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Abstract

A standard open economy model prescribes that central banks
should control producer prices and let exchange rates to float freely,
since exchange rate movements are needed to stabilize shocks. This
is no longer the optimal policy when the model is augmented includ-
ing a domestic credit market where assets and liabilities denominated
in local and foreign currency are present. Due to its impact on bor-
rower’s portfolios, exchange rate volatility also has a negative effect on
welfare. Consequently, it is actually optimal to exert some exchange
rate control, targeting the Consumer Price Index (CPI) rather than
the Producer Price Index. Thus, the framework presented here gives

theoretical support to CPI targeting in small open economies.
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1. Introduction

Gali and Monacelli (2005) and Sutherland (2001), amongst others, show
that central banks of small open economies should target producer prices,
adopting a pure exchange rate floating regime. This policy generates high
exchange rate volatility in order to offset nominal rigidities and stabilize
shocks'. In this paper we extend the simple small open economy model
to include a domestic credit market where both local and foreign currency
denominated assets are available. The optimal monetary policy under the
framework developed here is no longer to target producer prices but to target
the consumer price index (CPI), thus exerting some control on exchange rate
volatility.

The traditional stabilization motive is still present with exchange rate
volatility impacting welfare positively. However, we identify a new effect of
exchange rate volatility on welfare when credit markets are incorporated. As
the central bank controls only producer prices and leaves exchange rates to
float freely, exchange rate variance is at its highest. The resulting high level
of exchange rate uncertainty impacts negatively on the borrowers’ portfolio
position, reducing their expected welfare. Given this new opposing effect it
is optimal for the central bank to select a policy that targets the consumer
price index, controlling exchange rate movements. Therefore, in addition to
supporting CPI targeting, our model provides a theoretical explanation for
the so called “fear of floating” phenomenon - the empirical observation that
although countries may announce they will allow the exchange rate to float
freely, they in fact do not (Calvo and Reinhart (2002)).

This paper relates not only to the new open economy literature but also
to more recent contributions on financial dollarization (FD), a common and

relevant characteristic of many economies, particularly in Latin America,

I This policy prescription does not necessarily hold for economies with incomplete pass-
through (see Corsetti and Pesenti (2005)) and for economies facing sector specific shocks
(see Tille (2002)).



Eastern Europe and some parts of Asia? (see table 3 in the Appendix). Fi-
nancial dollarization is defined as the holding by residents of a share of their
assets and /or liabilities denominated in foreign currency. The theoretical and
empirical studies in this literature have concentrated only on explaining the
drivers of financial dollarization (e.g. Ize and Levy-Yeyati (2003), Barajas
and Morales (2003) and Basso et al. (2007)) or providing empirical analysis
on its consequences (e.g. Levy-Yeyati (2006) and Nicolo et al. (2005)). The
impact of the domestic portfolio of deposits and loans denominated in foreign
currency on optimal monetary policy, which is the focus of this paper, is a
question that has not received as much attention in the literature.

The framework here follows the theoretical work on the determinants of
asset substitution, particularly Ize and Levy-Yeyati (2003), allowing house-
holds to select the optimal portfolio composition of local and foreign currency
denominated assets and liabilities. While maximizing portfolio returns and
minimizing their variance, households weight the trade-off between the for-
ward looking variances of inflation and real exchange rate, determining the
share of assets/liabilities denominated in foreign currency or the level of FD.
The portfolio choice is endogenous since these forward looking variances are
affected by the expected monetary policy. The portfolio allocation, on the
other hand, has an impact on welfare and hence will influence the monetary
policy decision.

The closest contribution, within the financial dollarization literature, to
our own is Chang and Velasco (2006). They develop a small open economy
model where (i) firms choose the composition of external debt given the
expected monetary policy, (i) central bank sets monetary policy given the
debt composition. They find that both floating and fixed exchange rate

regimes can emerge as equilibrium outcomes, but the floating regime is Pareto

2Although rarely, foreign currency denominated loans also occur in developed
economies. In Austria 20% of the total outstanding loans are denominated in foreign
currency. This figure increases to 33% when only households are considered. Source:
Oesterreichische Nationalbank



superior and hence is the equilibrium under commitment.

Despite giving the important step of incorporating endogenous variance
and covariances into the portfolio selection problem, Chang and Velasco
(2006) only consider the currency choice of external debt. However, in most
cases, countries can only borrow in foreign currency (see Eichengreen et al.
(2003)). Furthermore, in the economies where financial dollarization is pre-
dominant both households and firms decide to make deposits and loans in
foreign currency directly through the domestic banking system, aspect that
their modeling approach does not incorporate. Finally, they assume the
economy is fully open (households only consume foreign produced goods)
and they only consider fixed and pure floating exchange rate regimes.

Our model, building on the new keynesian open economy literature, gives
us the flexibility to investigate optimal monetary policy under different levels
of openness. More importantly, it does not restrict the central bank choice
to fixed and pure floating exchange rate regimes. That turns out to be very
important since the optimal monetary policy under our specification is to
target the consumer price index, implying a intermediate level of exchange
rate control. However, as opposed to theirs, our analysis does not consider
the effects of different portfolio positions in the international asset market
on monetary policy, focusing only on the domestic asset market.

Another contribution that looks at monetary policy in open economies
and endogenous portfolio choice is Devereux and Sutherland (2008). They
also find that portfolio positions can influence monetary policy, which is as-
sumed to target the producer price index. Their model is solved using a
combination of first order approximation to non-portfolio first order condi-
tions and second order approximation to the portfolio choice equations. That
allows then to augment a staggered pricing model with portfolio choice. Our
approach follows Obstfeld and Rogoff (2000) more closely considering a full
second order approximation that captures the effect of uncertainty in all first

order conditions, including price/wage setting. However, we can only analyze



a two period economy with varying levels of nominal rigidity.

The remainder of the paper is divided into four sections. Section 2 intro-
duces the model and section 3 presents the equilibrium conditions. In Section
4, we show the main results of the paper, discussing optimal monetary policy

under endogenous portfolio choice. Section 5 concludes.

2. Model

We consider a two period small open economy model inhabited by two
representative households, j = {G, H}, two union types m = {a, b}, each
composed of a continuum of unions/labor types z = [0, 1], a representative
firm, a representative bank, the central bank and the government. There is
perfect competition in the banking sector, hence, banks act only as interme-
diaries.

We depart from the standard small open economy model incorporating
a domestic credit market with four assets available, deposits and loans de-
nominated in local and foreign currencies. Following Corsetti and Pesenti
(2001) we assume a unit elasticity of substitution between home and foreign
goods, ensuring the current account is always in balance. That makes the
international asset structure irrelevant, allowing tractable solutions to be ob-
tained from models that take account of the uncertainty in macroeconomic
variables as we do.?

The rest of the world consumption and prices are exogenously given.
Furthermore, the only source of uncertainty is the rest of the world demand
4

. Foreign prices (P;) are

for domestically produced goods in period two :

normalized to one in both periods i = {1, 2}.

Households select a portfolio of domestically traded assets (deposits and

3For a model where this assumption is relaxed see De Paoli (2004).

4Although we do not consider other shocks, a home demand shock, e.g. government
expenditure shock, or a taste (preference) shock would lead to the same monetary policy
response (see Sutherland (2001) for a small open economy model, similar to ours, with
such shocks).



loans), supply labor, the only production factor, to the representative firm
and consume a composite of foreign and home traded goods. The firm is
a price and wage taker, selecting labor demand to maximize profits. Good
prices are perfectly flexible in both periods and wages are fully flexible in the
first period. In order to introduce nominal rigidity into the model we assume
unions of type a set second period wages in period one (before the shock)
while type b unions set wages after the realization of the shock. Finally, the

central bank can commit and thus, monetary policy is set in period one.

2.1 Households

In the first period, households decide how much deposits and loans they
wish to make®. Each representative household has a specific discount factor,
By for household H and B4 < (g for household G. The relationship between
the interest rate charged by banks and the households’ implicit interest rate
(1/0;) determines whether household j = H,G decides to take a loan or
make a deposit. In equilibrium, the impatient household (G) takes a loan
while the patient (H) makes a deposit.

Households maximize their expected utility, given their disposal income
(wages, profits and transfers), choosing the amount of deposits and loans in
local and foreign currency, implicitly determining consumption in each pe-
riod. Both local and foreign currency denominated assets are risky. While the
first might fluctuate due to inflation, the second will fluctuate due to changes
in inflation and in the nominal exchange rate, i.e. due to real exchange rate
changes.

Households in period one choose the demand for loans, the demand for
deposits and the portfolio compositions, or the set (D, L, ag, ay), where D =

total deposits, L = total loans, ay = portion of deposits in foreign currency

5Although we have not assumed that firms make loans in period one, Basso et al.
(2007) show that the portfolio decision of risk neutral firms that can default in their loans
is analogous to that of the household.



and a; = portion of loans in foreign currency ®. The proportion of assets
and liabilities denominated in foreign currency is also called level of financial
dollarization of deposits and loans, respectively.

In order to simplify the exposition and the solution of the model each
household is split into two units: (7) the investor and (ii) the fund manager.

The investor solves a certainty equivalent problem selecting D and L,
given the expected returns, the portfolio allocations (a4, «;), the first pe-
riod disposal income, I ;, and the expected disposable income in the second
period, I ;.7

The expected returns are defined as E[Ry] = (1 — o) Rq+ agR; — E[Py —
Pi] + agE[Sy — 5] for deposits and E[R)] = (1 — ay)R; + oyRf — E[P; —
P+ oy E[Sy — Py for loans, where S; is the nominal exchange rate at period
i = {1,2}, P, the price index, R,; (R;) the local currency deposit (loan) rate
and R (R;) the foreign currency deposit (loan) rate.

The investor’s j = {H, G} problem is

max LJ — LJ 5%
{C1;C2;0.0y 1 =10 14+1/y 1—-1/c " 1+1/y

ci-1/e NI 021—.1/0 NI
B, =

Subject to

Ci; = Lj—D+ L+ wed; (1)
Co; = I+ E[R4D — E[R||L (2)
L, = (1- T)%Nu +10,+ T4

L = E|(1- T)%NQJ + 1y + Ty (3)
N = S M= for = {H,G} ()

6Throughout the paper we state that households demand loans and deposits, consid-
ering that both are products that banks sell to households. However, deposit “demand”
is upward sloping as it represents a supply of funds.

"Note that the certainty equivalent assumption allow us to solve the investor problem
independently of the portfolio composition decision. Hence, the variance of the return
does not affect the total deposit and loan decisions (no precautionary motive). Combining
both decisions would increase the complexity of the model without significantly changing
the results. See Basso et al. (2007) for details.



The first two equations are the budget constraints for period one and
two, respectively. The following two give the disposal income in each period,
where 7 is the tax/subsidy on labor income and 7 ; is a government transfer.
I1; is the firm profits in period i. Finally, N; is the total labor demand from
the representative firm given by a composite index of all union/labor types
(this is formally defined in the firm problem below). Hence, both households
supply all types of labor, taking the wages set by unions as given and meeting
the firm’s labor demand.

The variable wed; represents a difference in wealth between household H
and G in the first period, such that wed = wedy = —wedg. When this wealth
wedge is different from zero the size of the credit market is determined by
two main elements: (i) the further apart the households’ discount factors are,
the greater the credit market and (ii) the higher the period one wealth level
of the patient household (H) relative to the impatient household (G), the
deeper the credit market. An important empirical motivation to include this
variable is the evidence presented by Lawrance (1991) that poorer households
are more impatient. In models in which capital accumulation is available
patient households will hold all capital stock, and hence will be wealthier
than impatient households (see Iacoviello (2005)). Given that we are not
incorporating capital into the model the variable wed is used here to adjust
the model to this empirical evidence.

Consumption in each period, for household j, C; ;, is given by

cv, .l
= 17P7] Z7F;‘7—w Z = {17 2}7
w(1 —w)

i?j

a composite index of the consumption of home produced goods C; p; and
the consumption of foreign produced goods C; ;. w determines the bias
towards home goods in the household consumption index and is regarded as
an inverse measure of the degree of openness of the economy. The higher w,

the lower the degree of openness of the economy.



Given the consumption index, the price index will be

P, = PgSi i={1,2}. (5)

171

The second part of the household, the fund manager, allocates the total
deposits (D) and loans (L) determined by the investor into foreign currency
denominated deposits and loans (d*,[*) and local currency denominated de-
posits and loans (d,[) to maximize the portfolio return in period two and

minimize its variance, where

D = d+d, d=(1—-aq)D and d" = ayD

= I+0", |l=1—-a)L and ["=L

Hence, fund manager’s j = H, G problems are, respectively,

(R - o YA

_ AR[R
m B[R] - VAR
o

The portfolio decision would then be given by

R:— Ry+ E[Sy — S1]  COVI[Py, Ss]

Ga = GVAR[S)] T TVAR[SY] (6)
 R-R —E[S:— 8] COV[P, S
@ = JVAR[S)] T TVAR[S) (7)

Where ¢ represents how important the variance is relative to the expected
returns in the fund managers’ portfolio allocation. Thus, the higher the value
of ¢, the lower the sensitivity of the interest rate differential onto the portfolio
decision.

An alternative specification for the fund manager problem would be to

maximize the expected value of consumption and minimize its variance. If



this were to be the case, the households would attempt to maximize the
portfolio return and minimize its variance plus adjust the portfolio to hedge
against income fluctuations. Income fluctuations, however, result from econ-
omy’s aggregate shocks and therefore cannot be hedged from borrowing or
lending internally. Hence, in this alternative, the resulting portfolio alloca-

tions in equilibrium would be the same as the one stated above.

2.2 Unions

There are two types of unions, a and b. The labor market is populated
by a continuum of unions z € [0, 1] for each labor type. Type a unions set
second period wages before the realization of the shock (in period one), while
type b unions set second period wages after the realization of the shock. The
proportion of type a unions in the labor market is x € [0, 1], hence, this
parameter determines the degree of wage rigidity in the economy®.

Each union z € [0, 1] of type a and b maximizes its members expected
utility selecting wage w; ,,,(2) for i = {1,2} and m = {a,b}. Although there
are two households types (G and H), both supply labor type z to the repre-
sentative firm and are, therefore, members of union z. Consequently, unions
consider the aggregate variables (sum of both households) while measuring
the members’ expected utility?.

The union z of type m selects the second period wage as follows

02171/0 NQm(Z)lJrl/’Y

)

wam(x)  |1—=1/c — 1+1/y

8Note that as there are only x unions of type a and 1 — x unions of type b, the labor
market is in fact composed of a single continuum z € [0, 1], or the normalized size of the
labor market is 1 and not 2.

9This structure is equivalent to unions setting wages considering the representative
member. An alternative, but more complex specification, would be to measure members’
utility as a weighted sum of the utility for each member. The main difference is that the
dispersion of consumption between the members would affect the wage setting decision in
this alternative specification.

10



subject to

Cy = (1—r)%@Nz,m(z)nLHJerD—RlLJrT

2

—®
Wo.m (2
Nom(z) = (—;’/2( >> Ny

Where the last equation is the representative firm’s demand for labor z of
union type m in period 2 (see firm problem below).

The second period wage set by type a unions (before the shock) is

1 e B [N 2,a(2)1+m]
L= LB [P ey Ny (2)]

Wa 4 (2) for z€[0,1] (8)

The wage set for type b unions (after the shock) is

1 .
wo(2) = 0 gpf PGy Ny ()7 for 2 € (0,1 9)

We assume 7 is set such that ﬁﬁ = 1, thus taxes remove the monopoly
distortion.

Given that wages are flexible in period one, labor supply is given by
wia(z) = wip(z) = wi(z) = SPLCY Ni(2)"7. As all unions within each

type are equal, in equilibrium, w; ,,,(2) = W, ,, for i = {1,2} and m = {a, b}.

2.3 Representative Firm

The firm decides labor demand (N;,,(z)) to maximize real profits given

wages (w;,(z)) for period i = {1,2} and union type m = {a, b} , thus

Priy, 1

1 1
1
mnax i — = | wia(2)Nia(2)dz — = [ wip(2)N;p(2)dz
{Ni,a(2),Nip(2)} B PZ/O ’ ( ) ) ( ) Pz/o 7b( ) ,b( )

11



Subject to

Y; = N, 0<n<l1

K 1-k
Ni,aNi,b
@ [

KE(1 — k)"

1 -1 -1 1 1 p—1
Nia = {/ Nw(z)wwdz} and N, = {/ Nm(z)vvdz} .
0 0

As standard, that would imply the following demand function for labor

type z of union m = {a, b}

. 4
Ni,m(z) = (UJZWL(Z)) Nz’,m

:| 1/1—¢p

and the wage index W, = [fol Wi (2)'Pdz

The total labor demand for type m = {a,b} union is given by!’

Wia\ Wis)
Nia = (=~ Niy Nip= ’ N;
| (m) ! (m)

_ K 11—k
where W, = Wy, Wi ™.

S;C*

k3

Pp;

The demand for domestically produced goods is given by > ;Cipj+
where C} is the amount spent by the rest of the world on home produced
goods in period ¢ = 1, 2. In the first period foreign demand is fixed and equal
to C* and in the second, foreign demand is equal to C*, which is stochastic

with mean C* and variance X.

2.4 Central Bank and Government

The government taxes labor income and makes a transfer to each house-
hold such that 75N, ; = T, 5, for j = {H,G} and i = {1, 2},

The central bank maximizes the weighted sum of the welfare of each

1ONote that given the proportion of type a unions is &, the total demand for labor for

-1
that union type is adjusted, otherwise one would have N; , = (ZVW“> N;.

12



agent. The problem under commitment is

Cll_-l/a Cvzlfl/ff Nl—l—l/“/ 1+1/v
S A ¥ A (G o (P -2
n{lgxzj:@ 1—1/0+6] 1-1/o 1+1/7+(<H5H+CG6G)1+1/7

Subject to firms, unions and households behaving optimally and

P;,Sy e =A (10)

where, ¢ is the monetary policy parameter and A is the monetary policy
target dependent on the level of prices and exchange rate in the first period!!,
defined as A = P}iﬂlSll’E. ¢; is the weight of each household type in the
government utility. We set (g=(c=1/2.

The monetary policy setup does not explicitly selects an instrument al-
lowing the central bank to control directly the relationship of prices and
exchange rate, simplifying the exposition. This set up does not restrict the
central bank’s policy choices. In fact the central bank can select all three
main monetary policy settings considered in the literature (e.g. Gali and
Monacelli (2005)), namely, targeting the producer prices (¢ = 1), the con-
sumer price index (¢ = w) or the nominal exchange rate (¢ = 0) to their
period one level. An alternative model specification in which households
derive utility from money balances produces the same qualitative results.
The central bank would then use money as a instrument to deliver the three

different policies. See Srour (2002) for an example of such specification.

3. Equilibrium

As it is standard the model is solved backwards.

Period 2

1 This target is commonly set to 1, assuming both prices and exchange rates are nor-
malized to one. In the model here producer prices and the exchange rate in period 1 are
determined endogenously.

13



Table 1 shows the solution for consumption, labor, the wage for type b
unions, the nominal exchange rate, the producer price and the price index
given the external demand shock, the monetary policy (¢) and the first period
variables. The results are obtained by combining the households and firm first
order conditions, the goods market clearing condition, the balance of payment
equality and the wage setting equation for type b unions, see Appendix B for
details.

The average rates on total deposits and loans are given by Ry = (1 —
g)Ra+ agRy — (Py— P1) 4+ aq(Se — S1) and Ry = (1 — ay) R+ oy Rf — (P —
Py) + o(Sy — Py).

Table 1: Solution - Period 2

15,C* 1 _
Com = 5 2P2 T RaD (11)
1.5,C* 1 _
Cre = 3 ;2 T R (12)
1/SC 1 \'"
N = Nog == — 13
= Moo=y (251 (13)
Wy = 6PCy/" (W W5 No) (14)
52 — Z¢2W2¢?§77(1—"1)C*(1*77)¢2 (15)
Ppy = Z¢2—¢3Wz(i2—¢3)n(1—ﬁ)AC*(1*77)(¢>2*¢3) (16)
P, = Z¢2—¢>1Wz(?—ﬁbl)n(l—fi)/\wo*(1*77)(¢>2*¢>1) (17)
where we define
Wia
Z = Ann(l—w)(l_n) (18)
A = PpiSc (19)
w € 1
= = —— and ¢5= 20
d1 e —1 05 o1 ™ b3 o (20)

Using the period 2 solution one can verify that exchange rate volatility,

14



or a monetary policy that controls producer prices leaving exchange rates to
float freely, is able to stabilize shocks. In order to obtain analytical results
we assume £ = 1 (full wage rigidity). Then, by substituting the equation for
the nominal exchange rate (15) and prices ((16) and (17)) into the solution
for labor (13) and disposal income excluding loans and deposits (/2 ;) and
setting e equal to zero (fixed nominal exchange rate) and one (fixed producer
prices), we get the following results

Table 2: Stabilization of Shocks
Fixed Exchange Rate Fixed Producer Prices

e=0 e=1
zZ—v 1—(1—n)w Z=w/0=1) ~yl—w
Income mc (1=m) WC
Z=t v z=1/(-n
Labor (17w)AC K (=

Hence, as the central bank moves ¢ from zero to one it will manage to
stabilize the foreign shock more effectively, i.e. reduce the variability of
labor and income, given the variance of the shock (the exponent of C* is
closer to zero). Moreover, under full wage rigidity, when the central bank
controls producer prices, it actually makes labor independent from the shock,
reducing its variance to zero.

Period 1

The following approximations are used in order to find the first period
equilibrium conditions, presented next. This second order approximation
is similar to the solution methodology introduced by Obstfeld and Rogoft
(2000) where shocks are assumed to be log-normal. Thus, for any generic
function f(x), its expectation is equal to the function evaluated at the mean

value of x plus a variance adjustment.

gif@) ~ i)+ PO varp)
VAR[f(z)] ~ f'(E[z])*VAR[z].

15



The relevant first period variables to solve for the equilibrium of this
economy are type a wages, total deposits and loans, the rates of interest and
the portfolio allocations.

Using the results in table 1 and the unions first order condition (8) give

1-= = E[ }
WiE = yE 21
, E[C) (21)

Q

where T, =1, =9, Z3, =4 are functions of the structural parameters of the
model (see Appendix B for details).

The investor part of the households, who decides L and D, sets

D — 11_12 (R)_ B;IU (22)

1+ (R)' ™7 857

[

I, (R)_ Be” —
1+ (R)' 77 85°

(23)

Where [, ; = 1) = 2*?111) The expected disposable income I, is given by

180 1] 1 z%
2 P 1—w| 2A(1-w)

L;=5L=E { E [Wjj;"“‘“)O*(l—WH (24)

Note that the total deposits and loan choices are only affected by the
aggregate level of income in each period and the discount factors.

Perfect competition in the banking sector implies that L = D and!?

R=(1—a)R+aR* — E[P) + P, + a(E[S)] — S1) (26)

12The expected nominal exchange rate (F[Ss]) and the expected price index (E[P]) are
calculated using the same approximation stated above.

16



The portfolio allocation is given by

a = ag = oy = max [%,O} %max{\lf [1—%},0} (27)

where ¥ is a function of the wage set by type a unions, the mean of the
shock C" and the structural parameters of the model (See Appendix B for
details). The max term is needed since the portfolio allocation must not be

smaller than zero's.

The term inside the square brackets, which effectively
controls the sign of the covariance, using the definitions of ¢; and ¢,, is
equal to 1 —%. Thus, when the central bank changes € from zero to one, the
covariance will move from minus infinity to roughly 1 — w, being zero when
e = w (CPI targeting).

Therefore given an external shock, the higher the control over the ex-
change rate relative to producer prices, the lower the proportion of as-
sets/liabilities denominated in foreign currency («). As mentioned in the
introduction this proportion is sometimes refered to the literature as the
level of financial dollarization (FD). As Ize and Levy-Yeyati (2003) point it
out, the main driver of FD is the exchange rate pass-through. In our model,
exchange rate pass-through is at its highest when producer prices are fixed
and the consumer price index moves with the nominal exchange rate. Also

note that the covariance, and therefore the portfolio allocation, is undefined

when £ = 0; in this case both assets have the same riskiness profile.

4. Optimal Monetary Policy

Using the equilibrium conditions, (11)-(27), derived in the previous sec-
tion, we are now able to evaluate the economy’s welfare as a function of the
monetary policy parameter (¢), and the structural parameters of the model.

The details of the welfare function U (e) incorporating these equilibrium con-

13Portfolio shares must also be smaller than 1, but this limit is never binding in the
model.
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ditions can be found in Appendix B.

The optimal monetary policy can, therefore, be characterized as the value
of € that maximizes the welfare function U(e). As we cannot obtain simple
analytical results we run numerical simulations under different sets of struc-
tural parameter values to compute welfare for all values of ¢ € (0, 1].

In order to do so, we need to set values for the main parameters of the
model. A discussion on the sensitivity of these parameters is presented at
the end of this section. Following Lawrance (1991) and lacoviello (2005) we
set By to 0.99 and (B = 0.95. The intertemporal elasticity of substitution
(o) is set to 0.7, a rough average for the values used in different studies (for
instance De Paoli (2004) sets it to be equal to 1 while Chari et al. (2002)
set it equal to 0.2). 7 is set to 0.65, given that the share of labor income
is roughly 65%'4. We set the aggregate elasticity of labor supply, ~, to 1.5,
following Gourio and Noual (2006)5. We set §, the weight on the labor term
in the utility function, such that the expected labor demand is around 0.7.
Finally we set C"=0.5and & = 0.05.

Welfare analysis with different values of w, which determines the level
of openness, x, which determines the degree of nominal rigidity, and wed,
the initial wealth wedge between households, are presented in more detail
since openness, the degree of wage rigidity and the level of domestic credit
(controlled by wed) are the key drivers of the results. Initially, we set w = 0.6,
implying a ratio of imports over output of around 40%, x = 0.5, thus half
of unions are allowed to change wages in the current period and wed = 0.2,
implying a Gini income inequality index of 0.23.

In order to obtain a benchmark model that replicates the results obtained
by the standard small open economy model (e.g. Gali and Monacelli (2005)

and Sutherland (2001)) we consider a small open economy with a domestic

“The model does not explicitly include capital, though one can assume it to be fixed
in the short term.

15That is considerably smaller than the one used by Rotemberg and Woodford (1997)
and De Paoli (2004) but still slightly higher than microeconomic based estimates, e.g.
Pistaferri (2003), who estimate it to be around 0.7.
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credit market where only assets denominated in local currency are available.
Thus, we exclude equation (27) from the equilibrium conditions and set «
to be equal to zero. Figure 1(a) shows that welfare is maximized when
e = 1, that is when the central bank chooses to target domestic (producer)
prices and leaves the nominal exchange rates to float freely. For comparison
purposes we also report the ratio of total loans (domestic credit) to output.

[Insert Figure 1: Small Open Economy - a =0 here]

Firstly, as noted by Corsetti and Pesenti (2001), among others, the central
bank, while targeting producer prices, can influence the terms of trade in a
way beneficial to domestic consumers, hence the utility from consumption
increases with ¢.

Secondly, Gali and Monacelli (2005) and Sutherland (2001) show that
either fixing the nominal exchange rate or controlling the consumer price
index (¢ = w = 0.6) lead to excess smoothness in the nominal exchange
rate resulting in a deviation from the first best allocation (without nominal
rigidities). Therefore, controlling producer prices is the best policy to stabi-
lize shocks leading to the highest, but optimal, volatility of the exchange rate.
As indicated by Gali and Monacelli (2005) the consumer price index (CPI)
targeting is merely a hybrid regime between domestic price targeting and
fixed exchange rate regime, given the monotonicity of the welfare function as
€ increases.

Targeting producer prices, however, is not optimal when the full model,
where the portfolio allocation (a/) is optimally selected by both households,
is considered. The simulation results presented in figure 2 show that it is
now optimal to control the consumer price index (CPI), setting e = w = 0.6,
and not the producer prices (¢ = 1). Contrary to the conclusion obtained
by the standard small open economy models the model here gives theoreti-
cal support to CPI targeting, which is commonly used in many small open
economies. The main welfare component driving this result is the effect of ¢

(monetary policy) on the borrower’s expected utility.
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[Insert Figure 2: Welfare Analysis - Full Model here]

Another way of interpreting this new result is to follow Gali and Monacelli
(2005) and translate it into the optimal level of exchange rate volatility. As
ex < 1, it is now optimal to exert some exchange rate control. Controlling
exchange rate becomes optimal since when the monetary authority sets ¢ =
1, controlling producer prices only, the nominal exchange rate exhibits the
highest variance. This leads to a sharp increase in the nominal exchange rate
risk premium!® (figure 2(e)). Given that the borrower increases the share of
foreign currency denominated loans as € approaches one (see figure 2(f)),
the expected loan payment in period two also increases sharply with €. That
leads to a decrease in the borrower’s expected utility from consumption when
e > w = 0.6 (dotted line in figure 3). Therefore, increasing ¢ above w results
in a sharp increase in the cost of hedging against portfolio fluctuations for
borrowers. This effect was not in place when the portfolio selection was not
endogenous and only local currency assets were available. In this case, « =0
for all £ (continuous line in figure 3), loan payments do not increase sharply
and the kink observed in the borrower’s utility does not arise!”. [Insert
Figure 3: New effect of exchange rate volatility here]

In addition note that the welfare function is no longer monotonically
increasing in €. The evolution of welfare when monetary policy moves from
fixed exchange rate towards CPI targeting (0 < ¢ < w) and from CPI towards
domestic price targeting (w < & < 1) is essentially different. On one hand
exchange rate volatility stabilizes shocks and tends to increase welfare. On
the other hand, high levels of exchange rate volatility lead to a decrease in
borrowers’ utility. While the first effect is present as ¢ increase from zero

to one, the second is present only in the interval w < ¢ < 1. Therefore,

16The exchange rate risk premium (ERP) is defined as the difference between the ex-
pected nominal exchange rate and the nominal exchange rate evaluated when the shock
is equal to its mean value. Note that this risk premium reflects the impact of uncertainty
on asset prices and is entirely different from the risk premium commonly used to model
departures from Uncovered Interest Rate Parity.

1"Note that the increase in loan payment is not due to an increase in the ratio of domestic
credit over GDP. That remains roughly the same, at around 14%, in both cases.
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the difference arises due to the effect of the share of foreign denominated
liabilities in the domestic asset market (or the level of financial dollarization)
and the variance of nominal exchange rate on the welfare of borrowers, since

that share is different than zero only when ¢ > w.

4.1 Credit Market Size

As observed from the results in the previous section the impact of ex-
change rate volatility on the domestic liabilities denominated in foreign cur-
rency is an important factor determining the optimal monetary policy in
small open economies. Hence, the size of these liabilities with respect to the
level of output in the economy is relevant to determine if the new effect of
exchange rate volatility on welfare is relevant for monetary policy making.

The size of the credit market depends on how far apart 3y and g are and
most importantly the initial welfare difference between patient and impatient
households, wed. The ratio of domestic credit (total loans) over output under
our initial parametrization is around 14% (see figure 2 (d)), well below the
one observed in the data (see table 3). Furthermore, the wealth differential
introduced (wed = 0.2) also leads to low levels of income inequality compar-
ing to the data. Therefore, the welfare function is also obtained for a higher
level of wed, setting it equal to 0.3. This implies a Gini index of 33% and
a ratio of total loans to GDP of around 25%, both still below the average
in the data'®. For completeness we also show the results for a lower level of
wed.

[Insert Figure 4: Varying Credit Market Size here]

As expected, the higher the credit market the stronger the negative effect
of exchange rate volatility on the economies welfare as € increases above w.

When wed = 0.1 the domestic credit is quite thin, only 7% of output, and the

BOur model does not incorporate capital investment, which would increase the return
on lending, leading to an increase in credit market depth. Incorporating this feature
would bring the model close to the data, possibly reinforcing the liability effect over the
stabilization effect.
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stabilization effect is stronger than the liability effect such that it is optimal

to set ex > w.

4.2 Level of Openness

Another important parameter that we kept constant so far is the level of
openness of the economy. Although we set the ratio of imports over GDP
to roughly 40% (w = 0.6) in our model, the data from the main emerging
markets economies show it can be considerably higher than that. The average
for the countries in table 3 is 55%. Figure 5 shows how welfare changes with
monetary policy for w = 0.3 under low and high levels of credit. Even for low
levels of credit the optimal monetary policy is still to target CPI (note that
CPI targeting is now achieved when ¢ = w = 0.3). This is so because financial
dollarization or the share of liabilities denominated in foreign currency is
higher than zero for lower levels of €, where the stabilization effect is mild,
and the consumption basket is heavily biased towards foreign goods.

[Insert Figure 5: Welfare - Higher Openness (w = 0.3) here]

4.3 Degree of Nominal Rigidity

Varying k, the proportion of the unions in the labor market that set wages
one period in advance, allow us to investigate the effects of different degrees
of nominal rigidity on the optimal monetary policy. The analysis done so far
only considered an intermediate degree of wage rigidity, setting x = 0.5.

Figure 6 shows the welfare for different levels of x '°. The central bank
finds it optimal to exert less control over the nominal exchange rate, the
greater the rigidity of nominal wages. The higher the proportion of unions
that can not adjust wages in the second period, the greater the relevance
of using exchange rate movements to stabilize the shocks, correcting for the

nominal distortion in the economy, and hence the greater the gain from

9The other parameter are set as in the benchmark case: w = 0.6 and wed = 0.2.
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controlling producer prices and letting the exchange rate to float freely.
[Insert Figure 6: Varying the degree of wage rigidity here]
Note that with high levels of rigidity and wed = 0.2., figure 6 (c¢), CPI is

no longer the optimal policy. However, when credit market depth increases

(higher wed) the optimality of CPI targeting obtains even for high levels of

nominal rigidity.

4.4 Sensitivity Analysis

Changing the other parameters of the model does not alter the qualitative
results discussed above®.

Lower values of v, the elasticity of labor supply, make the households more
averse to the volatility of labor and therefore strengthen the welfare gains
from exchange rate movements as a stabilization mechanism in relation to
the losses due to the liability effect. As 7, the exponent of labor on the
production function, decreases, type b wages become less responsive to an
external shock. That implies lower wage dispersion, decreasing the need
to use exchange rate movements as a stabilization mechanism. Finally, an
increase in X, the variance of the external shock strengthens the potential
welfare loss from exchange rate volatility, because its impact on the exchange
rate risk premium is stronger than its impact on the variance of labor and
income.

The effect of changing o, the elasticity of intertemporal substitution and
measure of risk aversion, on € or the optimal monetary policy is not mono-
tonic as observed for the other variables. Decreasing ¢ from a high value
towards 0.7 (our benchmark parametrization) leads to more risk aversion,
which lowers the amount of credit and increases the expected welfare losses
due to the variance of consumption. These effects strengthen the welfare gain

from exchange rate movements as a stabilization mechanism in relation to the

20Simulation results are presented in a technical appendix available from the author
upon request.
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loss due to the liability effect. However as o becomes too small, the house-
holds utility function displays a high degree of curvature such that income
dispersion between borrowers and lenders is very detrimental to welfare. In

that case the liability effect is strengthened.

4.5 Impact of Regulation on Foreign Currency Denom-

inated Assets

A common regulatory policy used to promote de-dollarization or control
the share of deposits and loans denominated in foreign currency in the do-
mestic market is to prevent or prohibit agents from making these deposits
and loans. This type of policy is in place in some emerging market countries
(e.g. Brazil). The framework developed in this paper can be employed to
analyze the welfare consequences of implementing such a policy.

The implementation of the policy in our setting is equivalent to solving the
model when only local currency denominated assets are available, or setting
a = 0. Although the economy’s welfare increases only borrowers benefit
from the change; lenders are worse-off, thus the policy implementation is
not Pareto improving. The main drivers of this result are: (i) the variance
of the total income of lenders is increasing in € due to inefficient portfolio
allocation and (i7) since without FD the exchange rate premium bears no
impact on the expected loan payment, this payment does not rise as sharply
as before. Figure 7 shows the results (unconnected dotted line shows the
equilibrium after the implementation of the policy). The other parameter
for these simulations are w = 0.6, k = 0.5 and wed = 0.2.

[Insert Welfare effects of Policy preventing Financial Dollar-
ization here]

Once again note that under the new policy the difference between the
evolution of welfare when moving monetary policy from the regime with

fixed exchange rate towards consumer price targeting (0 < ¢ < w) and from
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CPI towards producer price targeting (w < ¢ < 1) does not exist (no kink
at ¢ = w). CPI becomes again a simple hybrid regime between these two

extreme policies.

5. Conclusion

This paper analyzes monetary policy in a small open economy with a
domestic credit market where both local and foreign currency denominated
assets are available. Given that variances are crucial for the determination
of asset allocation, we employ a methodology, similar to the one introduced
by Obstfeld and Rogoff (2000), that takes explicit account of economic un-
certainty and its impact on macroeconomic variables.

Gali and Monacelli (2005) and Sutherland (2001) show that monetary
policy in a small open economy is isomorphic to close economies, prescribing
a domestic price targeting. Such a policy produces enough exchange rate
volatility to stabilize the external shock reducing the variance of labor and
income. However, when agents can trade both local and foreign currency
denominated assets and liabilities, exchange rate volatility can have a nega-
tive effect on welfare. Taking that into account the optimal monetary policy
is to control the consumer price index (CPI), thus, exerting some control
over exchange rate movements. Under producer price control, exchange rate
volatility is at its highest leading to a high exchange rate premium. Given
that the share of foreign currency denominated liabilities is also at its high-
est, a high exchange rate premium makes the borrowers worse off, reducing
welfare.

Therefore, the model presented gives theoretical support to CPI targeting
and shows that the “fear of floating” observed in many emerging economies
is in fact an optimal response of the central bank when agents are allowed to
accumulate domestic liabilities in foreign currency. Although Chang and Ve-

lasco (2006) also present a framework with this feature, they only model the
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currency choice of external debt. However, for most small open economies,
the international credit market is only available in foreign currency (‘“orig-
inal sin”) and furthermore, as Honig (2005) points out, domestic liability
dollarization plays a central role in producing a “fear of floating”.

Another relevant policy question investigated in this paper is the welfare
impact of introducing a regulation to prevent agents from making deposits
and loans in foreign currency. This regulation is actually in place in some
countries. We find that the introduction of such a policy leads to an increase
in welfare, although it is not Pareto improving as lenders are worse-off.

The analysis here identifies a relevant effect of exchange rate volatility
on welfare that can influence the optimal monetary policy in an small open
economy. Although our model embeds many important characteristics of
small open economies, we have assumed unitary intertemporal elasticity of
substitution, implying no trade imbalances. We also restricted our analysis
to monetary policy responses to an external demand shock. Finally, we only
consider a two period economy.

Hence, an important topic of future research is to incorporate different
shocks, adopt a more flexible consumption index, and extend our framework
to an infinity horizon economy. The extended framework would then provide
a more realistic representation of the monetary policy trade-offs faced by
small open economies, allowing a more accurate analysis of the importance

of domestic asset holdings on monetary policy.

26



References

Barajas, A., Morales, A., 2003. Dollarization of liabilities: Beyond the usual

suspects. IMF Working Papers 03/11, International Monetary Fund.

Basso, H. S., Calvo-Gonzalez, O., Jurgilas, M., May 2007. Financial dollar-
ization: The role of banks and interest rates. Working Paper Series 748,

European Central Bank.

Calvo, G. A., Reinhart, C. M., May 2002. Fear of floating. The Quarterly
Journal of Economics 117 (2), 379-408.

Chang, R., Velasco, A., June 2006. Currency mismatches and monetary pol-
icy: A tale of two equilibria. Journal of International Economics 69 (1),

150-175.

Chari, V., Kehoe, P. L., McGrattan, E. R., 2002. Can sticky price models
generate volatile and persistent real exchange rates? Review of Economic

Studies 698, 533-563.

Corsetti, G., Pesenti, P., 2001. Welfare and macroeconomic interdependence.

Quaterly Journal of Economics CXVI, 421-446.

Corsetti, G., Pesenti, P., March 2005. International dimensions of optimal

monetary policy. Journal of Monetary Economics 52 (2), 281-305.

De Paoli, B., May 2004. Monetary policy and welfare in a small open econ-
omy. CEP Discussion Papers dp0639, Centre for Economic Performance,

LSE.

Devereux, M. B., Sutherland, A., November 2008. Financial globalization

and monetary policy. Journal of Monetary Economics 55 (2), 1363-1375.

Eichengreen, B., Hausmann, R., Panizza, U., Oct. 2003. Currency mis-

matches, debt intolerance and original sin: Why they are not the same

27



and why it matters. NBER Working Papers 10036, National Bureau of

Economic Research, Inc.

Gali, J., Monacelli, T., 07 2005. Monetary policy and exchange rate volatility

in a small open economy. Review of Economic Studies 72 (3), 707-734.

Gourio, F., Noual, P.-A., Mar. 2006. The marginal worker and the aggregate
elasticity of labor supply. Boston University - Department of Economics
- Working Papers Series WP2006-009, Boston University - Department of

Economics.

Honig, A., September 2005. Fear of floating and domestic liability dollariza-
tion. Emerging Markets Review 6 (3), 289-307.

Tacoviello, M., June 2005. House prices, borrowing constraints, and monetary

policy in the business cycle. American Economic Review 95 (3), 739-764.

Ize, A., Levy-Yeyati, E., March 2003. Financial dollarization. Journal of In-

ternational Economics 59 (2), 323-347.

Lawrance, E. C., February 1991. Poverty and the rate of time preference:

Evidence from panel data. Journal of Political Economy 99 (1), 54-77.

Levy-Yeyati, E., 2006. Financial dollarization: Evaluating the consequences.

Economic Policy.

Nicolo, G. D., Honohan, P., Ize, A., July 2005. Dollarization of bank deposits:

Causes and consequences. Journal of Banking & Finance 29 (7), 1697-1727.

Obstfeld, M., Rogoft, K., 2000. New directions in stochastic open economy

models. Journal of International Economics 50, 117-154.

Pistaferri, L., July 2003. Anticipated and unanticipated wage changes, wage
risk, and intertemporal labor supply. Journal of Labor Economics 21 (3),

729-728.

28



Rotemberg, J., Woodford, M., 1997. An optimizatin based econometric
framework for the evaluation of monetary policy. In: Rotemberg, J.,
Bernanke, B. S. (Eds.), NBER Macroeconomics Annual 1997. Cambridge
- MA, pp. 297-346.

Srour, G., 2002. Monetary policy in a smal open economy. Bank of cananda

conference - price adjustment and monetary policy.

Sutherland, A., Mar. 2001. Inflation targeting in a small open economy.

CEPR Discussion Papers 2726, C.E.P.R. Discussion Papers.

Tille, C., 2002. How valuable is exchange rate flexibility? optimal monetary

policy under sectorial shocks. Working paper, Federal Reserve Bank of NY.

29



Appendix A

30



.Amﬁmomw_uv sueo] [8107 JOo o8eiusodiod se UMOYS SI UOIJRZLIR[[OD Aﬁmoawvv ueor] ‘5 24l Jo 98ejusdiad se umoys aie
10100g Supjueg oY) Ul §39sSY USIOIO0] 19N Pu® 31pa1)) d1psewo(] ‘syroduwy ‘Jqo/(syrodxs + sprodwy) = ssouuad(y 930N
‘900¢ ©% 000Z woij seSersar 01 SULII9fol
‘(L00Z) ‘Te 3o osseqg WO S9LIJUNOD SUIUTRWI 9} pPUe [OOZ Ul S[PAd] 03 Suriisjer ‘(€00g) SO[RION pue selereg woiy
L ‘100z ul s[eae] 03 Surirejor (G00OZ) ‘[ 30 O[OJIN WO} . :ejep UOIIRZMRI[[O( '0Oq3dRq VID PuUe OHM ‘Sl :20Inog

oF %EV %S [ %8S %E0T ued N

Suryeo[] peseury 4% %T6 %L8 %LS %ST %09 jAensnin
Suryeorq poSeuey 49 %LL %c8 %1% %81 %8¢ pnaed
Suryeo[] peSeury 9¢ %S9 %09 %9T %EY %8 |AenSered
Sed Burmerp £V %0L %e8 %06 %eS %L yenderedN
Suryeory poSeuey 14 %8¢ %0% %S9 %8¢ %86 jeorewrep
8og x1q €S %82 %Ve %68 %98 %96 jseanpuoy
Suryeor poSeuey 6¢ %TE %6€ %ge %0% %V J1reH
Burjeor] paseury 19 %ET %Ve %82 %1V %LL jorqnday wedsturwioq
8og Surmer) 67 %6V %08 %6€ %6V %96 18o1d ®3s0D
Suryeorq ¥S %8 %V %TL %1€ %69 Ilive)

Bod x1q 69 %E6 %L6 %8S %8T %98 jerarog
Suryeor paSeury 6% %59 %29 %Ty %ST %9¢€ jeuruesry
Burjeol] poSeury [44 %1 %1TT %9 %TET Lpuerreyy,
Suryeolq <i% %1E %S %TS %2T0T xsourddiiyg
Suryeo[ paseury 9 %V %IVT %66 %81T Lersderey
Buryeorq gg %V %V6 %8¢ %82 ,B9I03]
Suryeo(q 9€ %02 %08 %LT %19 ,eIseuopup

Bog x1q €9 %SV %1 %E9T %VEE L3uoy Suoy
Buijeol] paseuriy 54 %56 %L %89 %921 LrIpoquen
Bod x1q 1€ %S€ %EV %1€ %ES %O0TT surenyn
Surgeorq 54 %89 %09 %EE %19 ALosang,
pueg [BjUOZLIOY UIjim pas3aq v %EE %ST %98 %19 %1CT IUGAO[S
pueg [BjUOZIIOY UI}im PasTaq 9z %ST %81 %09 %08 %991 orqndey yeao[g
Sutjeoly] peSeury 1€ %V %69 %0 %Th %9L BIURWIOY
Suryeo(q 9¢ %LT %91 %¥e %9¢€ %69 pueod
Sutjeoly] peSeury €€ %08 %TL %6T %021 %161 ©AOPIOIN
Bog X1 6€ %8V %02 %81 %LS %L6 RIUOPAORIN
pieog Lousranyd 9¢ %1V %19 %82 %68 %TTT eIURNYII]
Fod x1q L€ %0¥ %¥9 %0¢ %9¢ %66 '1AYR]
Suryeorq paSeury 0g %TS %218 %61 %9% %86 ueysSIRZe I
Suryeorq 8¢ %61 %E€8 %1V %08 L[oeIsy
pueq [€JUOZLIOH UIYIIM PISSog 8¢ %LT %S€ %LS %04 %8€T AreSunp
Suryeorq paSeury o¥ %¥6 %E8 %1T %9¥ %9L 13100
paeog Aousrmpy 153 %0€ %08 %S %V8 %TIT RIUOYSH
Suryeorq paSeuey 9z %TT %Y1 %97 %89 %SET orqudey yoazpH
Suryeo[q paseuey 62 %S9 %8L %¥9 %99 %E0T ®I11ROID)
paeog Aousrmp 1€ %08 %1V %0€ %89 %SeT eresmng
paeog Aouarmp 9z %eS %6€ %1V %29 %68 RUIAOSRZIOH pue BIUsOg
8od x14 62 %LS %1T %89 %TET snrefog

8o Suimer) 9€ %69 %T9 %01 %19 %00T uelreqrozy
Sutjeoly peSeury L€ %S 2 %8 %S¥ %TL eIUSULLY
Burjeorq 9z %1€ %89 %0 %EV %€9 erueqry
9007 23y 91ey "YoXH 010%] op JINI Xopuj 1urD) uoryezire[joq sodag UOoI}eZIIR[[O(] UROT] J1poI) dr3sewoq sproduy ssouuad () A1junop)

SorIou00H Uad() [[RWS POZLIR[[O(] A[[RIDURUL] ¢ d[qR],

31



Appendix B

A.1 Equilibrium Solution - Main Model

The firm’s first order conditions and goods market clearing condition are

(time subscripts have been omitted for simplicity):

114 Pp Y
wo_ .t Al
P PN (A1)
P
o= (1-p3Y (A2)
SC*
Y = Cpy+Cpag+ (A.3)
Pp
Y = N7 (A4)
Using (A.4) into (A.1) gives
Ly a-ny
Pp = —WyUt-m/n (A.5)
U

The Household first order conditions and the balance of payment condi-

tion are the budget constraint (2), the price index (5) and

PgStvwC PESt(1 —w)C
Cpn = ——F5—" 1, Cpy =+ ( )Cn (A.6)
Pp S
pw 1-w pw 1-w 1 —
Cpc = FES “wCo wCG, Cra = B — @)l (A7)
Pp S
(GR— CF,G+CF,H (A.8)
Using (A.6), (A.7) and (A.8) into (A.3) gives
SCr 1

Using (A.1), (A.2) and (A.9) into (2) and using (A.9) into (A.4) gives
equations (11) - (13) into the main text.
Using (A.9) into (A.5) gives

P (A.10)

l1—w

1 ICTEA
- 4]
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Combining the result with the monetary policy rule (10), the wage index
(W = WEW,} ™) and the price index (5) give equations (15)-(20) into the

main text (time subscripts should be replaced).

The period two wage set by type b unions, using the solutions for P, C

and N, in table 1, is given by

WaN,

Wy, = 6P,Cy/ T N,V = 6 P,CL° (7
b

1/~
) —adcer

where

1 r(nY1+1/7)

Q. = YW, vs

)
oy = L=mynt 1o+ 1/(m)

U3
Y3 = 1= (1 —=r)(mphr+1/7)+1/vy

Y1
J 1 [Aw—w/v—l/w]
(1 — w)Veott/m | Apn(1 — w)i=n

T:

Given that prices are flexible in the first period, then one can set P, =1,

and use the same first order conditions stated above (adjusting for the time

subscript) to find that Cy = Cy g +Ci g =1, = gl_(z). Using the price index

w=1
one finds that Pp; = S;“ . Using this result into the equivalent equation
(A.10) for period one and the first period wage setting equation we find the

solution for the nominal exchange rate, stated below.

nwyo — nw(w—1)(y+o) +(1_77)W

5 nwy(o—1)—o(1+7) C* Mmwy(e—1)—o(1+y)](nw—1) nw—1

Sl - —
n 1l—w

Labor at period one is given by

~o _ (w—1)(~v+0) + w—1

5 nwy(c—1)—o(1+7) C* Mmwy(c—1)—o(1+y)](nw—1) ' nw-1

Nl = —
n 1l—w

The second period wage set by type a union (before the shock) is given
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E [W2(1b K)(p3+1)(1+1/7) C*‘h]

Wy, = W“(ﬂ¢1+1/’7)*1/'YT

2 E [W2(1b_ #)(n (¢1(1—1/0)—¢2+¢3/n)+1)0*\112}
_ _ E C*EQ
W, =t = T:‘l[—:] (A.12)
’ E[C+=]

where

Uy o= ((L=n)¢s+1)(1+1/7)(1/n)

(
Uy = (1- )( ¢2+——¢1(U 1))—%
E1 = k(g +1/7) <1+(1 '{)(Wﬁlm)

% = Uit ta(l—n)(gs+ 1)(1+1/7)

3 = Yot ol —r)(n(éi(1 —1/0) — da + ¢3/n) + 1).

S e )

1

Ui

In order to set total loans and deposits households must know their ex-

pected income in the second period I ;. That is given by

15,0 1 }_ A E[ngin(l—m)c*(lfﬁ)qﬁlﬂ]

Lj=1, = E {—

2 P 1l—w| 2A“1—w
1z = = 2%
ot [eT oo Y] )

where Z5 = (1 —n)¢1 + 1 + an(1 — K)y.

Finally in order to obtain the portfolio allocations we need to calculate

the COV(P,, S3) and the VAR(S;). Using (A.11), (15) and (17) we get

COV(Py,S2) = z202-01Q) "M% %) ywcov(cre,0mv)

— Z2¢27¢1 QZ“*'@)(2¢’2*¢1)AW (E(C*J,y)_E(C*L)E(C*y))

Where = (1 —1)(¢2 — ¢1) + ¥on(1 — k) (2 — ¢1) and y = (1 —n)(¢2) +
Yan(l — K)o
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Using a second order approximation to the expectations and excluding

the terms with order higher than VAR(C*) = ¥ we obtain

COV (Py,80)=22¢2=¢1 Q! =¥ (202701 \wTm™¥ =25 ) (A.14)

The variance of the nominal exchange rate is given by

VAR(S,) = 220 Q=) Cxy (y?)

The ratio of these two results gives the solution for the term used into

the portfolio solution ((27)) in the main text.

VRS oy [y 2]

VAR[S] 1=

where U = 7% Q;”(l—'ﬂ)%Aw@—m((l—n)wg(l—n)n)

A.2 The Welfare Functions

The economy’s welfare can be divided into five parts, the utility from
consumption for both households in each period and the disutility of labor.

Using the basic model equilibrium conditions (11)-(27) the economy’s welfare
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can be written as

U(Z‘f) = E[(Al + Ag) + (Ag + A4) — A5]
- 1-1/c
( SITCANNN ) IR wed>
Al =

L 2(1—w)
where 30— 1/0) :
1 11791 (1K)
Ay = P 1Z 1W27bl Cr(=mer+1
2(1 — 1/0) 2 A“’(l — w)

1-1/c
+D((1 —a)R+aR" — Py, + 1+ (S —Sl)] ,

- 1-1/0
(2%12)) + L — wed)
Az =

2(1 — 1/0‘) ’
n¢1(1—k)
Ay = Pa 1 Z(leQ’b C*(l—n)¢1+1
2(1—1/0)2 A“’(l—w)
1-1/0
—L((l—Oé)R—FCYR*—PQ—i-l—f-Oé(SQ—Sl) s
1+1/~
$3(1—k)
5= ONSMT Byt Be 6 2 Wy’ O+ (1=m)ds+1 ’
1+1/y 2 1+1/y Al —w)

Sy = Z¢2W2777(52(1_“)C*(1*77)¢2’ P, = Z¢2*¢1W;g‘z’?_‘z’l)(I_H)ch*(lffl)(%*(ﬁl)7
An"l(l—w)(17”) :

D, R and R* are such that (22), (23) and (26) hold.

Wap = Q,C*"2, and Z = Finally, Wy, is given by (21) and L,

In order to obtain a solution for the expected welfare dependent only on
the average and variance of the shock (C*), a second order approximation of

the welfare equation is considered
The terms A; and Az do not depend on the shock (C*) but only on its

expected value, thus we only need to obtain an approximation for E[A,],

E[A4] and E[A5] .
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Bu

E[A;)] = mE[f(C*)l_l/a]
B ﬁH 11 /o Za2f(cv*)1—1/a :|
T 110 [f((] ) PR C*=C

1 Z¢>1 W;fl(l_”)

- C*(1*W)¢>1+1
2 A¥(1—w)

where f(cr) =

1-1/c
+D((1 — OZ)R -+ aR* — P2 + 1 + OC(SQ — Sl)]

The same approximation is done for F[A4]. E[As] is given by

141/

E[As]

) 141/~ 5(Bu + Ba) Z¢3Q2¢3(1—n) -
- Ny + — T
1+1/y 2(1—1/7) 1= o)
E [(O*%n%(1*”)+((1*ﬁ)¢>3+1))%}

where the last term expectation can be approximated to

~ T - [o]

1+1/y

For ¢ = (¢ongs(1 — &) + (1 = n)es + 1)) (=)
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Figure 1: Small Open Economy (o = 0)
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Figure 2: Welfare Analysis - Full Model
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Figure 6: Varying the degree of wage rigidity
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Figure 7: Welfare effects of Policy preventing Financial Dollarization
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