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Abstract

This paper develops and estimates a dynamic stochastic general equilibrium New Keyne-
sian model of a small open economy with partial dollarization. We use Bayesian techniques
and Peruvian data to evaluate two forms of dollarization: currency substitution (CS) and
price dollarization (PD). Our empirical results are as follows. First, we find that the two
forms of partial dollarization are important to explain the Peruvian data. Second, models
with both forms of dollarization dominate models without dollarization. Third, a counter-
factual exercise shows that by eliminating both forms of partial dollarization the response of
both output and consumption to a monetary policy shock doubles, making the interest rate
channel of monetary policy more effective. Forth, based on the variance decomposition of
the preferred model (with CS and PD), we find that demand type shocks explain almost all
the fluctuation in CPI inflation, being the monetary shock the most important (39 percent).

Remarkably, foreign disturbances account for 34 percent of output fluctuations.
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1 Introduction

A distinct feature of economies with history of high inflation is the persistent partial use of a
foreign currency by domestic agents. This characteristic, known in the literature as partial dol-
larization, is present in many former high-inflation economies even after several years of achieving
low and stable inflation. Partial dollarization is defined as the partial replacement of the domes-
tic currency by a foreign currency (i.e US dollars) in its basic functions. In this context, partial
dollarization can be classified in three types: a) Transaction dollarization, also known as currency
substitution. In this case dollars are accepted as medium of payment, b) price dollarization. In
this case prices are indexed to changes in the exchange rate and, c¢) financial dollarization. In
this case dollars are preferred as store of value.

Recently, a series of papers have used dynamic stochastic general equilibrium models (DSGE)
to address the implications of different forms of partial dollarization for the transmission mech-
anism of monetary policy. DSGE models are useful to study this issue since they make explicit
the operating mechanisms of dollarization. Moreover, this type of models are suitable for policy-
simulation exercises because they are robust to the Lucas’s critique. Cespedes et al (2005) and
Gertler et. al. (2006) study the implications of financial dollarization by introducing the financial
accelerator mechanism into a small open economy model. Their main finding is that a policy
of fixed exchange rates can exacerbate financial distress because it obliges monetary authorities
to raise domestic interest rates during such contractionary episodes. Castillo (2006), Felices and
Tuesta (2006), and Batini, et. al. (2006) analyze the role of transaction dollarization in DSGE
models. They show how is more difficult, for a central bank, to stabilize both inflation and output
gap under this environment!. Regarding price dollarization, Castillo and Montoro (2004) and
Ize and Parrado (2005) analyze the link between price dollarization and financial dollarization.

More recently, Castillo (2006b) studies the effects of price dollarization in economies with both

! Castillo (2006) and Felices and Tuesta (2006) build up small open economy with currency substitution showing
the limitations of the central bank in stabilizing inflation and the ourput gap in this environment. Battini et. al.
(2006) analyze the rational expectations determinacy under interest rate monetary policy rules in economies with
CS. They find that conditions for determinacy of the rational expectation equilibrium are more difficult to meet
when CS is present.



sector specific shocks and sticky prices.

In spite of the importance of partial dollarization for emerging economies, the literature has
not yet provided empirical assessments of the implications of different types of partial dollarization
dollarization. Thus, this paper tries to contribute in this line by estimating and modeling a
DSGE small open economy with different forms of partial dollarization?. At this first stage
of the project we focus our estimation on the first two forms of partial dollarization®: Currency
Substitution (CS) and Price Dollarization (PD). The distinction between CS and PD is important
since they affect the economy through different channels. Several questions emerge once these
forms of partial dollarizarion are considered. How do CS and PD affect the dynamics of the
small open economy?. Are the quantitative effects of CS and PD in terms of output and inflation
fluctuations important?. Our model strategy shows that CS amplifies the effect of foreign interest
rate over both consumption and output, hence it weakens the interest rate channel of monetary
policy. Instead, PD mainly affects inflation dynamics. In particular, it makes domestic inflation
more sensitive to the nominal exchange rate depreciation because prices are sticky in the foreign
currency.

On the methodological front, we use Bayesian techniques with data for Peru to estimate and
to compare different models that feature CS, PD, and both. This technique is appealing for
two reasons. First, by combining prior information with the likelihood function provided by the
data, Bayesian techniques allows us to characterize the posterior distribution of the parameters
related with dollarization, and at the same time to take into account the uncertainty nearby
other model “s coefficients. Second, Bayesian evaluation allows a consistent comparison among
models taking advantage of the general equilibrium approach?. This comparison is one of the
main objectives of the paper, and the Bayesian methodology is perfectly suited for it®. Yet, we

do not base our analysis solely in model comparison but rather complement this approach by

*We are not aware of any formal work comparing DSGE models with different forms of partial dollarization.
Tovar (2005, 2006) and Elekdag et al.(2006) have recently evaluated the role of balance sheet effects for emerging
market countries.

3We are currentyl working on a version that includes also financial dollarization.

4Estimation of reduced-forms or partial equilibrium models might suffer from serious identification problems.

’Fernandez-Villaverde and Rubio-Ramirez (2004) show that, even in the case of misspecified models, Bayesian
estimation and model comparison are consistent.



contrasting the implied second moments among models.

Our model is generalization of a standard DSGE for a small open economy as in Sutherland
(2001) and Gali and Monacelli (2005) . In addition to aforementioned dollarization mecha-
nisms, we depart from their framework by considering incomplete markets, slow adjustment of
real wages, as in Blanchard and Gali (2005), intermediate degree of pass-through as in Lubik
and Schoerfeide (2005), and external habits in consumption and capital adjustment costs, as in
Christiano, Eichenbaum and Evans (2001).

The main insights of the paper are the following. First, adding CS and PD dollarization to
a standard small open economy model improves the fit of the Peruvian data. This result holds
because: first, introducing CS reduces the output response to domestic interest rate and therefore,
it better fits consumption volatility, and second, introducing PD adds an additional Phillips curve
that generates endogenous persistence in the economy and also increases the sensitivity of inflation
to exchange rate movements.

Second, regarding the estimated parameters, we find that the interest rate feedback-rule of
the central bank assigns a large weight to both CPI inflation and the exchange rate depreciation,
and a very low reaction to output growth rates. The estimation also indicates a very small degree
of interest rate smoothing for the Peruvian economy, and a relatively low degree of price stickiness
in both the domestic and imported sector, compared to developed economies. We also find that
real frictions such as habit formation and real wage rigidities are relevant in the Peruvian data.

Third, the estimated volatility of structural shocks are larger than those estimated for devel-
oped economies. Fourth, variance decomposition analysis based on the model with both CS and
PD indicates a major role of demand-type shocks, in particular monetary shocks, in explaining
CPI inflation. The same analysis shows that supply shocks explain most of output fluctuations.
However, none of the models is very successful at matching simultaneously unconditional volatil-
ities of macro aggregates and international relative prices. Finally, the inclusion of a Purchasing
Power Parity shock to the preferred model improves the fit, making the estimated volatility of

the endogenous variables closer to that of the data.



Recently it has been an outburst of papers that estimate DSGE models for closed and open
economies using Bayesian methods. Our estimation follows previous studies that use this tech-
nique. For instance, Smets and Wouters (2004) and Rabanal and Rubio (2005) have performed
bayesian estimation for closed economies. Adolfson et al. (2005), Justiniano and Preston (2006),
and Lubik and Shorfheide (2006) estimate small open economy models, whereas Lubik and
Schorfheide (2005), Batini et al. (2005), de Walque, Smets and Wouters (2005) and Rabanal
and Tuesta (2006) estimate two-country models using U.S and Euro area data. This paper differs
from previous papers in the literature mainly because it applies Bayesian methods to estimate
the effects of different forms of partial dollarization in a small open economy using Peruvian data.

The remainder of the paper proceeds as follows. Section 2 lays out the benchmark model.
Section 3 discusses the main extensions namely CS and PD. Section 4 provides the data and the
estimation methodology. In section 5, we report the results on estimated parameters, model com-
parison, and variance decomposition of the preferred model. Section 6 presents some robustness

exercises. Finally, section 7 concludes.

2 The Model

We depart from a two-country model following the work of Sutherland (2001). We model the
small open economy by taking the size of one these economies close to zero®. Unlike the previous
author we add capital accumulation and several frictions in order to fit better the data. Thus, the
benchmark set up considers households who consume final goods, supply labor to intermediate
goods producers and save using one period nominal zero coupon bonds in both domestic and
foreign currency. Firms produce intermediate goods, final goods, and capital goods. Investors
decide how much new capital to accumulate. International trade consists on exports and imports
of final goods.

Additionally, we allow for a series of nominal and real rigidities necessary to capture the

SDe Paoli (2006), Castillo (2006), and Felices and Tuesta (2006) adopt the same strategy to analyze issues on
monetary policy in small open economies. Gali and Monacelli (2005) model a small open economy by considering
the world economy is determined by a continuum of small open economies.



dynamics of the data. More precisely, the model exhibits the following features: external habits
in consumption, adjustment costs in capital accumulation, slow adjustment in real wages to
capture real distortions in the labor market, nominal rigidities in the form of staggered price
setting in the final goods production sector, price indexation, and incomplete pass-through from
exchange rate to imported good prices as in Monacelli (2003).

The benchmark set up is later extended by introducing two different forms of dollarization:
CS and PD. We model CS by considering that both domestic and foreign real money balances
generate utility to domestic agents. Since both currencies can be used as medium of payment, the
optimal composition of household money holdings generates a link between the foreign nominal
interest rate and consumption and labor supply decisions. We introduce PD by assuming that a
subset of domestic firms pre-set prices in a foreign currency (i.e dollars).

The model contains 8 shocks. One permanent technology shock that has a unit root, and
seven AR(1) stationary shocks, technology, domestic inflation mark-up, intermediate imported
mark-up, monetary, preference, foreign monetary policy and UIP. We further perform sensitivity

analysis by adding a PPP shock (purchasing power parity shock) to the preferred model.

2.1 Preferences

The world economy is populated by a continuum of household of mass 1, where a fraction n
of them is allocated in the home economy, whereas the remaining one in the foreign economy.
Each household j at the home economy enjoys utility from the consumption of a basket of final
goods, C’tj and receives disutility from working. The households preferences are represented by

the following utility function:

Uy = Ey

gﬂt [U (Cg’,gt> —V(L{)}], (2.1)

where Ejy denotes the conditional expectation on the information set at date t = 0, and [ is the
intertemporal discount factor, with 0 < § < 1. C’g and Lg denote the level of consumption and

labor supply of agent j at period t. We choose the following particular functional form for the



utility function,
. . L)

U (cg) = log [gt (Cg . hct,l)} v (Lg) = (2.2)
Also, preferences on consumption exhibit external habit formation. The level of the marginal
utility of consumption is decreasing not on Cg , but on the difference between this variable and the
aggregate consumption level of the previous period, C;_1, where h € [0, 1] denotes the importance
of the habit stock. Thus, households enjoy more utility as their consumption level increases with
respect to their habits. The presence of habit formation on New Keynesian models has been
reported to help capturing the dynamic response of output to monetary policy shocks and in

7. The disutility that labor generates is captured by a

generating persistence on consumption
isoelastic function, where 1 > 0 is the inverse elasticity of labor supply with respect to the real

wage. Finally £, is a domestic preference shock that follows an AR(1) process in logs

log ¢, = pelog&, 1 + p
The consumption basket of final goods is a composite of domestic and foreign goods, aggregated
using the following consumption index

°H
eg—1 eg—1 eg—1

Cuo= |y () 5+ (e iy B | T 3)

where e is the elasticity of substitution between domestic (C#?) and foreign (CM) goods, and ~
is the share of domestically produced goods in the consumption basket of the small open economy.
In turn, CH and CM are indexes of consumption across the continuum of differentiated goods

produced in home country and imported from abroad, respectively. These consumption indices

T Also, models with external habit formation have proven to be useful in accounting for asset prices empirical
regularities. For instance Campbell and Cochrane (1999) show that introducing a time-varying subsistence level
to a basic isoelastic power utility function allow to solve for a series of puzzles related to asset prices such as: the
equity premium puzzle, countercyclical risk premium and forecastability of excess of stocks



are defined as follows:

1 [ e—1 =1 1 1 1 =1
Ct = [EA C{J(Z) € dZ:| 7Ct = |:m/n CiM(Z) € dZ:|

where € > 1 is the elasticity of substitution across goods produced within the home economy,

denoted by c¢f?(z) and within the foreign economy, ¢} (z) , respectively. The household optimal

demands for home and foreign consumption goods are given by:

Cll(z) = 24 (PtH(Z)>8 (%f) - Ct, (2.4)

n PtH

') - a0 () () e (25)

1—n

This set of demand functions is obtained by minimizing the total expenditure generated in the

consumption of C;. Notice that the consumption of each type of good, C(2), is increasing in the

H
consumption level, C;, and decreasing on their corresponding relative prices, (@}f’). Also, it is
t

easy to show that the consumer price index, under these preference assumptions, is determined

by the following condition,
1
P = [’Y (PtH) e +(1—7) (PtM)lieH} e

where P and PM denote the price level of the home produced and imported goods, respectively.

Each of these price indexes is defined as follows,

1 = 1! =
pll = [5 / PtH(z)lsdz] , pM = [— / PtM(z)lfdz]

0 1—n

where PH(z) and PM(z) represent the prices expressed in domestic currency of the variety z of

home and imported consumption goods, respectively.

2.2 Asset Market Structure and Households First Order Conditions

For modeling simplicity, we choose an incomplete assets market structure with two risk-free

one-period nominal bonds denominated in domestic and foreign currency respectively, with the



particular feature that it is costly to trade foreign bonds for domestic households. This assumption
allows us to achieve stationarity for both the path of consumption and the foreign debt®. Under
this asset market structure, the budget constraint of the domestic households (j) in units of home
currency is given by:
Bl N S;Bl*
L+is (144 0p (B;‘%)

<Bl | +8B" + WLl - P,CJ + T + T/

where W, is the nominal wage, S; the nominal exchange rate, i; the domestic nominal interest
rate, i} the foreign nominal interest rate and Fg are nominal profits distributed from all the firms
in the economy to the home consumer. We assume that each household holds a fraction % of all
firms in the economy and that there is no trade in firms’ shares °. Bg is the home household’s
holding of the risk free domestic nominal bond. Bg * is the home household’s holding of the foreign
risk-free nominal bond expressed in foreign currency. The function W (.) represents the real cost
associated of trading foreign bonds, which depends on the aggregate stock of foreign bonds in real
terms'?. For simplicity, we place this friction only in the domestic economy by further assuming
that foreign households can only allocate their wealth in foreign currency denominated bonds.
The conditions characterizing the optimal allocation of domestic and foreign consumption and

the holdings of real bonds are given by the following two equations:

Ue(C) = u+waﬁa{vc«szé%} (2.6)
St

: Sirb }
144)Vp | Bpi— | BE, Uc (C
(if) 0 (Bre ) 8B Sttt (Cun)

Equation (2.6) corresponds to the Euler equation that determines the optimal path of consump-

Uc (Ct)

tion for households at the home economy by equalizing the marginal benefits of savings to its

¥We follow Benigno (2001). Schmitt-Grohe and Uribe (2001) and Kollmann (2002) who develop open-economy
models introducing the same cost to achieve stationarity. Heathcote and Perri (2001) also make a similar assumption
in a two-country RBC model.

9This assumption allows us to work with the aggregate economy as a representative agent model economy.
Otherwise, we should have to keep track of the wealth position of each household in the economy.

'9As Benigno, P.(2001) points out, some restrictions on ¥ (.) are necessary: ¥ (0) = 1; assumes the value 1 only
if By = 0; differentiable; and decreasing in the neighborhood of zero.



corresponding marginal costs. On the other hand, the second equation represents the holdings
by a home household of foreign bonds. From these conditions we are able to derive the uncovered
interest parity, which links the depreciation of the nominal exchange rate to the net foreign asset

position and both the domestic and foreign nominal interest rates,

(ti) Ve (Breft) B { S5V (Cinn) | (UIR) o
(1+2t) Et {UC (Ct—H)P_irLl}

Furthermore, to capture possible deviations of the UIP condition, we introduce a UIP shock,

UIP;, which follows a first order autoregressive process,
UIP}:(UJFL4V“wexp(MTp>

where, ,u?ip ~ 1id <0,02 > The first order conditions that determine the supply of labor are

utp

characterized by the following two equations,

VL (Ly)
MRS, = -1 2.8
t UC (Ct) ( )
WP, = (WP_i)*» MRS} " (2.9)

where W P; = % denotes real wages. Equation (2.8) determines the marginal rate of substitution
between consumption and working hours. In a competitive equilibrium labor market, M RS}
should be equal to the real wage. Nevertheless, in order to capture frictions in the labor market,
which are very likely to be present in the peruvian data, we depart from the standard efficiency
condition for the labor market by assuming that real wages adjust slowly in response to changes
in the marginal rate of substitution (see Blanchard and Gali (2005). In (2.9 ), A, measures
the degree of persistence of real wages and also index the degree of real frictions in the labor

market!!.

'Notice that in this case, it is possible to obtain the unemployment rate as an equilibrium variable by comparing
the level of hours employed when, A,p, = 0 with those where real rigidities are present, thus we can define:
L
ury = %, where ur; represent the unemployment rate, .L; equilibrium hours when equation(2.8) holds, finally,

Ly, represents the level of hours when real rigidities at the labor market are present.
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2.3 Terms of trade and Real Exchange Rate

The real exchange rate and the terms of trade are key relative prices in an open economy. To
ease the exposition of the model, in this section we define and derive the relationship between
these two variables. First, we denote by S; the nominal exchange rate, which is defined as the
price of the foreign currency in terms of the domestic one. The real exchange rate and the terms
of trade are defined as follows:

S, Py
Py

il
RtM

RER, = , TOT, =

Our definition of TOT is the relative price between export and import prices'?. The gross inflation
rate of the consumer price index, II; = P—f}l, is obtained by transforming the the consumer price

index identity
—€ 1— 1—
(Ht)l = [V (H{{Ttgl) 4 (I—=") (HintAill) €H} (2.10)

. . . PH P]\l PH PF
where we define the following relative prices , /7 = S M = =i TH = + and T}F = R
t—1 t—1

Furthermore, the relative prices of domestic and foreign goods with respect to the consumer price

index are related to TOT; by the following identities,

(1)

(M)

v+ (=) (roT) (2.11)

7 (TOT) 1 4 (1= )] (2.12)
Finally, the dynamics of the terms of trade evolves as follows,
TOT, =TOT;—1— (2.13)

2.4 Firms

Five types of firms operate in the home economy: a) final goods producers, b) intermediate goods

producers, c¢) unfinished capital producers, d) investors and e) distributors of imported goods.

121t is worth noting that our definition of the terms of trade is the inverse to the traditional definition in standard
open economy literature.
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Intermediate producers combine capital goods and labor to produce a wholesale intermediate
good. These firms operate under perfect competition. Also, they rent both labor from households
and capital from investors in a perfectly competitive market. They sell the wholesale good to
the final goods producers, which in turn use this good to produce a continuum of differentiated
consumption goods. Final good producers operate in an environment of monopolistic competition.
On the other hand, capital goods are produced using final consumption goods and the previous
period stock of capital. Production of this type of good is subject to convex adjustment cost,

which generates a slow adjustment of investment.

2.4.1 Intermediate goods Producers

There exists a continuum of mass n of firms that produce intermediate goods using capital and
labor. These firms operate in a perfectly competitive market and use a constant returns to scale

technology of the following form,
« -«
vt =z (K)™ (XthI)( " (2.14)

where, 0 < ag < 1, represents the share of capital in production, Kﬁ 1 the stock of capital
goods rented for production at the end of period ¢ — 1, from investors, L{ is the amount of
labor demanded from households, ZH a transitory productivity shock, and X; a permanent labor

augmenting productivity shock. The two technology shocks evolve as follows,

Z = (ZH,)"" exp (uf")

and

Xt = (1+9)Xi1exp (uf)

Both shocks are assumed to follow a identical and independent distribution with mean zero and
finite variance. pi ~ iid (0, a?). Firms choose their labor and capital demands by maximizing

the present discounted value of their profits. The corresponding first order conditions of this

12



problem are given by,

YH
WP, = MC{JEH(I—aH)Lt—H (2.15)
t
H HmH YtH
thl

Where, MC}! represent real marginal costs in terms of home prices. Equations (2.15), (2.16) de-
termine the demand for production factors, labor and capital by equalizing the marginal product

of each factor to their corresponding relative price.

2.4.2 Capital Good Firms

These firms use final goods in combination with previous period stock of capital, K ﬁ 1 to produce

new capital, using the following technology

INVH
Kﬂ:@( : )K£1+(1—5)K£1 (2.17)
where,  represents the depreciation rate, ¥ a concave function, defined as follows,

2
v INVHN INVH g (INVE 64y
KE, | KH, 2 \ K, 14y

where, ¥z > 0 measures how costly is to adjust the stock of capital. From the first order

conditions of the profit maximization problem we obtain the following optimal condition for

Qv (%) = (2.18)
1

where QF denotes the relative price of capital goods with respect to final consumption goods.

investment,

Condition (2.18) is the standard Tobin’s q, by which, the optimal level of investment is deter-
mined by equalizing the market value of the stock of capital to its replacement cost. To keep
tractability of the model, we assume that capital goods use a composite of final goods to produce
capital, which is identical to that of consumption goods, therefore, the consumer price index and

the investment price index are exactly the same. Furthermore, in this case, investment generates

13



a induced demand for domestic and foreign produced goods, which are determined according the

following functions,
INVPE = (T INVH (2.19)
INVMT = (1 —~) (TM) " INVH (2.20)
2.4.3 Investors

Investors are firms dedicated to invest on capital goods acting as an intermediary on behalf of

households. The optimal condition that determines the level of new capital goods is given by,

UCt+1}
E, | REH ’ =1 2.21
| ricates (2.21)
where:
1
RET = — [RL, +(1-6) Q1] (2.22)

Qf
Equation (2.21) shows that the optimal level of investment in capital goods is achieved by making
the real return of investing in capital, Rfi[f goods orthogonal to the stochastic discount factor
of households. Where, R{fl{ is composed of two factors, the rental payment obtained from
intermediate good producers, REH and the gains for increases in the price of capital goods net

of depreciation, Qﬁl .

2.4.4 Price Setting of Final Good Producers

Final goods producers purchase intermediate goods and transform them into differentiated final
consumption goods. These firms operate in monopolistic competitive market, where each firm
faces a downward sloping demand function, given below. Furthermore, we assume that at each
period ¢ final goods producers face an exogenous probability of changing prices given by (1 —67).
Following Calvo (1983) and Yun (1996), we assume that this probability is independent of the
price level chosen by the firm in previous periods and on the last time the firm changed its price.

Additionally, we assume that firm s prices adjust automatically to previous period inflation by

14



a factor, A; € [0, 1]. Therefore, conditioned on a fixed price, the demand of firm (z) is given by,

FHOMTAN
ViL(z) = ( ;ch Tt+k> v/
i+

where T Th and F k are defined as follows:

i1 (I ; H Pl
Tt+k = (Ft+k) N y Py = pH

and thrfk represents the aggregate level of domestic output, defined latter in section 2.6.1.The

previous auxiliary variables allow to write the present discounted value of firm z profits function

© DH
E | (po")" ((PPJS)TM MGy, <)> V(2 ))]

k=0

as follows, :

Each firm z choose ]BtH (z) to maximize the above equation. The first order condition of this

problem, can be written in the following way,

=0

o) ﬁH
Z (86™) At+k<< PI({)THIC MUR%MCﬁrk(Z)) (Yis) Kt—f—k)

k=

where MU P, represents a mark-up shock that evolves as follows,

MUP, = (1+ p) (MUP, 1’407 exp (u}17)

Following Benigno and Woodford (2004), the previous first order condition can be written in a

recursive way using two auxiliary variables, V;” and V", defined as follows:

(ﬁtH( )> — Y
Pl VP

where,

—Ar(l—¢)

VP = Y Ue, () + 0158, [(1f) T R (2.23)

VN = MUPY U MCH (1) + 7 BE, [(H,{il) VtN} (2.24)

15



Also, since at each period t only a fraction (1 —of ) of firms change prices, and the remaining
firms only update their prices according to past inflation rates, the gross rate of domestic inflation
is determined by the following condition,
[y N | VN )
o (I () ) =1 (1 0) <ﬁ () ) (2.25)

2.4.5 Retailers of Imported Goods

These firms operate in a monopolistic competitive sector. They buy an homogenous good in
the world market and they differentiated them into final imported goods Y;*'(z). In order to
generate incomplete pass-through, we assume firms operating in this sector also face an exogenous
probability of changing prices, 1 — M, which is independent on the last time the firm set prices
and on the previous price level. Thus, a typical firm choose an optimal price PJ‘\’/[yt(z) to maximize
the present discounted value of its expect flow of profits, given by:

00 M,o p ; tM*
3 (6p)" (mk <PtPM< ) _ SP]}’“) Yirok(z ))]

k=0 t+k t+k

let “s denote by Wy, the inverse of the cumulative inflation of imported prices as follows:

PM

M
Pk

Ui =

by }N/M,Hk(z) the demand of intermediate good z , given that its price has kept fixed at P, ,(2):

. PMo)\ "
Ylh(z) = (tP—M U5 Y
t

*
StPM,t+k

and by LOP,,; = Prorr

The first order condition that solve the problem of these firms is
given by:

Mo

oo P .
B ) ( (0™p)" ( bk (tP—M(Z)‘IJHk — MUPtMLOPHk) Yg{k(z)ﬂ =0
k=0 t

MUPM = (MUPM,) 07 exp (0 F)
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where MU PM represents the time varying mark-up shock . Similarly to the case of the Phillips
curve for the home goods sector, it is possible to write first order condition using two auxiliary

variables, VtN’M and, VtD’M, which in turn are defined as follows,

vV = MUPMALOP.CM + 6™ (M) VM (2.26)
VPM — A, CM 4 oM (1) T P (2.27)

Finally, since only a fraction (1 — oM ) are allowed to change prices during each period, the

dynamics of inflation of imported goods is determined by the following non-linear equation,

1 yNM e
oM (M) =1 (1—0M) (VtD’M> (2.28)
t

where, the LOP; evolves according the following law of motion,
(2.29)

and where

MUPM = (1 + p) (MUPt]\_Jl)pJWUPM exp <H£\JUPM)

2.5 Monetary Policy

The central bank implements monetary policy by setting the nominal interest rate according
a Taylor Type feedback-rule that depends on CPI inflation, the depreciation of the nominal
exchange rate and output growth. We consider as well some degree of nominal interest rate

smoothing'. The generic form of the interest rate rule that the central bank uses is given by,

(1+1) = (1 +i_1)% K%)% <1;_55%>% <%>%]1_% MON, (2.30)

where, ¢;, ¢,, 5 > 0 and ¢, > 1. i; denotes the short-term nominal interest rate, Il;, D.S; the

gross rate of domestic inflation, CPI inflation and depreciation rate of the nominal exchange rate,

'3 As Woodford (2003) shows interest rate smoothing might reflect an optimal behavior for the central bank when
there exists transaction frictions.
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and % the growth rate of aggregate output. We assume that monetary policy shocks follow an

AR(1) process of the following form
MON; = (MON;_1)"M0N exp (' ON)

Hence, we do not restrict the process of monetary surprise to be iid.

2.6 Market Clearing

The aggregate resource constraint of the economy is given by the following condition,

NFD, _ NFDy_1DS,
(1+ ) (1 + 1 (NFD, — NFD)Q) II;

+THYH — (0, + INVH)  (2.31)

This equation determines the dynamics of net foreign assets, NF D;, as a function of the current

account surplus, Y7 — (C’t + INVH ) and the flow of interest payments generated by NFDy.

B:S,
Py

where = NFD;. Also, from the equilibrium between the supply and demand for domestic

goods we have that,

v =cl + INVEY 4 cF” (2.32)
2.6.1 The Small Open Economy and the Rest of the World

The aggregate demand for the final good z is obtained by adding up the demand for this good
of all agents at both the home and foreign economy. Since final goods are used for private
consumption, investment and exports, we have that:

n 1 n

Yl () = / CHi(z)d(i) + / CH* (2)d(i) + / INV™ (i)

0 n 0
The law of one price holds in this economy for domestic goods, thus for a particular good z,
we have that: P (z) = S;PH* (z), consequently, the aggregate demand for home intermediated

good z can be written as follows:

Y (2) = (P'}itff) ) oy (rams, + =0 rrincy )
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where,

ABS; = Cy + INV,H (2.33)

Following Sutherland (2001), we parameterize the participation of foreign goods both in the
consumption basket of home goods and in the consumption basket of foreign households, 1 — ~
and ~*, respectively, as follows:(1 —v) = (1 —n) (1 —~vy) and (1 —~*) = n (1l — ) where n
represents the size of the home economy, and (1 — 7) its degree of openness.

This particular parametrization implies that as the economy becomes more open, the fraction
of imported goods in the consumption basket of domestic households increases, whereas as the
economy becomes larger, this fraction falls. The parametrization defined previously allows us
to obtain the SOE as the limiting case of the two country economy model, making the size of
domestic economy to approach towards zero, n — 0. In this case we have that (1 — ) — (1 —vy)
and v* — 1. Therefore, in the limiting case the foreign economy does not use any home produced
intermediated good for production of foreign final goods, and the demand condition for domestic
goods can be re-written as follows,

W= (B2) @) epansi (- rERY)
t

In order to save notation, we denote by
Y = (1) " (yy ABS, + (1 — vir) RER{" YY) (2.34)

thus the demand facing individual intermediate goods producing firms can be simply expressed

v - (B2) v

as:

Given the small open economy assumption we can express equation the consumer price index in
the following way,

1=y (TH)' 7" + (1 — yy4) RER} ¥ (2.35)

The above equation would imply a link between the real exchange rate and the terms of trade.
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Notice, that the SOE assumption implies that v +— ~5 The rest of the equations should be
modified accordingly.

The SOE assumption allows us to treat the rest of the world (RoW) as a standard closed
economy. The RoW structure includes a IS-type equation, a New Keynesian Phillips Curve and
contemporaneous interest rate rule. We further assume an exogenous monetary policy shock.
Hence, given the exogenous foreign monetary shock mon; , foreign output (V;*), foreign inflation

(ITf) and the foreign nominal interest rate (1 4 i) are determined in the RoW sub-system.

2.7 The Log-linear Dynamics

Equation (2.4) - (2.36) and the system of equations of the foreign economy (that solve for
Y5, 105, (1 + 47)), are sufficient to determine the dynamic rational expectation equilibrium of
our benchmark SOE. We take a log-linear approximation of these equations around a determinis-
tic steady-state with zero inflation derived in appendix A. Variables in log linear deviations from
the steady-state are denoted by lower case letters, z = log(%). Furthermore, we normalize all

real variables by the permanent productivity shock to induce stationarity. Normalized variables

Zt

are denoted using variables with tilde, i.e, Zy = -

The full log-linear version of the benchmark model is detailed in Appendix B

3 Extensions: Partial Dollarization

We consider two extensions to the benchmark economy. Each of them incorporates one particular
form of partial dollarization. The first one corresponds to CS, which is defined as the partial
replacement of the domestic currency in its function of medium of payment. The second one,

PD, which occurs when the domestic currency is partially substituted as unit of account.

3.1 Currency Substitution

We follow Felices and Tuesta (2006) in modelling CS. We modify the benchmark utility func-

J J
tion by including both domestic and foreign currency %t and Dlgff as composites of aggregate
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consumption. Hence, the new utility function adopts the following form:

w—1

j 1+n
U (cg’) — log {gt [b (cg’ - th_1>T (1 b) ZgH“TI] ﬁ} v (L{) - % (3.1)

147

where Zg i is a money aggregate defined as

. 1—g§¢s R 5cs
g = (Mu) " (DluSs (32)
b Py Py

where w > 0 captures the degree of complementary between consumption and the overall money
aggregate. When w > 1, the marginal utility of consumption is decreasing in real money balances
Ué'Z < 0. Therefore, higher interest rates along with the associated reduction in real balance
holdings, increase the marginal utility of consumption, hence the overall money aggregate and
consumption are substitutes. On the other hand, when 0 < w < 1, the marginal utility of
consumption is increasing in real money balances UéZ > 0 and therefore the overall money
aggregate and consumption are complements!?. Parameter 0 < b < 1 is the weight of consumption
in the consumption-money aggregate; and 0 < 6°° < 1 denotes the preference for foreign currency
within the overall money aggregate.

Under this new formulation the marginal utility of consumption can be expressed in terms
not only of consumption but also of both foreign and domestic interest rates and their relative
weights are sensitive to the ratio of foreign currency in the total money aggregates. The marginal

utility of consumption with CS adopts the following log-linear form
uG® = ue + A[(1— 6) iy + 6°i7] (3.3)

where A = f(w — 1)(1 — b). where u. corresponds to the marginal utility of consumption of
the benchmark economy defined in appendix B. The previous equation reveals the fragility of
monetary policy in a partially dollarized environment. Note that the higher the degree of C'S,

higher §°°, the greater the effect of foreign interest rates over the marginal utility of consumption.

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

We introduce price dollarization (PD) by exogenously assuming that a subset of firms that pro-
duce home goods set their prices in foreign currency!'®. We further assume that prices in foreign
currency are also sticky. The derivation of this new Phillips curve follows exactly the same
steps as the once described in section 2.6.2. In order to save space we only present the log-linear

expressions that characterize the model with PD. The log-linear expressions read as follows:

THt = <1 - 5pd> Top + 6P (may + dsy) (3.4)

Tst — Ao Tst—1 = B (EiTs t41 — Ae T t) + KEMe + k0P rpd, (3.5)

Tdt — ArgTdi—1 = B (Etﬂ'd,t+1 — )\ﬂ-dﬂd’t) + Kppmcs — Kpp (1 — 6pd> rpd; (3.6)
Arpdy = dsg + Tq — Tt (3.7)

The dynamics of domestic inflation is determined by three endogenous variables: the inflation of
goods that arises from firms that set prices in domestic currency (soles) , 7+, the inflation of
goods that comes from firms that set prices in foreign currency (dollars), 74, and the relative
price between soles and dollars defined by rpd; = ps¢ — 5¢ — Pa -

where A\r, and )., indicates the degrees of price indexation for each type of firms, kpp =

(1-0pp)(1-B9pp)
Opp

is the slope of the Phillips Curve with respect to marginal costs for the case in
which firms set prices in foreign currency, and ds; denotes the change in the nominal exchange
rate.

Notice that to the extent that firms setting price in dollars face nominal rigidities, nominal
prices in domestic currency differs from those set in foreign currency, hence p, ¢ # s¢pq. Variable
Arpd; could be interpreted as a form of deviations from the law of one price within the the
country.

Overall, the main implications of PD are that, on the one hand, it increases the sensitivity of

domestic inflation, 7 to the depreciation of the nominal exchange rate, and on the other hand,

5See Castillo(2006b) for a model in which price dollarization arises endogenously.
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it adds endogenous persistence to inflation and international relative prices.

3.3 Financial Dollarization (FD)

To be written,,,,

4 Estimation

In this section, we describe the data for the Peruvian economy. We also explain the Bayesian
methodology used to estimate the parameters of each model, and to compare the different versions
of the DSGE model with dollarization. We estimate the model using 8 observable variables and

as we mentioned we consider 8 shocks.

4.1 Data

The data is obtained from the Banco Central de Reserva del Peri s Statistics Department and
belongs to the set of the main aggregate information the central bank uses in order to take
monetary policy decisions. We use quarterly series for real GDP, real private consumption, real
private investment, CPI index, interbanking nominal interest rate. We use an index of real wages
which is obtained from surveys to companies of more than 10 employers. The real exchange rate
measure corresponds to the multilateral real exchange rate index. Finally, the terms of trade is
measured by the ratio of export prices and import prices indexes.

Our sample period goes from 1992:2 to 2006:1, at quarterly frequency. To compute output,
consumption, investment and wages growth rates, and inflation, we take natural logs and first
differences of output, consumption, investment, wages, and the CPI index, respectively'6. We
also take natural logs and first differences of both the real exchange rate and the terms of trade.
We have adjusted the raw data for two series. Both CPI inflation and the short term nominal
interest rate show a downward trend and structural breaks in their deterministic component

throughout the sample period!”. Hence, we transform both series into stationary variables by

Data on output, consumption and investment have been previously seasonally adjusted with the X-12 method.
'"See Humala (2006) and Castillo, Humala and Tuesta (2006) for a discussion of this issue.
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fitting a linear trend with breaks in both the slope and the levels. Finally, we de-mean the data
prior the estimation.

Figure 1 depicts the evolution of the observable series throughout the sample period. Table 1
displays some relevant statistics of the series!'®. In terms of volatility, consumption growth rate
is as volatile as output growth. Investment growth rate exhibits the largest volatility being 2.76
times more volatile than output growth. Wages growth rate is also more volatile than output (2
times). Interestingly, the real exchange rate is only 1.5 times more volatile than output growth
which is a low value compared to the large real exchange rate volatility observed in developed
economies (over 4 times). Terms of trade and inflation exhibit low volatility with respect to
output while the nominal interest rate is more volatile than output growth. All real variables
exhibit a relative large persistence with values between 0.62 and 0.84, whereas nominal variables
are less persistence. Regarding contemporaneous correlations with output, the Peruvian data
exhibits some distinct features. Both CPI inflation and the real exchange rate are countercyclical,

whereas the nominal interest rate and terms of trade are procyclical.

4.2 Bayesian Estimation of the Model ‘s Parameters

According to Bayes’ rule, the posterior distribution of the parameters is proportional to the
product of the prior distribution of the parameters and the likelihood function of the data. An
appealing feature of the Bayesian approach is that additional information about the model’s pa-
rameters (i.e. micro-data evidence, features of the first moments of the data) can be introduced
via the prior distribution. To implement the Bayesian estimation method, we need to evaluate
numerically the prior and the likelihood function. First, the posterior mode and Hessian matrix
are evaluated at the mode which is computed by the optimization algorithm suggested by Christo-
pher Sims (csminwel). The likelihood function is evaluated using the state-space representation
of the law of motion of the model and the Kalman filter. Second, we use the Metropolis-Hastings

algorithm to obtain random draws from the posterior distribution, from which we obtain the

18For a detailed analysis of the stilized facts of the peruvian economy for a broader period see Castillo, Montoro
and Tuesta (2006).
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relevant moments of the posterior distribution of the parameters.”

Let ¥ denote the vector of parameters that describe preferences, technology, the monetary
policy rules, and the shocks in the small open economy. The vector of observable variables consists
of

xy = {QDct, Ay, Ninvg, Awpy A rery, Atoty, itjrt}/

In the model, the assumption of a technology shock with a unit root makes real variables to be
stationary in first differences. Hence, we use real wages, private consumption, private investment
and output growth rates, which are stationary in the data and in the model. We first-difference
the real exchange rate and the terms of trade, while inflation and the nominal interest rate
enter in levels??. We express all variables as deviations from their sample mean. We denote by

L({z:}_; | ¥) the likelihood function of {z;}L ,

4.2.1 Priors

Table 2 shows the prior distributions for the model’s parameters that we denote by II(¥). For the
estimation, we decide to fix some parameters, which reflect more or less their average historical
values. The steady-state growth rate of the economy, (1 + g) is set equal to 1, which implies that
the growth rate of GPD is about 4 percent per year. In order to match a real interest rate in
the steady state of about 4 percent per year, we set the discount factor to 8 = 0.99. The share
of domestic consumed goods in aggregate consumption, v, is set equal to 0.4 which represents
the sample average of domestic consumed goods over tradable consumption. Following previous
studies for the Peruvian economy we set the share of capital in the production function ay equal
to 0.62. The depreciation rate parameter is set to § = 0.025 which implies an annual depreciation
rate of 10%. We set the elasticity of substitution across differentiated goods equal to 6 which
implies a steady state mark-up over the marginal cost in each sector (domestic and distributor) of

15%. The debt/GDP ratio, vp, is set equal to 0.4 which represents the average debt/GDP ratio

9See the Appendix for some details on the estimation. Lubik and Schorfheide (2005, 2006) also provide useful
details on the estimation procedure.

?0Hence, we avoid the discussion on which detrending method (linear, quadratic or HP-filter) to use.

2 Carranza, Liliana et al. (2005) estimate this parameter for the peruvian economy in a range of 0.5-0.7.
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for the sample period. Finally, the parameters of the taylor rule and price rigidity for the U.S.
are calibrated as in previous studies, ¢« = 1.5,¢,« = 0.5 and 6* = 0.66*2. For the model with
CS we set parameters w = 2 and b = 0.17 based on previous studies for the Peruvian economy.
(see Felices and Tuesta 2006).

For the remainder of parameters, inverse gamma distributions are used as priors when non-
negativity constraints are necessary, and beta priors for fractions or probabilities. Normal distri-
butions are used when more informative priors seem to be necessary.

The prior mean for the elasticity of substitution between tradable goods, e, is set equal
to 1.5 (with standard deviation equal to 0.5) which is an standard value used in open economy
models, see for example Chari Kehoe and McGrattan (2002)?3. The parameter 1 5, that measures
the elasticity of the domestic interest rate with respect to the net debt position is assumed to
have an inverse gamma distribution with mean 0.01 and standard deviation 0.05. We assume a
tight prior for this parameter so that the estimated parameter do not distort the business cycle
properties of the model?*.

Following previous studies for both closed and open economies we use a beta distribution for
the coefficient of habit formation, h, centered at 0.7 with standard deviation of 0.1 (see Smets
and Wouters 2004). For the inverse of the elasticity of the labor supply with respect to real
wages ,7, we assume an inverse gamma distribution with mean 1.0 and standard deviation of 0.3,
which is a conventional value in the literature. The prior on the adjustment cost parameter for
investment, 1z, is set around 1 with standard error 0.5.

Parameters measuring the degree of price stickiness in both sectors, are assumed to have the
same mean value of 0.66 with standard deviation of 0.1. Price indexation in the home producer

goods sector and the degree of real rigidity are assumed to have mean value of 0.5 with standard

?2Gee Rabanal and Rubio-Ramirez (2006) for example.

23 The elasticity of substitution between home and foreign goods is a source of controversy. Trade studies typically
find values for the elasticity of import demand to respect to price (relative to the overall domestic consumption
basket) in the neighborhood of 5 to 6, see Trefler and Lai (1999). Most of the NOEM models consider values of 1
for this elasticity which implies Cobb-Douglas preferences in aggregate consumption. Rabanal and Tuesta (2006),
in an estimated two-country model, have found values for this elasticity, conditional on the asset market structure
(complete and incomplete markets), between 0 and 1.

?4Selaive and Tuesta (2003) find values around 0.007 and 0.003 for OECD countries. This exogenous cost is only
useful to make the net foreing debt position stationary.

26



deviation of 0.1. In all the above cases, beta distributions are assumed.

For the coefficients of the interest rate rule, we center their prior distribution to those values
suggested by M PT model (Modelo de Proyeccién Trimestral) of the Central Reserve Bank of
Perti. Hence, ¢, has a prior mean of 1.5 with a standard deviation of 0.25, ¢, has a prior mean
of 0.5 with a standard deviation of 0.1 and the reaction to exchange rate movements, ¢,, has a
prior mean of 0.5 with a standard deviation of 0.1. We also truncate the prior distributions of the
Taylor rule coefficients such that the models deliver a unique, stable solution. The lagged interest
rate coefficient is assumed to have a beta distribution with mean 0.5 and standard deviation equal
to 0.2

Regarding the priors for the shocks of the model, we use uniform distributions for the autore-
gressive coefficients of the seven AR(1) shocks. We truncate the upper bound of the distribution
to 0.96, because we want to examine how far can the models go in endogenously replicating
persistence. Furthermore, we are agnostic about the source of business cycle fluctuations and
that is why we adopt uninformative inverse gamma distributions on the standard deviations of
all shocks, hence we set the mean to 0.4 and the standard deviation of 0.3.

Finally, for the transaction and price dollarization parameters, 67 and 6F, respectively, we
adopt beta distributions centered at 0.5 with standard deviation equal to 0.1. These priors are
consistent with the degree of CS and PD observed in the Peruvian data?®. For the estimation

under PD, we constraint the parameters \;s and \;q and 0 = 0pp.

4.2.2 Drawing from the Posterior and Model Comparison

We implement the Metropolis-Hastings algorithm to draw from the posterior. The results are

based on 250,000 draws from the posterior distribution®®. The definition of the marginal likelihood

?5See Armas, Battini and Tuesta (2006) for measures of these two forms of partial dollarization for the peruvian
economy.

26 As is standard in the Markov Chain Monte Carlo methods, the initial 20 percent of draws was discarded, and
the variance-covariance matrix of the perturbation term in the algorithm was adjusted such that the acceptance
rate lies between 25 and 35 percent.
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for each model is as follows:

L({ayEy | m) = / L({ayEy |, m)TI(, m)dy
Pev

The marginal likelihood averages all possible likelihoods across the parameter space, using the
prior as a weight. Multiple integration is required to compute the marginal likelihood, making the
exact calculation impossible. We use a technique known as modified harmonic mean to estimate
it.27

Then, for two different models (A and B), the posterior odds ratio is

P(A|{wm}i—y) _ Pr(A)L({w:}i, | model = A)

P(B|{z}i_y) Pr(B)L({z¢}{_; | model = B)

If there are m € M competing models, and one does not have strong views on which model is
the best one (i.e. Pr(A) = Pr(B) = 1/M) the posterior odds ratio equals the Bayes factor (i.e.

the ratio of marginal likelihoods).

5 Results

We present our results in the following way. First, we discuss the posterior estimates obtained for
the economy without dollarization vis-a-vis the two alternative specifications with dollarization.
Second, we perform a model comparison by evaluating the marginal likelihood for each model.
Third, we compute the standard deviations and correlations of each model at the mode posterior
values. Fourth, we discuss the dynamics of our preferred model by analyzing the importance of
the structural shocks in terms of the dynamics of the main macro-variables. Fifth, we perform

counterfactual exercises by analyzing impulse response functions.

5.1 Parameters Estimates

In this subsection we report the main findings of the paper regarding the estimated parameter

values of the model. Table 5 reports the posterior mode, and 5 and 95 percentile of the posterior

?"See Fernandez-Villaverde and Rubio-Ramirez (2004) for computational details.
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distribution of the parameters.

5.1.1 Partial Dollarization

The estimation results show that PD is slightly higher than CS. The 5 and 95 percentile for the
first parameter are 0.33 and 0.66, whereas for the second parameter the same percentiles reach
0.35 and 0.66, respectively. Importantly, the posterior mode estimation is robust to different

assumptions about the prior of both parameters?®.

5.1.2 Reaction Function of the Central Bank

The estimated reaction function of the central bank shows strong responses to both inflation and
the depreciation of the nominal exchange rate. In particular, the posterior mode of ¢, is between
1.5 and 2.02, being the CS model the one that delivers the largest response of the to current
inflation, ¢, = 2.02 In contrast, the model with only PD indicates a much lower estimate for
this parameter, ¢, = 1.52. The opposite happens for ¢, which takes its lowest value, 0.78, for
the model with CS, and its highest value, 0.95 for the benchmark model.

Remarkably, this result indicates that the reaction of the central bank to the depreciation rate
aims, at least partially, to offset the effects of both CS and PD on the volatility of consumption
and inflation. Recall that PD increases the sensitivity of inflation to the depreciation of the
nominal exchange rate, therefore, a central bank that tries to reduce the volatility of inflation
should react more strongly to the nominal exchange rate in an economy with PD.

Also, the mode estimated value for ¢, is around 0.1 and its lowest 5 percentile is around
zero, evidence of a weak response of the central bank to the growth rate of output. This result
is robust across different model specifications and it can be rationalized, as table 7 shows, by
noticing that almost 95 percent of the variance of output growth rate is explained by real shocks.

Contrary to our prior, the degree of interest rate smoothing reported by the posterior mode

of ¢, is very small, close to zero. However, estimations using a shorter sample period, which

28To gauge robustness of our baseline estimates, we allow for an even looser prior on 6% and 6P .We consider
an alternative specification that is centered at 0.5 with standard deviation of 0.3. Estimations are available upon
request.
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are presented in the section devoted to the robustness analysis, shows a much higher degree of

interest rate smoothing.

5.1.3 Price Stickiness

In comparison to develop economies, the results presented in table 7 indicate that in Peruvian
economy the degrees of price stickiness both in the domestic and imported sector are relatively
low. For example, Smets and Wouters (2003) report for the Euro area, values of 0" around 0.9,
and De Walque, Smets and Wouters (2005), 0.7 for the USA. Our estimations indicates that in
Peru the posterior mode of 6 is between 0.34 and 0.52 and the one of M lies between 0.43
and 0.45, respectively. These parameter values imply that, on average, firms change prices every
2 quarters. Moreover, the estimated values of 8 tend to be lower in those models that consider
some form of dollarization, in particular in models with PD.

Also, domestic inflation exhibits some form of indexation. The mode of parameter, \;,
that captures how much domestic inflation depends on lagged inflation, is estimated around
0.4, moreover, this value does not change significantly across different model specifications. The
previous estimated parameters imply a slope of the Phillips curve in terms of marginal costs of

0.52.

5.1.4 Labor Market Distortions

As we explained in section 2.1, we introduce real rigidities in the labor market to capture distor-
tions very likely to be present in the Peruvian economy. Thus, the estimated posterior mode of
Awp, for the model with CS and PD, is around 0.42, with a 5 and 95 percentiles of 0.43 and 0.7,
respectively. Similar values are found using the rest of the models. The inverse of the elasticity
of labor supply, n, is estimated to be between 2. and 6 across different models. This value is in

the range reported by studies using microeconomics data for developed economies.
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5.1.5 Structural shocks

Looking at the benchmark economy, the results show that the most persistent shocks are those
corresponding to the UIP, and the mark-up in the imported sector shocks. Thus, the first order
autoregressive coefficient is around 0.96 for both shocks. The transitory productivity, the mark
up and the preference shock also exhibit some degree of persistence, being the mode value of
their autocorrelation coefficients of 0.84, 0.7 and 0.85, respectively. The only shock that is not
persistent is the monetary policy shock. In terms of volatilities, the mark up, the foreign and the

preferences shocks are the ones with the highest volatility.

5.2 Model Comparison

The last row of Table 5 shows the marginal likelihood of the four alternative models. While both,
a model with either CS or PD improve the fit with respect to the benchmark model (typical
SOE), the model that ranks highest is the one that includes both forms of dollarization. Hence,
since the Bayes factor clearly favors C'S PD over the CS, the PD and the benchmark models,
the data favors model with both transaction and price dollarization over models with either one
type of dollarization or none.

The differences are some how important using the bayesian model comparison language as
suggested by Kass and Raftery (1995). For example, the log marginal likelihood difference be-
tween the C'S model and the benchmark model is 6.69, suggesting that in order to choose the
benchmark model over the C'S model, we need a prior probability over the benchmark model
8 * 10% (= exp(6.69)) times larger than our prior probability over the C'S model after observing
the data. Therefore, we conclude that currency substitution model outperforms the baseline
model. The inclusion of PD does not improve the marginal likelihood that much (the difference
is about 4 with respect to the benchmark case), but still implies strong evidence supporting the
PD model compared with the benchmark.

How much both transaction and price dollarization add to the benchmark model?. For in-

stance the difference between the log-marginals of the model with both extensions (C'S and PD)
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and the benchmark model is about 9.3. This means that we would need a prior that favors the
latter over the former by a factor of 11 * 103(= exp(9.3) in order to accept it after observing the
data. Note however, that the log-marginal differences between the C'S model and the preferred

model is 2.61, which means that there is not that strong evidence favoring the latter model.

5.3 Second Moments

The previous analysis gives some evidence that the model with both extension, namely currency
substitution and price dollarization, fits better the data. In this subsection we present some
selected second moments in order to understand why the model with more features does rank
first in terms of the Bayes factor comparison. The model implied statistics are constructed using
the posterior mean parameter estimates by simulating 10,000 series of length 10000 and dropping
the first 1000 observations. Table 6 presents some selected second moments implied by our
estimations and are compared with those in the actual data.

Regarding the standard deviations, we find that all models generate relative high volatility
for almost all variables. The implied volatility of all models more than double the volatility of
the actual data. Perhaps the only exception is that all models get relative closer at matching
CPI inflation volatility. Although, as it will be show later, adding a PPP shock to the preferred
model helps fitting the data in this dimension.

Extending the benchmark model by allowing for CS, allows the model to encompass better
the volatility of all variables with one exception, the nominal interest rate. This result follows
from the smaller size of the foreign interest rate shock in the CS’s model, as discussed above.
In particular, the model with CS, by endogenously capturing the effect of foreign interest rates
into the marginal utility of consumption, induces a minor role of foreign interest rate shocks in
explaining endogenous macro volatility, hence smaller volatilities in the rest of the variables are
predicted. However, the reduction of volatility is obtained at the cost of larger nominal interest
rate volatility. The previous result is consistent with the limitations that a central bank might
face under this environment, since the larger the degree of currency substitution the larger the

movements in the interest rate in order to stabilize inflation and output (see equation 3.3).Adding
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PD to the benchmark economy does not change the results significantly. Standard deviations and
autocorrelations are broadly the same with respect to the model with CS.

Remarkably, the model that combines both extensions fits better the data in terms of volatility.
In particular, the CS and PD model better matches the volatility of both international prices and
inflation, getting closer to the data in this dimension. Hence, this is why the model with both
extensions rank best using the Bayes factor.

Panel 2 of table 6 reports the autocorrelations of some selected variables, which have been
previously detrended with the HP filter. It is immediate that all models match reasonable good
the autocorrelation of output and inflation. In addition, all models under predict the autocor-
relation of investment, nominal interest rates and the real exchange rate, and instead they over
predict the autocorrelation of both consumption and the terms of trade. It is also worth noting
that the preferred model gets closer to the data in terms of the real exchange rate persistence.
This result is generated, basically, by the endogenous persistence induced by price dollarization,
hence, the additional Phillips curve that arises from PD seems to be supported by the data.

Panel 3 of table 6 reports the cross-correlation of the observed variables vis-a-vis output.
All variables, except CPI inflation and the nominal interest rates, were previously HP filtered.
Overall, models perform quite well in generating a positive consumption-ouptut and investment-
output correlations. Yet, the consumption-output correlations are very closed to the those of the
data while the investment-output correlation under predicts the one observed in the data. The
main shortcoming of all models is the difficulty at matching the cross-correlation of output with
international relative prices, the real exchange rate and the terms of trade. In fact, all models
predict counterfactual correlations between output vis-a-vis the real exchange rate on the one
hand and the terms of trade on the other hand. It seems that the model adds too stringent
cross-equation restrictions that are not supported by the data. We believe that the previous
finding can be overcome by introducing non tradable goods in the model, which might enrich the

real exchange rate dynamics and provide additional cross-equation restrictions helping to fit the

data??.

29 Cristadoro et al. (2006) have estimated a two country model with U.S -Euro area data in which non tradable
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In our model the larger than one estimated value of the elasticity of substitution between
tradable goods (e = 1.45) induces a positive expenditure switching effect generating a negative
correlation between the terms of trade and output which is at odds with the Peruvian data (0.61).

Overall, Table 6 shows that each model matches a particular moment of the data better
than the others. The advantage of the Bayesian approach to model comparison is that it is a
likelihood-based method: all the implications of each model for fitting the data are contained in
the likelihood function. Our results show that the best model according to the marginal likelihood

criterion seems to deliver the best fit to most features of the data.

5.4 Variance Decomposition of the Preferred Model

In this subsection, we investigate what is the importance of the different shocks for explaining
the main macro variables. We perform this exercise only for our “preferred” model, which is the
model with both CS and PD. Table 7 reports the contribution of each shock to the standard
deviation of the observable variables in the model.

The first observation to highlight from the output variance decomposition is the dominant
influence of the permanent technology shook (around 48 percent). For instance, most of the
unexpected output fluctuations are mainly explained by domestic supply shocks (64 percent), that
is the mark-up shock to the domestic prices, stationary productivity shock and the permanent
technology shock. From the rest of the shocks associated to demand innovations, the one that
explain the most of output unexpected fluctuation is the foreign interest rate shock (33 percent).
In contrast, the forecast errors of both consumption and investment are mainly explained by
demand-type shocks (96 and 87 percent, respectively). These shocks include UIP, preferences,
monetary and foreign interest rate shocks. .

The variance decomposition of the domestic nominal interest rate is broadly explained by
external shocks. Thus, foreign interest rate shocks and U P shocks together explain 98 percent of

domestic interest rate. This finding highlights the important role of foreign factors, in particular,

goods along with nominal rigidities are key elements to get closer to the data in explaining the real exchange rate
dynamics.
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external financial markets, over the Peruvian economy. Yet, as it will be shown later the relevance
of the foreign interest rate will become negligible once a PPP shock is considered.

Interestingly, the shock that explains most of CPI inflation variance is the monetary policy
shock. It explains 38.9 percent of its variance. The second largest component is the UIP shock
which explains 25.1 percent of the variance of the C'PI inflation, and the third largest component
is the foreign interest rate shock which explains 21.81 percent. Interestingly, the estimated model
shows that C' PI fluctuations are fairly unaffected with either mark-up and domestic productivity
shocks (3.7 and 2.3 percent, respectively).

The variance decomposition of the real exchange rate is mainly explained by the foreign
interest rate shocks (45.65 percent). Mark-up shock in the distributor sector and the permanent
technology shock have had some importance (14.70 and 15.18 percent).

Interestingly, our results show that foreign interest rate shocks have some importance at ex-
plaining the dynamics of domestic variables in our small open economy. Hence, unlike Justiniano
and Preston (2006) we find that the Peruvian economy can account for a meaningful role of

foreign disturbances®’

5.4.1 Posterior Impulse Response Analysis

To understand how dollarization affects the transmission mechanisms we report the impulse
response functions of the preferred model vis-a vis- a conterfactual model in which both forms of
dollarization are taken out of the preferred model. We perform the analysis for both monetary
policy shock and foreign interest rate shocks.

The standard error of the monetary shock is reasonable big 2.19 percent and as we have shown
in the previous section it explains great part of CPI inflation. The effects of monetary policy
shocks are as expected. Output and consumption decline in response to domestic contractionary
policy in both models. Note that, the preferred model without dollarization displays a greater

reaction on these two aggregate variables. Hence, our estimation predicts that monetary policy

30Tn constrast, Justiniano and Preston (2006) find that foreign shocks (U.S. economy shocks) can account for at
most one percent of the variation in Canadian output, inflation and interest rates.

35



would be more effective if dollarization is absent. However, the impact of the monetary policy
shock on inflation and the depreciation rate is similar in both models: inflation rate falls and the
nominal exchange rate appreciates as expected.

It is worth noting that even so there is an impact effect of the monetary policy shock over
aggregate variables, it dyes out very rapidly. The reason of this results is explained, first by
the estimated zero coefficient for the autoregressive coefficient of the monetary policy shock and
second by the almost null estimated parameter of smooth adjustment in the monetary policy
reaction function.

Now let s turn to analyze the impulse responses conditional to a foreign interest rate shock.
Note that an unanticipated increase in the foreign interest rate has a larger impact on consumption
and output when dollarization is present. Again, this result highlights the potential difficulties
that a central bank would face in a partial dollarized environment when foreign interest rate are
in place. In addition, this shock depreciates the exchange rate and as expected increases -by
the pass-through effect- both home and total inflation . The impulse response also shows that
the foreign interest rate shock has a slightly lower impact on inflation when dollarization is not

present compared to the CS and PD economy.

6 Robustness Analysis

6.1 PPP Shocks

Even so we have found evidence that favors the model with both type of dollarization, the model
(CS and PD) does not perform well in matching some second moments like the volatility of
real variables and the co-movement between international relative prices and output. As De
Walque et al. (2005), Lubik and Schorfheide (2005) and Rabanal and Tuesta (2006) pointed out,
estimated open economies model predict a tension between the fit of domestic aggregate variables
and international relative prices. Some authors have suggested some form of PPP shocks as a

resolution®!.

#These type of shocks (PPP or UIP shocks) only helps to better fit individual equations. They do not appear
anywhere else in the model, hence they do not imply any additional cross-equation restriction.
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In our economies we have not considered the role of non tradable goods. In the Peruvian
economy nontradable goods accounts for about 2/3 of the real exchange rate volatility and they
represent around 50 percent of the aggregate consumption bundle.?? In order to capture this
potential model misspecification in the simplest way we append a shock to the traditional equation

of the real exchange rate dynamics

rery = —vygtots + lop: + ppp:

where ppp; denotes the PPP shock. This shock might be capturing an additional channel through
which we can induce deviations from PPP. In order to factor the importance of this shock we
re-estimate the preferred model assuming the same prior for this shock as that considered for the
rest of the shocks (pppt = PpppPPPt—1 + uerr ) .

Results of the estimated parameters are reported in table 8. Remarkably, this shock sig-
nificantly improves the fit of the preferred model. Parameters estimates change in important
dimensions. First the autoregressive coefficient of the monetary policy shock increases from 0.01
to 0.65. Likewise, the smoothness parameter in the policy reaction function of the bank increases
from 0.03 to 0.22. Changes in those parameters might induce a larger effect of monetary policy
over aggregate variables. The parameter that captures PD decreases from 0.47 to 0.39 whereas
the one that measures the degree of CS increases from 0.40 to 0.56. Finally, prices in the domestic
good sector become significant more flexible (6 decreases form 0.52 to 0.27) where as prices in
the imported distributor sector become stickier (6 goes up from 0.45 to 0.82).

More interestingly the PPP shock has a relative large standard deviation (around 6.04%)
that compensates other shocks volatility. Indeed, we observe an important reduction in the
estimated standard deviations of preference shocks with respect to the preferred model without
PPP shock. Finally, the overall fit of the model increases as evidence of the reduction of the

marginal likelihood.

32This broad figure was calculated by comparing the volatiltity o non tradable productivity volatility with respect
to the real exchange rate volatility at annual frecuencies. We have used the data constructed by Ferreyra and Salas
(2006).
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6.1.1 Second Moments

Table 9 reports some selected moments comparing the preferred model with and without PPP
shock. It shows that, in terms of both standard deviations and autocorrelations, the PPP model
performs better than the one without this shock . For instance, the volatility of almost all
variables moves closer to the data. Furthermore, the autocorrelation coefficient of the nominal
interest rate increases from 0.09 in a model without PPP shock to 0.46 in a model with PPP,

getting very closed to the value of 0.5 observed in the data.

6.1.2 Variance decomposition

The variance decomposition of the preferred model with PPP shock is reported in Table 10.
Compared to the model without a PPP shock the variance decomposition changes in many
grounds. The first observation is that PPP shocks mitigate all the effect of foreign interest rate
shock over domestic business cycles. Indeed, the effect of foreign interest rate over aggregate
variables and international relative prices become almost negligible.

Monetary policy shocks still explain most of CPI inflation (58 percent). Finally, unlike the
model without PPP shock, most of the variances of both the RER and the TOT are explained
by the PPP shock.

6.2 Shorter Sample Period (1995-2006)

A simple inspection of Figure 1 shows that volatility of real variables during the two first years
of the sample were relatively high as a consequence of the post stabilization period. In this
subsection we briefly discuss the results of reducing our sample period to starting in 1995:01,
disregarding the period 1992-1994.

The main differences with respect to the preferred model are. First, the parameter on the
reaction of the Taylor rule to both CPI inflation and output growth are estimated to be larger
(from 1.94 to 2.20 and from 0.09 to 0.22, respectively). Second, the autoregressive coefficient
of monetary policy shock increases significantly (from 0.01 to 0.31) although not that much as

in the case of the preferred model with a PPP shock. Third, both the elasticity of substitution
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between tradable goods, e, and the inverse of the elasticity of labor supply, 7, increase. In both
cases the values almost double in the shorter sample. The large value of 7 is consistent with the
high relative volatility of real wages with respect to the low volatility of output. The remaining
parameters of the model do no change significantly.

In terms of second moments the implied standard deviations of the observable variables de-
crease with respect to the preferred model, getting closer to the one observed in the data (see

Table 9).

7 Conclusions

This paper has developed and estimated a small open economy with partial dollarization using
Bayesian techniques. We provide estimation of models with two forms of dollarization: trans-
action and price dollarization. We perform the estimation using data of the Peruvian economy
which is, by far, one of the most highly dollarized economy among emerging market countries
that target inflation.

Our results favor an structure that includes both forms of partial dollarization. Since the
inclusion of CS and PD increase the marginal likelihood of the model, there is strong evidence
that both mechanisms of dollarization are supported with the data. Also, the contrafactual
exercise shows that eliminating dollarization would increase the effectiveness of monetary policy
in stabilizing both output and consumption.

Our model can be easily extended to include other types of dollarization, such as financial
dollarization (FD). FD can be included in two forms: first, through the financial accelerator, which
would capture balance sheets effects, and second, by assuming that firms use foreign currency
to finance working capital. The latter form will capture a direct supply effect of dollarization
through the marginal costs of firms. Indeed, the inclusion of this third type of dollarization
would give a complete framework to study the effects of monetary policy in a dollarized economy.
Furthermore, given improvement in the fit of the data with PPP shocks, extending the model by

including non tradable goods is an avenue to pursue.
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Finally, our empirical estimates could be used as starting point for policy analysis at the Bank
of Peru. Since this is the first DSGE estimated with Peruvian data, the estimated parameters
give a benchmark on the importance of the different mechanisms involved in the dynamics of

Peruvian variables..
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A Solving the steady-state

We know that non-stationary variables grow in the balanced growth path at rate g, we normalize

this variables by the level of technology. We denote these variables with tilde, such that Zy = %

is stationary. Also, we denote variables without time subscprits as variables in the steady state.
Replace the functional form of the marginal utility in the Euler equation:

_ & = (1 + i) BEy { . S }
Ci Xy — hCi1 X1 Cit1 X441 — hCi Xy

divide both sides in the numerator by X; and evaluate it in the steady state, we obtain the

interest rate in steady state:
1ty
g

Similarly, under the assumption that trading frictions in asset markets are zero in steady-

(1+41i) = (A1)

state,thus, ¢ (NFD) = 1, equation (2.2) implies, that DS = 1. From the Phillips Curve in

the home produced goods sector, equation (2.3 ) we have,

1 €
MCH = = = A2
P (A.2)
From equations (2.28 ), (2.29 ) we have that,
1
(14+4i)— REH - 219 (A.3)
B
1 1 —
RH:—+9—(1—5):5+<7+‘Q B) (A4)
B B
Similarly using equations (2.24 ) and (2.25 ), we obtain from the law of motion of capital:
v = 09 (A.5)

14g¢

From the equation. (2.22), the marginal productivity of capital, we obtain the capital - output

ratio:
ke, y MCH
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after replacing out the steady state values of TH, MCH and R¥, the above equation can be

re-written as 33

KH ot (14 9)

i ()]

Plugging equation (A.6) in equation (A.5), we obtain the investment-output ration:

INV' (54 g)al
v Aﬂ%?-%l—ﬂ}

We take as given net foreign asset-output ratio:

NFD
?H =B

From the agregate resource constraint, the net exports-output ratio is:

NX  1-8
the absortion-output ratio is: - -
ABS 1 NX
YH = VH

and the consumption-output ratio is:

¢ ABs NV

YH yH  YH

(A.6)

(A7)

(A.8)

(A.9)

(A.10)

(A.11)

The steady state of the rest of the variables are a function of these ratios. Calculations are

straighforward and to save space we do not report them.

33We calibrate the levels of the domestic and foreign productivity such that all the relative prices are equal to

one in steady state. That is: RER = TOT =TT =T7MT =1
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B Log-linear system, benchmark model without dollarisation

This appendix summarize the log-linear equations of the benchmark economy. We take a log-
linear approximation of the equations of the model around a deterministic steady-state with zero
inflation defined in the previous appendix . Variables in log linear deviations from the steady-
state are denoted by lower case letters, z = log(%). We normalize all real variables by the level

of technology to make them stationary. Normalized variables are denoted with tilde, i.e, Z = %

The benchmark economy contains 47 equations for 40 endogenous variables and 7 exogenous
shocks. We include 4 more equations when we add both CS and PD to the benchmark model.

We divide the system of equations as follows: a) households and firms optimal allocation
decisions, b) monetary policy rule, ¢) market clearing conditions, d) the equilibrium for the

foreign economy, e) the exogenous process of shocks and, f) observable variables.

B.1 Households

B.1.1 First order conditions

The euler equation for the representative consumer is
Uet = (4 — Eymiq1) + Eytiert1 (B.1)
The uncovered interest rate parity condition
(i; — Eymyst) — (z’;‘ — EgM ) = EArerisn — Ygnfds + uips (B.2)

where uip; denotes the shock to the uncovered interest rate parity condition, nfd; = <N FD; — N?D) / }f/\ﬁ
and NFD, = 222,

The marginal rate of substitution is equal to

77”1,7“79,5 = Uit — Ugt (B3)
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where vy; is the marginal desutility of labor:
Vit = ﬂlt (B4)

and ug is the marginal utility of consumption:

. ]_ +g ~ h ~ h x
v ([T ) e ) e ()

where pf = Ax; is the unit root shock.
Real wages evolve according to the following equation:
Wp; = Awp (@t—l - Nf) + (1 = Awp) mrs, (B.6)
B.1.2 Consumption Demands
The domestic demands for home produced and imported goods are:
= —eptl +5 (B.7)
and the foreign demand for domestic goods is:

" = —ey (tf{ —rery) + yf (B.9)

B.1.3 Price Indexes and Relative Prices:

The price indexes are defined from the optimal allocation of consumption across goods. Total
inflation is given by:
m = ypmi + (1= )’ (B.10)

s,pH"  pH
PtIM PtIM .

We have defined the terms of trade (T’OT ) as follows: TOT = Hence, relative

prices of domestic goods/tradable goods and imported goods/tradable goods are:
t=01-
¢ =(L—vg)toty (B.11)
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M,T
vt + (L=p)ty " =0 (B.12)

The evolution of the real exchange rate, the terms of trade and deviations to the law of one price

are given by:

rery = —ygtot; + lop: (B.13)
tot; = tot;_1 + il —dsy — 7 (B.14)
lops = lops_1 + ¥ — dsy — w° (B.15)
B.2 Firms
B.2.1 Intermediate goods Firms
The production function for the intermediate goods firm:
it = (- am)tf + o (KL — i) + = (B.16)

The first order conditions for the firm equalize the marginal productivities to the rental price of

labor and capital:
wp, = mef +t gl -1 (B.17)
il = mell gt — kL 4 d (B.18)
B.2.2 Capital Goods firms

New capital is produced using the following technology:

g (1—=0)7y (=8 \=Hr (1-9) ,
k' = g kt1+<1 179 invy l—i—g'ut (B.19)

Optimal investment made by the firms that produce unfinished capital goods satisfies the following
optimality condition:

—~—H z
o' =Yk <”Wt — kL + #t) (B.20)

50



U (INVE /K [y H
U (INVH/KH) "KH

where ¢ = is the adjustment costs elasticity and ¢/’ is the relative price

of capital goods with respect to final goods.
B.2.3 Investors

The optimal conditions that determines the level of new capital goods are given by:

KH — —~
0 = _Etrt_;,_l + EtuctJrl — Ut

W+ rl) = (0= =08 rfla+ (-0 salls — o (o~ 1)

plugging the above equations into the euler equation we get

Ey [(1 —(1=08)B)rfi+ (1 —0)Baty — Bk <Zf7€5i1 - k’tHﬂ —q¢/' =iy — Eyme (B.21)
B.2.4 Final goods producers (retailers)
Phillips curve for the home produced goods:
i = Agmily = kg (mef! +mupy) + BEy (nfhy — Aumi’) (B.22)
where Ky = (15?{ (1—60gp).
B.2.5 Distributors of imported goods
Similarly, aggregating the optimal price setting in the importing sector
' = ks (lope + mupy?) + BEym 4 (B.23)
where rky = (1;—]6\;1”) (1—0mP)

B.3 Policy Rule

The policy rule followed by the monetary authority is:
it = pii—1 + (1 — ¢;) [go,rEtwt + @y Dy + cpsdst] + mony (B.24)
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B.4 Market clearing

Absortion is defined by the sum of consumption and investment:

C _ INV—
absy = ——c¢; + ——1inv;
ABS ABS

(B.25)

Aggregating the resources constraint of the economy, we obtain an equation for the net foreign

asset accumulation:

N ABS
nfdtfl + ytH + tfl — Wﬂ;bst

(1 +vpY¥p) Bnfd = vp (Bif —m + dsy) + 1+g

The demand for domestic produced good is given by:

~ ~ —~ H
u = ’YHﬁCiH + (1 =n) ﬁcf TVET e

The demand for investment in home produced and imported goods:

—~H
inth’d = —eutl! +inv,
—H
invi\/[’d = —egtM +inv,
Net exports are defined as:
NX g ABS
ant =y +t — W(Lbst

B.5 Foreign Economy

(B.26)

(B.27)

(B.28)

(B.29)

(B.30)

The aggregate demand, the Phillips Curve and the monetary policy rule for the foreign economy

are the following:

* * _ -+ M*
Ei(yi —vi) = (Zt - Et”t+1)
M* M* * ok
Ur = Ly + Ky
K M* * *
U = QT T QY T mony
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where £* = (15*9*) (1-6"p).

B.6 Exogenous shocks

Preferences shock:

§=pe&1 t+ M§

Domestic productivity shock:

H H ZH
2y = pguaZy_y +
Domestic interest rate shock:

MON
Mong = PrroNMOont—1 + iy

Mark-up shock:

mupy = Py pMupe—1 + HinP

Imported sector mark-up shock

M _ M MUpPM
mupy = Py pMMUPL_q + iy

Uncovered interest rate parity shock:
WipE = PpWipr—1 + "

Foreign interest rate shock

Mony = PrroN=MON:_1 + fit

B.7 Observable variables:

We use the following 8 observable variables for the estimation:

{Act, Arery, Ay, Ninve, Awpy, Atoty, iy m }
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(B.34)

(B.35)

(B.36)

(B.37)

(B.38)

(B.39)

(B.40)



The corresponding transformed equations that describe the dynamics of the previous variables

are given by,

G —C-1 = Do —puf (B.41)
if%t — if%t,l = Ainvy — py (B.42)
U— g1 = Dy —py (B.43)

wpy —wppy = Awpp — (B.44)
Arery = rer; —rery_1 (B.45)

Atot; = toty —tot;_q (B.46)
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C The Likelihood Function and The Metropolis-Hastings Algo-

rithm

The law of motion and the likelihood function

Let ¥ denote the vector of parameters that describe preferences, technology, the monetary policy
rules, and the shocks in the small open economy model, d; be the vector of all endogenous variables
(state and forward looking), z; the vector of exogenous variables (i.e. shocks), and ¢, the vector
of innovations. z; is the vector of the nine observable variables that will enter the likelihood
function.The system of equilibrium conditions and the process for the exogenous shocks can be

written as a second-order difference equation

A(\Il)EtdtJrl = B(\I/)dt + C(\Ij)dt—l + D(\II)Zt,

2zt = N(U)zi—1 + €, E(ere;) = S(0).

We use standard solution methods for linear models with rational expectations

to write the law of motion in state-space form. The transition and measurement equations are:

dt = F(\Il)dt_l + G(W)Zt,

2 =NW)z_1 + €, E(ee;) = B(0).

and

Tt :Hdt

Let y; = [d;, 2] be the vector of all variables, endogenous and exogenous. The evolution of the
system can be rewritten as

Yt = Kyt_l + Eﬁt where E <§t§;) =1, B=C%'Y2 and ¢ = »i/2¢,

and

Tt = 15,%

The Z,E,é and D matrices are functions of F ,G,N, and X. The matrix D contains zeros
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everywhere, and a one in each row to select the variable of interest from the vector of all variables
yt. We can evaluate the likelihood function of the observable data conditional on the parameters
L({z:}_, | ¥), by applying the Kalman filter recursively as follows

Define the prediction error as
Ut = Tt — Tyft—1 = Lt — Dyt\tfl

whose mean squared error is

Ky =DPy;_,D'

where xy;_1 is the conditional expectation of the vector of observed variables using information
up to t — 1, and

Py = El(ye — Yeje—1) Wt — Yepe—1)']

The updating equations are:
Yt = Yeft—1 T Pt|t—1l~)’Kf1?}t and P, = Py; 1 — Pt\t—lﬁlelﬁpt\t—l
And the prediction equations are:
Ypp1e = Ay, and Py = APA 4+ CxC
Then, the log-likelihood function is equal to

T
1 /
L= E {nlog(2r) + log[det(K;)] + v, K, vs}.
t=1

_5_

where n is the size of the vector of observable variables z. Note that the log-likelihood function
has to be computed recursively. To initialize the filter, we set yg = o = 0, and we set Py as the

solution to the nonlinear system of equations.
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Drawing from the Posterior

To obtain a random draw of size N from the posterior distribution, a random walk Markov Chain

using the Metropolis-Hastings algorithm is generated. The algorithm is implemented as follows:

1. Start with an initial value ( ¥Y). From that value, evaluate the product L({x:}{; |
UOHIT(WO)
2. For each i:

U’ = U~ lwith probability 1 — R
Ul = Ui* with probability R
where Wh* = U= 4 4 ¢? follows a multivariate Normal distribution, and

L({ze}izy | W)II(P)

(o) Ty | e DII(w 1))

R = min{1,
L

The idea for this algorithm is that, regardless of the starting value, more draws will be accepted
from the regions of the parameter space where the posterior density is high. At the same time,
areas of the posterior support with low density (the tails of the distribution) are less represented,
but will eventually be visited. The variance-covariance matrix of v is proportional to the inverse
Hessian of the posterior mode and the constant of proportionality is specified such that the
random draw has some desirable time series properties.

In all cases, the acceptance rates were between 25 and 35 percent, and the autocorrelation
functions of the parameters decay fairly fast. First, we find the posterior mode using standard

optimization algorithms to be used as initial value. Then, we generate a chain of 250,000 draws.
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Table 1: Selected moments of the data

Variables Standard deviation Autocorrelation Cross-correlation with output
Output (y) 0.81 0.73 1.00
Consumption (c) 0.85 0.71 0.78
Investment (inwv) 2.26 0.84 0.81
Interest Rate (7) 2.14 0.50 0.15
Total Inflation () 0.62 0.33 -0.14
RER (rer) 1.21 0.71 -0.25
TOT (tot) 1.46 0.62 0.61
Real Wages (wp) 1.66 0.62 0.35

Note: the standard deviations are calculated to the variables in log10 difference. The autocorrelations and
cross-correlations are calculated applying the HP filter to the logl0 of the variables. Output, consumption
and Investment are seasonally adjusted with ARIMA X12, and the domestic interest rate and total inflation

are adjusted by a deterministic trend

58



Table 2: Prior Distributions of the Model s Parameters

Parameter symbol distribution mean std.dev
Habit formation h Beta 0.70 0.10
Inverse labor supply elasticity n InvGamma 1.00 0.30
Elasticity of substitution, exporting/imported good €H Normal 1.50 0.50
Capital adjustment Vi Normal 1.00 0.50
Risk premium adjustment Vg InvGamma 0.01 0.05
Probability of not adjusting prices, domestic goods O Beta 0.66 0.10
Probability of not adjusting prices, imported goods Onr Beta 0.66 0.10
Degree of price indexation Ap Beta 0.50 0.10
Degree of wage rigidity Aw Beta 0.50 0.10
Taylor rule: inflation O Normal 1.25 0.25
Taylor rule: output ©y Normal 0.25 0.10
Taylor rule: depreciation rate 4 Normal 0.50 0.10
Taylor rule: smoothing V; Beta 0.50 0.20
Currency substitution ratio 0 Beta 0.50 0.10
Price dollarisation ratio oPd Beta 0.50 0.10
AR coefficient shocks z Pu Beta 0.50 0.20
Std. Deviation shocks x O InvGamma 0.40 0.30
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Table 3: Calibrated Parameters

Parameter symbol value
Discount factor I} 0.99
Long-run growth rate g 0.005
Share of capital in production function ag 0.60
Elasticity of substitution, same type of goods € 6.00
Share of domestic goods in consumption basket YH 0.40
Depreciation rate 0 0.025
Net foreign depostits/output steady state ratio YB -0.40
Sustituibility between consumption/Z w 2.00
Share of Z in utility b 0.17

Table 4: Implied steady state relationships

Ratio symbol value
Consumption - output ratio  C/Y 0.560
Investment - output ratio INV/Y  0.436
Net exports - output ratio NX/Y 0.004
Absortion - output ratio ABS/Y  0.996
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Table 5: Posterior Distributions

BENCHMARK CS PD CS and PD
Coefficient | Mode 5% 95% | Mode 5% 95% | Mode 5% 95% | Mode 5% 95%
h 0.80 0.92 0.97 0.91 0.91 0.98 0.75 0.89 0.97 0.89 0.90 0.98
n 2.15 2.14 5.03 2.93 2.38 6.05 2.94 1.99 4.81 1.99 2.15 4.56
cH 1.19 1.57 2.31 1.71 1.46 2.15 1.46 1.55 2.26 1.45 1.44 2.17
Vi 0.63 0.79 1.26 0.88 0.79 1.28 0.62 0.76 1.22 0.77 0.74 1.21
Vg 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.01
On 0.52 0.28 0.52 0.43 0.27  0.52 0.34 0.27 0.54 0.52 0.30 0.56
O 0.48 0.35 0.51 0.43 0.37 0.54 0.43 0.36 0.54 0.45 0.37 0.54
Ap 0.38 0.27 0.61 0.41 0.28  0.59 0.40 0.26 0.59 0.40 0.26  0.58
Aw 0.49 0.45 0.72 0.52 0.46 0.73 0.49 0.45 0.73 0.42 0.43 0.70
O 1.51 1.73 2.43 2.05 1.72 2.39 1.52 1.74 2.43 1.94 1.75 2.45
©y 0.13 0.01 0.33 0.14 -0.01 0.31 0.09 -0.02  0.30 0.09 -0.03 0.29
Vg 0.95 0.62 0.91 0.78 0.62 0.90 0.92 0.61 0.90 0.84 0.61 0.90
©v; 0.01 0.01 0.09 0.01 0.01 0.09 0.00 0.01 0.07 0.03 0.01 0.10
5 0.00 0.00 0.00 0.46 0.33 0.66 0.00 0.00 0.00 0.40 0.33 0.66
5Pd 0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.32 0.63 0.47 0.35 0.66
Pe 0.84 0.32 0.89 0.74 0.24 0.81 0.88 0.38 0.91 0.66 0.24 0.76
pPgH 0.85 0.76 0.95 0.91 0.79 0.97 0.87 0.77 0.95 0.91 0.80  0.96
PMON 0.06 0.02 0.18 0.09 0.02 0.20 0.05 0.02 0.19 0.01 0.02 0.19
PMUP 0.70 0.63 0.84 0.73 0.61 0.84 0.79 0.59 0.85 0.68 0.56 0.84
PUIP 0.96 0.95 1.00 0.96 0.97 1.00 0.96 0.97 0.99 0.96 0.96 0.99
PrUPM 0.96 0.94 0.95 0.89 0.75 0.97 0.95 0.74 0.97 0.90 0.74 0.96
D 0.10 0.09 0.30 0.18 0.12 0.33 0.08 0.09 0.31 0.21 0.11 0.32
o¢ 5.54 11.40 26.39 10.89 8.87 28.32 4.89 942 2281 8.98 7.72  27.88
OgzH 0.84 0.72 1.02 0.75 0.68 0.95 0.75 0.73 1.05 0.82 0.68 0.99
OMON 2.09 1.78 2.55 2.24 1.76 2.53 2.08 1.80 2.56 2.19 1.75 2.54
OCMUP 6.20 3.58 6.87 5.29 3.49 6.91 4.15 3.65 7.93 6.82 3.80 7.90
oUIP 0.32 0.27 0.47 0.40 0.28  0.46 0.37 0.28 0.45 0.38 0.28 047
O 2.74 2.78 4.09 3.16 2.75 3.98 2.89 2.76 3.99 2.96 273  3.92
O MUPM 1.64 1.24 1.84 1.51 1.26 2.06 1.62 1.26 2.06 1.53 1.27 2.04
O 6.40 5.36 7.56 6.38 5.32 7.48 6.81 5.25 7.42 6.08 5.26 7.52

Marg dens. -940.30 -933.61 -936.11 -931.00
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Table 6: Selected Second Moments of the Models

Standard deviation (in percent)

Model Ay Ac Ainv i T Arer Atot Awp
Data 0.81 085 226 214 062 121 146 1.66
Benchmark 2.12 1.66 6.88 2.95 1.04 268 289 6.47
CS 1.79 1.64 5.56 3.02 1.02 230 247 4.83
PD 1.77 1.81 705 316 1.16 268 3.02 6.01
CS and PD 227 156 6.55 3.01 098 205 241 6.59
Autocorrelations

Model y c inv i T rer tot wp

Data 0.73 071 0.84 050 033 071 062 0.62
Benchmark 0.70 0.82 0.38 -0.02 0.36 0.57 0.79 0.49
CS 0.74 081 055 0.11 032 054 0.76 0.65
PD 0.72 0.82 042 -0.01 028 052 073 044

CSand PD 0.70 080 047 0.09 023 065 081 0.53

Cross-correlation with output

Model y c inv i T rer tot wp
Data 1.00 0.78 0.81 0.15 -0.14 -0.25 0.61 0.35
Benchmark 1.00 0.65 045 -0.24 -0.06 0.44 -0.68 0.43
CS 1.00 0.73 0.42 -0.10 -0.07 0.49 -0.74 0.45
PD 1.00 0.68 0.36 -0.14 -0.08 0.42 -0.67 0.42

CS and PD 1.00 0.70 046 -0.27 -0.17 0.46 -0.71 0.48

Note: all model-based second moments are computed by simulation the model at the posterior mean.
Autocorrelations and cross correlations of real variables come from simulating the model 10000 times
with 10000 periods at the posterior mean and dropping the first 1000 observations and applying the HP
filter. The standard deviation of real variables are the theoretical standard deviations for the variables in

differences.
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Table 7: Contributions of the shocks to the variance

(Model with currency substitution and price dollarisation)

SHOCK Ay Ac  Ainv i T Arer Atot Awp
DEMAND SHOCKS:

Preferences 0.13 5712 0.09 0.19 020 0.07r 022 0.04
Domestic interest rate 0.43 0.15 1.08 055 3890 6.38 1.69 1.04
SUPPLY SHOCKS:

Domestic productivity 6.70 160 063 029 235 438 9.90 2.00
Mark-up 9.71 024 438 032 3.68 4.69 849 2242
Imported sector mark-up 0.03 045 063 030 439 14.70 890 0.28
Unit root 4798 224 717 074 3.60 15.18 35.10 18.26
EXTERNAL SHOCKS:

uUIP 2.20 2240 30.55 19.78 25.08 8.95 19.33 12.23
Foreign interest rate 32.83 15.82 5548 77.82 21.81 45.65 16.37 43.73

Note: all model-based second moments are computed by simulation the model at the posterior mean. The

variance of real variables are the theoretical variance for the variables in differences.
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Table 8: Posterior Distributions - Extensions

CS and PD With PPP shocks Data from 1995
Coefficient Mode 5% 95% | Mode 5% 95% | Mode 5% 95%
h 0.89 0.90 0.98 0.75 0.68 0.90 0.94 0.92 0.99
n 1.99 2.15 4.56 2.98 1.98 4.64 4.62 2.70 10.64
cH 1.45 1.44 2.17 1.35 1.07  1.68 3.01 2.55  3.58
(% 0.77 0.75 1.21 0.44 0.34 0.60 1.03 0.88 1.53
Up 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01
On 0.52 0.30  0.56 0.27 0.18 0.36 0.41 0.27 0.51
O 0.45 0.37 0.54 0.82 0.78 0.87 0.56 0.48 0.68
Ap 0.40 0.26  0.58 0.43 0.27  0.59 0.44 0.29 0.61
Aw 0.42 0.43 0.70 0.42 0.30 0.58 0.53 0.37 0.71
O 1.94 1.75 2.45 1.61 1.27  2.00 2.20 1.89  2.53
®y 0.09 -0.03  0.29 0.16 0.01 0.34 0.22 0.07  0.39
Vg 0.84 0.61 0.90 0.71 0.59 0.84 0.85 0.70  0.99
v, 0.03 0.01  0.10 0.22 0.06 0.39 0.03 0.01 0.08
5 0.40 0.33  0.66 0.56 0.38 0.69 0.51 0.34 0.66
5Pd 0.47 0.35  0.66 0.39 0.23 0.54 0.42 0.28 0.59
Pe 0.66 0.24 0.76 0.74 0.41 0.90 0.62 0.38 0.88
Pyu 0.91 0.80  0.96 0.92 0.84 0.97 0.89 0.79 0.96
PAON 00l 002 019 | 065 041 079 031 012 051
PMUP 0.68 0.56  0.84 0.79 0.68 0.88 0.80 0.69 0.90
PUIP 0.96 0.96  1.00 0.95 0.91 0.98 0.96 0.97 1.00
PrUPM 0.90 0.74 0.96 0.61 0.44 0.74 0.73 0.57 0.86
D+ 0.22 0.11 0.32 0.51 0.20 0.84 0.21 0.10 0.33
Pprpp 0.00 0.00  0.00 0.23 0.08 0.36 0.00 0.00 0.00
O¢ 8.98 772  27.88 4.02 2.75 7.85 8.29 5.18 20.49
OgH 0.82 0.68  0.99 0.73 0.61 0.90 0.75 0.62 0.94
OMON 2.19 1.75 2.54 1.37 0.90 2.11 1.34 1.07  1.72
OMUP 6.82 3.80 7.90 4.13 3.15  5.58 2.75 1.74 3.81
ourp 0.38 0.29 047 0.21 0.17  0.29 0.38 0.27 0.45
Oy 2.96 2.73 3.92 1.97 1.60 2.49 2.26 1.87 2.73
O MU PM 1.53 1.27 2.05 10.92 6.16 19.11 1.37 1.04 2.04
O 6.09 5.26 7.52 0.25 0.14 0.55 5.97 4.83 7.08
oppp 0.00 0.00  0.00 6.04 4.68 7.92 0.00 0.00  0.00

Marginal Density | -931.00 -929.10 -638.67
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Table 9: Selected Second Moments of the Models - Extensions

Standard deviation (in percent)

Model Ay Ac Ainv i T Arer Atot Awp
Data 0.81 085 226 214 062 121 146 1.66
CS & PD 227 156 6.55 3.01 098 2.05 241 6.59

CS & PD (data from 1995) 1.26 096 4.69 295 0.81 1.61 1.14 3.96
CS & PD (with PPP shocks) 1.18 1.31 352 1.13 129 196 211 3.36

Autocorrelations

Model y c ) i m rer tot wp
Data 0.73 071 0.84 050 033 071 062 0.62
CS & PD 0.70 0.80 047 0.09 023 065 081 0.53

CS & PD (data from 1995) 0.74 078 056 013 042 048 0.76 0.51
CS & PD (with PPP shocks) 0.75 0.82 0.75 0.46 044 077 085 0.74

Cross-correlation with output

Model y c ) i s rer tot wp
Data 1.00 0.78 081 0.15> -0.14 -0.25 0.61 0.35
CS & PD 1.00 0.70 046 -0.27 -0.17 0.46 -0.71 0.48

CS & PD (data from 1995) 1.00 0.77 036 -0.07 -0.06 0.35 -0.72 0.47
CS & PD (with PPP shocks) 1.00 0.71 041 -0.16 -0.14 0.50 -0.49 045

Note: all model-based second moments are computed by simulation the model at the posterior mean.

Autocorrelations and cross correlations of real variables come from simulating the model 10000 times

with 10000 periods at the posterior mean and dropping the first 1000 observations and applying the HP

filter. The standard deviation of real variables are the theoretical standard deviations for the variables in

differences.
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Table 10: Contributions of the shocks to the variance

(Model with currency substitution, price dollarisation and PPP shocks)

SHOCK Ay Ac  Ainv i T Arer Atot Awp
DEMAND SHOCKS

Preferences 0.11 56.52 0.23 0.16 0.09 0.15 0.10 0.01
Domestic interest rate 0.29 226 3.88 10.10 57.68 11.88 16.02 1.95
SUPPLY SHOCKS:

Domestic productivity 19.92 436 254 035 273 371 572 0.46
Mark-up 10.41 0.12 6.51 0.04 062 047 1.19 23.92
Imported sector mark-up 023 3.74 432 1.19 3.28 1281 1821 1.36
Unit root 3237 152 199 096 3.48 11.53 10.85 5.03
EXTERNAL SHOCKS:

Foreign interest rate 0.02 006 010 0.05 003 0.17 0.0r 0.05
UIP 0.58 10.68 11.81 5.11 4.00 6.25 3.69 1.80

Purchase power parity 36.08 20.74 68.60 82.06 28.08 53.03 44.15 65.43

Note: all model-based second moments are computed by simulation the model at the posterior mean. The

variance of real variables are the theoretical variance for the variables in differences.
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