2) — az) d(2)
[0,1\A

42 (e — Bry (1)) / By (au(2) — ar) d(z)

T

ol
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Putting all the components of price distortion together we find,

—
|

>

~—
V]

/ ne(2) —pnede = LD (o B (o))’ +

(1-0) s(1—0)
7 59(1+

-2 ((1 G 9)> s (Pht — Ei-1(pnt)) (e — Er1 (er)) +

2 = B 1)) [ (l) - a2

o

1
s er — Bt (o) / (as(2) — ar) d (2)

o
—2 (pht — Er—10ny) / Ei 1 (ay(2) — ay) d(2)

[0,1\©

+2(er — By s (er) / By (au(2) — ap) d(z)

b
Using the following properties of large numbers,

/at(z)d(z) = Oa;

S}

ar(z)d(z) = (1 —0)ay
[0,1\©

therefore, it follows that,

/(at(z) —a)d(z) =0a; —fa; =0

o
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then, we can further simplify our lost function of price dispersion,

/ ne(2) —pnede = LD (o B (o))’ +

—2 ((1 ; 0)> s (Pht — Ei-1(pnt)) (e — Er1 (er)) +

—2 (ph7t - Etflph,t) / Eiq (at(z) — ar) d(2)
[0,1\©

+2(er — By s (e) / By 1 (aa(2) — ap) d(z)

by
which after eliminate terms independent of policy, we obtain

3 [ —moris = L~ B )+

2
=9 (1 + 2 (19_ 9)) (er — Er1(er))” +

0

—2 ((1 ; 9)> $ (Pt — Er-1 (Pns)) (er — Ey-1 (er)) +

9 (pps — Er1pns) / Fiy (as(2) — ar) d(2)
[0,1\®

12 (e~ Bri (@) / Er1 ((2) — ar) d(2)

%

in order to save notation, we define the following gaps,
ar(z) = ar(z) — ay

Pt = (Pht — Ei—1Pnt)

e = (e — Ei_1e4)
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therefore, we have,

1

5/(ph,t(z)_ph,t)2 dz = 20 ﬁ%,t+

Now we need to calculate,

+& / a(2)p2(2)d(z)
(0,1\SU©

+e /Zit(z)pg,t(z)dz

b

where, as we defined previously,
pl,t(z) =D + a(2)

p2,t(2) = Ei—1a:(2) — Dh g
p3.4(2) = Er_1a4(2) — Dht + €

and,
_1-0_ _1—9 ~
Py = ] Pht 0 S€t

thus we have,

~ - 1-6_ 1-0 _
Aoy = —5/at(z) (at(z) + g Pht =% set> dz
)

e / () (Brr@n(2) — P) d(2)

[0,1\ZU©

e / 30(2) (Brorn(2) — Py + &) dz
>
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Simplifying the previous expression we obtain,
Ay = —o / 2(2)dz — / By 1 (2)n(2)d(z)

(S} [0,1\©
1-6_ - 1-6 _ (.

0 ph,t/at(z)dz-i-&‘ Set/at(z)dz

(S C)

+6ﬁh,t / a —€€t/at

[0,1\© by

since, as we shown previously, / a¢(z)d(z) = 0, we have that,
[0,1\®

Aot = —eé /at(z)dz +tip+o(Jel)

by

Plugging in the relative price dispersion equation into the welfare function derived previously,

we obtain the following quadratic welfare function for this economy with price dollarization,

u (Cy) —v(h) =Y (—% (1—7)(1+v)z? - uA3t> +tip+o (||€||3) (C.22)

1
At = var,at + 552 / (phyt(Z) — ph’t)Q dz + Acﬂg

Thus the lost function of the central bank, presented in the main text as equation (4.9) can

be written as,
(0.0

W=-QE Y B'L
t=0

1 Ao - - ~ )
L= A xt + 213),2” fef — spht€t — Neg€tass +t.0.p+ o0 (||5||3)

where,
L
— 1-0

Aea
A=(+0) by T / Evr (au(z) — a) d(2)

b
Qg t / at - at Z) Qst = (ass,t + %ase,t)
P
Pht = (Dht — Er—1Pht) e = (e — Ey_1et)
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D Monetary Policy Under Commitment

The central bank has to choose the domestic prices, the output gap and the exchange rate to
minimize the following lost function
min
1 ~ Ae ~

1. I -
L; = Aimf + 5Ph.t + 76152 + sppt€r — Nea€ils t

subject to the constraint of the Phillips curve and the dynamics of the nominal exchange rate,

equations (D.1) and (D.2), presented next,
Dht = KTt + s€t (D.1)

et = pht + T + 1y (D.2)

where, Kk = (1+v) ﬁ, denotes the slope of the Phillips curve, and 7, represents a shock

to the real exchange rate that summarizes the effect of the following structural shocks on the

nominal exchange rate,

= —xp = (@ —ap) — 7

We solve for the optimal monetary policy under commitment by maximizing the following
Lagrangian function, which after applying the law of iterative expectations, can be written as

follows,

oo
Bo{ Y { A2+ 16'P2, + B4 &2+
t=0

5t517h,t€t - Aeaﬁt (et - Etflet) gtas,t
"Hl,tﬂt (Pht — Pht — KTt — s (e —er)) +
048" (et —prt — e —my) + } }

where, 11 and 13 are the Lagrange multipliers of the Phillips curve and of the equation
that constraints the dynamics of the nominal exchange rate. The first order conditions are

given by the following three equations,

A/ft —Rl1t — L2t = 0 (D.3)
Pht + € — 12 =0 (D.4)
Aegt + Sﬁh,t - Aeaas,t + lat = 0 (D5)

These conditions hold at each ¢, with ¢ = 1. They also hold at time 0, given the initial
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conditions,

L1,—1 = (2,1

The optimal plan is a set of policy functions for Zy, pp ¢, €, t1,1,and a4, that satisfy conditions,(D.1),(D.2),
(D.3),(D.4),and (D.5), given the initial conditions and the processes for the exogenous

variables, Gz, and nf. To find the allocating under optimal policy we can combine equations

(D.4) and (D.5) to eliminate, tg; as follows,

(A@ + S) e — Aeaas,t + (1 + S) ]’5}17,5 =0 (DG)

the remaining equations that define the economy are given by,

Aii\t — Rl1t — ﬁh,t + Sgt =0 (D?)
€t = Pht + Tt + 1y (D.8)
ﬁh,t = Rt + Sgt (Dg)

Since from the Phillips curve we have that, E;_jx; = 0, thus we can write equation (D.8) as
follows,
€t = Pht + Tt + 1 (D.10)

using the previous equation and the Phillips curve we can eliminate the output gap,thus we

have, a second condition that relates exchange rate and domestic prices,
(k+s)er = (14 K)Dht + K1y (D.11)

combining equations (D.6) and (D.11) we solve for the exchange rate and level of domestic
prices,

€ = w1 + Walsy (D.12)

where,
a

K — e
w9 — 5
| (i) + 5 (Ae+9)| | D (i) +(Ae+9)|

w1 =

using, equation (D.6) and equation (D.12) we can find the rational equilibrium of prices,
Dht = —T030); + W4as (D.13)

where the parameters, w3 and w4 are defined as follows,

H(Ae+s) oL = (H+S)Aea
[(k+5)(145)+(1+kK) (Ae+s)] 4 [(14s)(k+5)+(14+K) (Ae+s)]

w3 =
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E Endogenous Price Dollarization

E.1 Deriving profit function,

In this appendix we show how to obtain equations (5.3) and (5.4 ) of the main text. The

profit function of a particular firm, z is given by,
Q(2) = Evr [(Pua(2) = Widi(2)) Py ()i, (E.1)
From the first order condition of optimal pricing, we have that,
By [(PHJ(Z) — Wi Ay(2)) P;Ijtl} ~0 (E.2)
rearranging equation (E.1), we can use equation (2.32) to eliminate, the Pg(2),
0(2) = Bioa [(Para(z) — nWidu(2) + (i — 1) Wii(2) Ps() Py | (E:3)
which can be written also as,

Q) = Bia [(Pua(2) - nWidi(2)) Pys (=) Py (E4)

B [(n = D) Wid(2) P (=) Py

By equation (E.2), the first part of the previous equation is zero, we have that the optimal

level of profits are given by,
() = (- 1) Bt [WA ()P Pri(2) (B.5)
thus, plugging the optimal price, we have,
e—1v)
(B iz PY)
—
(71 (Pi))
<Et,1 (WtAt(Z) Plefjtl)>

(B (Pi))

Pyi(z)=p

1—¢

Qz) = (u—1)
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In terms of real wages, it can be written as follows,

1—¢

<Et71 (weA(2) Pf{,t))

Q) = (- 1) -/ (E3)
(£ (7))
similarly for the case of pricing in foreign currency,
1—¢
(B (wiAnz) d5y)
V()= (u-1p (£.9)

(Fer ()

Equation (E.8) correspond to equation (5.3) , whereas equation (E.9) to equation (5.4), in the

main text.

E.2 Equilibrium Condition for PD

After taking a log linear approximation of equation (5.4) we obtain the following condition for

pricing in pesos,

o — —

0 < —(e—1) (Et—l (tht(Z)PIE{,t> — Ei <tht(Z)d2:t)>

e (s i) s (45:))

Now we take a second order approximation of, each component in the previous expression

e—1 e—1
(s ™

dis™

~ 1
). (1 + = Ve +5(e - 1>2d%,t)

similarly for the case of the price in pesos,

(e=1) __(e=1)
Phy Py N R 1 9.9
=) = (14 (e~ 1)Phs + 5(6 —1)"Phy
Py
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let’s now look at the case of,

wi Ay (2) Pipy — wAPg
wAPj;

12

- ~ 1,
14+ W + ar(z) + € | Dne + 5Ph.t

1 1 1.
+5WE + 507(2) + e = D)5Bhy

+e (ﬁh,tWt + ﬁh,tat(z)>
similarly for the case of pricing in foreign currency,

wi Ay (2)dgy, — wAdY
'thdjT_I

R ~ 1
= 14+ W+ ae(z) + e(dp e + 53%,0

1, 1 1.,
3 t2+§a?(z)+e(e—1)§dh’t

te (Eh,t@t 4 c/i\mat(z))

Thus, using the previous expression we can calculate the following,

. ~ 1 ~
H>~EFE,_, <(6 —1) <ph,t - dh,t) + 3 (e—1)° (Pit - EZ%t))

similarly for

— —

J = (Et—l <tht(Z)PI€Lt> — Et—l <wAt(z)djq7t>>
we have that,
J =2 14+ E W+ Ei1a4(2) + €Ey_1Dp e +

1 R 1 1 o,
§Et_1wf + §Et_1a%(z) + €2§Et_1p;21’t -+

€ (Et—1PhsWi + Er_1phpai(2)) — 1 — By — Ey_1a4(2)

~ 1 =R 1
—eEy_1dp s — §Et,1wt2 - §Et,1af(z)

1 T R
_62§Et71(/1%7t —€ (thdh,twt + Etfldh,tat(z)>

simplifying the previous expression, we obtain,

. ~ 1 ¢
J =2 el <ph,t — dh,t) + 62§Et71 <p%7t — g%t)

+ebq (ﬁh,t — CTh,t) (W + ar(2))
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Since we are looking for
K=e¢H—-(e—1)J

we get,
_ B ~ L e 2
K = ele—1)E1 (Pnt —dnz) + 26(6 D) Ei1 (Dhyt — dpy
~ = 21 2

—e(e = 1)Ey1 (pht — dnt) — (e—1)e §Et71 Pt — dhﬂ: -

(e—1)eEr (ﬁh,t - C?h,t) (W + a¢(z))
simplifying the previous expression we obtain the following condition,

1 o D
K = —56(6 —1Ei (ph,t - dh,t)

(€ — 1)eE_, (ﬁh,t _ Jh,t) (@ + ar(2))

Notice that from the definition of c/l\;%t we have that, C/l\h7t —Dh,t = €, thus the previous expression

becomes,

1 .
K = —sEa (8, -4,
— By 1 [er (W + ay(2))]

Thus a firms will set prices in pesos, when, K > 0, which holds, when,
iy (B — &) + 2B [er (@ + arl2))] <0

since we know that,

wy = —a¢ + a g f) (ph7t —Fy (ph,t)) - u ; 9)5 (et — FEi (et))
B qlet (0 + ai(2))] = Ei-1le: (a(2) — ar)
+ (1 ; %) Ei 1 et (pnt — Er—1 (Phyt))]
g e (e - B o)
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we can thus write the condition for setting prices in pesos as follows,

1 _
0 > SBey (B — i) + Bt ler (ai(2) — )

(1 ; 0) E;i_1les (ph,t — Fiq (pmt))]

(1-90)
0

+

s Ei_1 et (er — Er—1 (er))]

This last equation corresponds to equation (5.5) in the main text,
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