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Dynamic stochastic general equilibrium (DSGE) models with
nominal rigidities have become a popular tool for monetary policy
analysis in recent years.! The basic sticky price model has been
enriched to include additional sources of nominal and real rigidities.
These additional elements have been introduced to generate the
observed degree of persistence in inflation, real wages, and output.2
Extensions of these closed economy models to open economies have
highlighted the presence of the same types of rigidities.?

This paper was written while Felipe Liendo was affiliated with the Central Bank
of Chile. The model presented in this paper is a simplified version of the DSGE model
currently being developed at the Central Bank of Chile (the MAS project). We thank our
discussants, Renzo Rossini and Raphael Bergoeing, and Sebastian Edwards, Douglas
Laxton, Andrew Levin, David Rappoport, Claudio Soto, and Rodrigo Valdés for useful
suggestions and comments.

1. Prominent examples of monetary business cycle models with price stickiness
include Goodfriend and King (1997) and Rotemberg and Woodfoord (1997).

2. Altig and others (2004), Christiano, Eichenbaum, and Evans (2005), and Smets
and Wouters (2003b) argue that these ingredients can indeed explain the joint dynamics
of inflation, output, real wages, labor, consumption, investment, and nominal interest
rates in the U.S. economy.

3. For new open economy models with nominal rigidities, see Adolfson and others
(2005a, 2005b); Benigno and Benigno (2003); Gali and Monacelli (2005); Schmitt-Grohé
and Uribe (2001), and Smets and Wouters (2003a).
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In this paper, we estimate a small open economy DSGE model for
Chile to determine, at the aggregate level, the extent and magnitude of
alternative sources of nominal and real rigidities to explain business
cycles in Chile. Identifying the level of nominal and real rigidities
that are present in the economy is a relevant step toward the efficient
design of monetary policy. In particular, the existence (or absence) of
certain rigidities may have very different implications for the trade-off
between output and inflation stabilization that central banks face. For
instance, standard new Keynesian models with nominal price rigidities
and flexible wages generate a strong policy prescription: the role of
monetary policy is to fully stabilize inflation. In this setup, inflation
depends only on expected inflation and the gap between current output
and its natural level (that is, the level that would prevail in the absence
of nominal stickiness). In this framework, the central bank does not
face a trade-off: stabilizing inflation is equivalent to stabilizing output
from its natural level.

The absence of a trade-off between output and inflation stabilization
is what Blanchard and Gali (2005) call the divine coincidence, and
it is a controversial feature of the standard new Keynesian model. A
frequently used approach to avoid this coincidence is to introduce a cost
push shock to the new Keynesian Phillips curve, so the central bank
faces a stabilization trade-off (see Clarida, Gali, and Gerler, 1999).
This may seem an ad-hoc solution because, as noted by Blanchard and
Gali (2005), conventional supply shocks do not appear as disturbances
in the baseline new Keynesian model.

A more structural way of dealing with this coincidence is to remove
the assumption that wages are flexible. Erceg, Henderson, and Levin
(2000) find two important results when both wage and price decisions
are staggered. First, the policymaker’s welfare function depends on
the variance of output, price inflation, and wage inflation; second, it
becomes impossible to set more than one variance to zero in the face
of exogenous shocks. They thus demonstrate that, in contrast with
the standard new Keynesian model with only price rigidities, there
is a trade-off between stabilizing the output gap, price inflation, and
wage inflation. In this case, the efficient equilibrium (the one under
flexible prices and wages) cannot be reached with monetary policy.

The above result can be explained as follows. On the one hand,
staggered wage setting can lead to cross-sectional dispersion in hours
worked across households. This dispersion imposes a welfare cost
because households dislike variations in their labor supply, given that
they have an increasing marginal disutility of labor. The policymaker’s
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welfare function thus depends not only on the variance of output
and inflation (as in the standard new Keynesian model with only
price rigidities), but also on the variance of wage inflation, which is
directly correlated with the variance of employment. The variances of
output, price inflation, and wage inflation have a negative weight on
the policymaker’s welfare function. On the other hand, the fact that
wages are staggered implies that marginal costs depend not only on
the output gap, but also on the difference between the observed real
wage and the equilibrium real wage (see Blanchard and Gali, 2005).
As a consequence, the New Keynesian Phillips curve is a function of
both the output and real wage gap. In this context, any shock that
moves the equilibrium real wage generates a movement in price
inflation (because the observed real wage cannot fully adjust toward
its equilibrium level). This movement can only be offset by altering
the output gap. Therefore, when both wage and price stickiness are
introduced, the divine coincidence no longer holds, and there is a
trade-off between stabilizing price inflation and output. In contrast
with the ad-hoc supply shocks that are usually introduced to generate
a trade-off between price inflation and output gap stabilization, in this
case this trade-off arises endogenously.

Blanchard and Gali (2005) consider real rigidities, such as wage
indexation, in addition to nominal rigidities, such as price and wage
stickiness. In this case, the existence of a stabilization trade-off
will depend on both the degree of wage inertia and the nominal
rigidities.

A policy rule that seeks to fully stabilize inflation is clearly
suboptimal in the presence of wage rigidities. In particular, it can
exacerbate the volatility of both output and wage inflation. In this
case, an alternative policy rule that seeks to minimize the volatility of
a weighted average of wage and price inflation may perform better, as
shown by Erceg, Henderson, and Levin (2000) and Blanchard and Gal
(2005). In other words, optimal policy prescriptions depend on the set
of frictions that the economy faces and, in particular, the importance
of nominal and real rigidities in the wage setting process.*

Standard reduced-form models, with no explicit microeconomic
foundations, are unable to identify, in practice, the source of nominal

4. Additional examples of optimal monetary policy with sticky prices and one or
more nominal or real frictions include Adéo, Correia, and Teles (2003); Benigno and
Woodford (2004); Kahn, King, and Wolman (2003); Lama and Medina (2004); Schmitt-
Grohé and Uribe (2004, 2005); and Woodford (2001).
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and real frictions. Their contribution to policy analysis is thus rather
limited. We lay down a structural model containing both nominal
and real frictions and estimate it for Chile. The model features habit
formation in the consumer’s utility function, introduces wage and
price rigidities, and allows for the possibility of imperfect exchange
rate pass-through to import prices. We also explore alternative
specifications for the monetary policy reaction function, assessing
whether the central bank has reacted to expected, contemporaneous,
or past inflation. Finally, we also conduct a subsample analysis to
determine whether any of the relevant rigidities or policy coefficients
changed after 1999, when full-fledged inflation targeting and a free-
floating exchange rate regime were introduced.

We use Bayesian techniques to estimate the model. To apply this
methodology we combine priors and the likelihood function to obtain
the posterior distribution of structural parameters. The likelihood
function of the parameters is evaluated using the Kalman filter of a
log-linear approximation of the model. We use the Metropolis-Hastings
algorithm to approximate the posterior distribution.

We adopt a Bayesian approach for various reasons.® First, the
Bayesian approach is system-based and fits the dynamic stochastic
general equilibrium model to a vector of time series. Second, the
estimation is based on the likelihood function generated by the DSGE
model, rather than, for instance, the discrepancy between DSGE model
responses and vector autoregression (VAR) impulse responses. Third,
prior distributions can be used to incorporate additional information
into the parameter estimation. Fourth, this approach can cope with
potential model misspecification and possible lack of identification of
the parameters of interest. In a misspecified model, if the likelihood
function peaks at a value that is at odds with the prior information on
any given parameter, the posterior probability will be low. The prior
density thus allows us to weight information about different parameters
according to its reliability. Lack of identification, in turn, may result
in a likelihood function that is flat for some coefficient values. Hence,
based on the likelihood function alone, it would not be possible to
identify the value of the parameters of interest. The Bayesian approach
copes with this problem by introducing prior distributions. In fact,
a proper prior can introduce curvature into the objective function,
the posterior distribution, making it possible to identify the value of

5. See Fernandez-Villaverde and Rubio-Ramirez (2004) and Lubik and Schorfheide
(2006) for a deeper discussion of the advantages of this approach.
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different parameters. Finally, as pointed out by Fernandez-Villaverde
and Rubio-Ramirez (2004) and Rabanal and Rubio-Ramirez (2005),
Bayesian estimation delivers a form for comparing models through,
the marginal likelihood. This makes it possible to determine the extent
to which additional ingredients of the model help explain the Chilean
data. An advantage of using the marginal likelihood to compare models
is that it penalizes overparametrization.

In recent years, several macroeconometric models with Keynesian
features—for example, a Phillips curve—have been estimated for
the Chilean economy to analyze monetary policy.® The parameters
estimated in this type of model do not have a structural interpretation,
however, since they are based on reduced-form equations. In this
paper, the parameters estimated do have a structural interpretation.
Céspedes, Ochoa, and Soto (2005) similarly estimate a structural
Phillips curve for Chile, derived from a new Keynesian model similar
to ours. Nevertheless, they make a single equation estimation of that
Phillips curve, which can still suffer from identification problems
because it does not take into account the cross-correlation between
inflation and the rest of the equations in the system.” Other studies
use general equilibrium models for the Chilean economy, in which the
parameters have a structural interpretation. However, the values of
the parameters in these models are calibrated and not estimated.®
Moreover, these models do not consider nominal rigidities such as
those emphasized by the new Keynesian literature. Caputo and
Liendo (2005) estimate a general equilibrium model for Chile based
on Gali and Monacelli (2005), where wages are fully flexible and
aggregate consumption is completely smooth.? This model also lacks
the imperfect pass-through to imported prices considered here.

Our main results are as follows. First, models with both price
and wage rigidities fit better the Chilean data. Rabanal and Rubio-
Ramirez (2005) highlight the presence of both staggered prices and
wage setting as salient features for explaining U.S. data. They also

6. See Corbo and Tessada (2005); Garcia, Herrera, and Valdés (2002); Garcia and
others (2005); and Medina and Valdés (2002). Gallego, Schmidt-Hebbel, and Servén
(2005) develop a general equilibrium model derived from first principles, but in which
some equations (such as the labor supply) are reduced form and not fully consistent
with the rest of the model.

7. See Leeper and Zha (2000) for a discussion of identification problems in the
estimation of reduced-form equations or partial equilibrium models.

8. See, for example, Bergoeing and Soto (2005); Duncan (2005).

9. This last result is due to the fact that the model displays perfect risk sharing in
international financial markets and does not incorporate habit in consumption.
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show that the point estimates of price rigidity are higher than those
of wages in the U.S. economy.!? In our case, the degree of rigidity is
higher for wages than for prices. Our estimation shows that nominal
wages are optimally adjusted every three quarters, on average, while
the optimal horizon for price adjustments is every two quarters. The
subsample analysis suggests that both prices and wages were adjusted
less frequently after 1999 than before. This result is in line with
Céspedes and Soto (in this volume), who find that a highly credible
inflation-targeting regime leads to less frequent price adjustments.
Another relevant feature of the Chilean economy is the imperfect pass-
through from the exchange rate to import prices. Our results indicate
that import prices are kept fixed for around two years, on average,
with a degree of stickiness that does not change over time.

Second, adding wage indexation clearly improves the fit of the
model. This level of indexation is comparatively larger than that
of domestic and import prices. Wage indexation generates a more
persistent response of inflation to shocks, and makes inflation
fluctuations more costly in terms of output and labor.!! It is also,
as mentioned above, one of the determinants of the monetary policy
trade-off.

Third, real rigidities such as habit formation also deliver a better
account of the aggregate data, although the estimated values are
quantitatively small. Chari, Kehoe, and McGrattan (2000) point out
that models with nominal rigidities do not generate enough persistence
in output following a monetary shock as predicted by semi-structural
VARs in U.S. The inclusion of habit formation in consumption has
helped solve this issue.!? In the case of Chile, our work confirms
the relevance of this type of real rigidity to explain business cycle
fluctuations.

Fourth, models with a Taylor rule that reacts to expected inflation
better characterize the monetary policy in the sample period. As found
by Corbo (2002), Schmidt-Hebbel and Tapia (2002), and Caputo
(2005), the policy response to inflation is comparatively larger than
the response to output and to exchange rate. On the other hand,
the subsample analysis indicates that the degree of interest rate
smoothness increased after 1999, while the response to inflation
relative to output became less aggressive. This result may be an

10. The calibrated values used by Christiano, Eichenbaum, and Evans (2005)
suggest that wages are slightly stickier than prices.

11. See Jadresic (2002).

12. See Fuhrer (2000).
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indication that, in a context of greater policy credibility, the inflation
target can be achieved with a lower sacrifice ratio.

The rest of the paper is organized as follows. Section 1 describes
the structure of a dynamic general equilibrium model for the Chilean
economy. Section 2 then explains the econometric strategy to estimate
the parameters and compare models. In this section, we also describe
the data used and our choice of priors and calibrated parameters to
construct the posterior distribution. In section 3, we present the results
of the Bayesian estimation. Finally, section 4 concludes.

1. A SimPLE SMALL OPEN EcoNomy MODEL

In this section, we describe a dynamic stochastic general
equilibrium (DSGE) model with nominal and real rigidities. This
microfounded model is closely related to the new open economy
literature. It is a simplified version of Medina and Soto’s (2005) model
for the Chilean economy, but to make this paper self-contained, we
subsequently describe the structure of the model and the decision
problems of the agents.

In this setup, the domestic economy is open to international
markets, and it is small for the rest of the world. The last assumption
implies that international prices, foreign interest rates, and foreign
demand are not affected by domestic agents. The main rigidities of the
baseline model are the following: sticky prices and wages, past inflation
indexation of prices and wages, and habit formation in consumption.
Home goods are sold to domestic and foreign households. We also
assume that these goods are an imperfect substitute of the foreign
(imported) good.

The economy includes two types of firms: intermediate goods
producers and retailers. The first type produces differentiated varieties
of intermediate goods. For simplicity, we assume that labor is the only
variable input used for production. These firms have monopolistic
power over the variety of goods they produce. The second type of firms
are competitive retailers that combine intermediate goods to produce
home goods.

Households supply a differentiated labor service and receive the
corresponding wage compensation. Each household has a monopolistic
power over the type of labor service it provides. Furthermore,
households are the owners of firms producing intermediate goods,
so they receive the income corresponding to the monopolistic rents
generated by these firms.
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Monetary policy is modeled as a Taylor-type rule that incorporates
interest rate inertia. In particular, the interest rate reacts to inflation,
GDP growth, and its own lagged value. The rule is augmented to
include a response to nominal exchange movements. We also test
whether the data support a reaction to expected, contemporaneous,
or past inflation.

We assume that labor productivity grows at a rate 8, Finally, we
also assume that in the steady state, the inflation rate is exogenously
determined by the monetary authority, and it is nonzero.

1.1 Households

The domestic economy is inhabited by a continuum of households
indexed by j € [0, 1]. The expected present value of the utility of
household j is given by:

u+l
o0

E,» B'{log

t=0

[lt (j)]HﬂL m
1+o, u+1

M, ()
P

t

CY)

CKD—bP+gJCJ—g

where [,(j) is labor effort, C,(j) is total consumption, and M,(j)
corresponds to the total nominal balances held at the beginning of
period t. The inverse elasticity of labor supply with respect to real
wages is represented by o,, while (, is a preference shock that shifts
the labor supply. The w coefficient represents the importance of real
balances, M,(j)/P,in the utility function. Preferences display habit
formation, measured by the parameter b. The consumption good is a
composite of home and imported goods:

/(1)
Ct (]) = (1 _ OL)l/n [CH,t (j)](v1—1>/ﬂ + OLI/“ [Cp.t (j)](n—l)/n , (2)

where 1 is the elasticity of substitution between home and imported
goods, and ais the share of imported goods in the domestic consumption
basket. For any level of consumption, each household purchases a
composite of home and imported goods in period ¢ to minimize the
total cost of its consumption basket. Each household thus minimizes
PH,tCH,t(i) + PEtCEt(i)’ subject to equation (2), where Py, and P, are
the price of home and imported goods, respectively. Therefore, the
demand for home and imported goods are given by
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) P, "
CH,z =(1- 0‘)[%] G, CF,t = 0‘[%} C, @)
The price of the consumption good is defined as

1/ (=)

P, =[1-)P}, +aP},| (4)

We detrend and log-linearize expressions (3) and (4) to obtain the
following:13

eHI =Ci— n ﬁHt _ﬁt] s (log 1)
Cre=Ci—|Pr — D, |, and (log 2)
B =(1-0|pu-+o[pa) (log 3)

Domestic households have access to three different types of assets:
money, M,(j); one-period noncontingent foreign bonds, B,*(j); and one-
period domestic contingent bonds d,,,(j), which pay out one unit of
domestic currency in a particular state. There are no adjustment costs
in the portfolio composition. However, each time a domestic household
borrows from abroad, it must pay a premium over the international
price of external bonds. This premium is introduced in the model to
obtain a well-defined steady state for the economy.'* The household
budget constraint is thus given by

e.B, (J)

. e B’
1+: ]@ T
[ t [PX,tXt
W, (DL ()+d, () +eB, ()+M,, ()+1, +T,

PC, ())+E, (a1, ()] + +M, ()=

®)

where II, are profits received by domestic firms, e, is the nominal
exchange rate, W,(j) is the nominal wage set by household j, and 7,

represents per capita lump-sum net transfers from the government.

13. Lowercase variables with ~ denote log-linear deviation with respect to the
steady-state values.

14. See Schmitt-Grohé and Uribe (2003) for different ways to achieve a steady state
that is independent of initial conditions in small open economy models.
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The term

@Vﬁ
PX,tXt
corresponds to the premium domestic households have to pay each
time they borrow from abroad, where

. 1o,
B = [ Bl (j)dj
is the aggregate net foreign asset position of the economy and PX, X,
is the nominal value of exports.'® Also, g, .+, 1s the price of domestic
contingent bonds in period ¢, normalized by the probability of the
occurrence of the state. Assuming the existence of a full set of
contingent bonds ensures that the consumption of all households is the
same, independently of the labor income they receive each period.'®
Our assumption that the premium depends on the aggregate net
foreign asset position of the economy implies that households take
O(') as given when deciding their optimal portfolios. In other words,
households do not internalize the effect on the premium of changes in
their own foreign asset position. In the steady state, the ©(-) function
is parameterized as

- ©' @B /PyX) B’
(C) eB =0 and ( */X ) eB =
P X OB /Py X) P X

.

Here B corresponds to the steady-state net foreign asset position,
while Py Xis the steady-state value of exports. When the country as a
whole is a net debtor, ju is the elasticity of the upward slopping supply
of international funds.

Consumption and saving decisions

Households choose consumption and the composition of their
portfolios by maximizing equation (1) subject to equation (5). The
optimal conditions can be combined to obtain log-linear expressions
for the Euler equation and the uncovered interest parity condition:

15. Since the economy is growing in the steady state, the net asset position is also
growing in the long run. Therefore, to have a stationary risk premium, this premium
must be a function of the ratio of the net asset position and some variable that grows
at the same rate in the steady state. We chose exports, since they could represent a
form of international collateral (see Caballero and Krishnamurthy, 2001)

16. This, in turn, motivates the exclusion of index j in expressions (log 1) and (log 2).
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and (log 4)

R 1 n b - 1-5b61~ ”
= H—bEt[CHl] + 1+_th—1 - H—b\lt —E, [“Hl]

A

r/e7t+i)z 7[5X,t 727} —% (6>

5, =1, +Et[AEt+l]+u

where e,is the nominal exchange rate andrer;, = e, +f);t — D, is the
real exchange rate (both measured as the log deviation from their
steady-state values). Based on the real exchange rate definition, the
nominal exchange rate devaluation can be defined as

—~ o~ Ak A

Ae, =rer, —rer, , — T, +T, (log 5)
where %: 1s foreign inflation (in foreign currency).
Labor supply decisions and wage setting

Each household j is a monopolistic supplier of a differentiated labor
service. There is a set of perfectly competitive labor service assemblers
that hire labor from each household and combine it into an aggregate
labor service unit, /,, that is then used by the intermediate goods
producer. The labor service unit is defined as follows:

1 e, —D)fe, 4.
j;lt(j)( 1/ dj

where ¢, is the elasticity of substitution of different types of labor.
The optimal composition of this labor service unit is obtained by
minimizing its cost, given the different wages set by different
households. In particular, the demand for the labor service provided
by household j is:

EL/(EL -1)

I, = (7

®)

L) \ W, ()]

where W(j) is the wage rate set by household j and W, is an aggregate
wage index defined as

1/,

€)

L —EL -
W= [ W)
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Following Erceg, Henderson, and Levin (2000), we assume that
wage setting is subject to a nominal rigidity a la Calvo (1983). In
each period, each household faces a constant probability (1 — ¢;) of
being able to re-optimize its nominal wage. We assume there is an
updating rule for all households that cannot re-optimize their wages.
In particular, if a household cannot optimize during i periods between
t and t+i, then its wage at time ¢+i is given by

VVHi (]) = F;V,tVVz (])’ (10)

where I}, , describes an adjustment rule for wages, which is defined as
i - 3 _ 1€,
D, =[[A+m50)" A7) 7 A48,
Jj=1

This “passive” adjustment rule implies that workers who do not
optimally reset their wages update them by considering a geometric
weighted average of past CPI inflation and the inflation target set by the
authority, %, . The inclusion of (1 + gy) in the above expression prevents
large real wage dispersion along the steady-state growth path. Once a
household has decided on a wage, it must supply any quantity of labor
service that is demanded at that wage. A particular household j that is
able to re-optimize its wages at time ¢ solves the following problem:

W, ()l
P,

t+i

max =FE OA,,
W0 t<; LA e t+i

7Ct [lt+i (])]UL [Ct+i - b (1 + gy )CHi—l ]} lt+i (])»

subject to the labor demand (equation 8) and the updating rule for the
nominal wage (equation 10). The variable A, .. 1s the relevant discount
factor between periods ¢ and ¢+i; it is given by

C,—b(1+8,)Cry
Cz+i -b (1 + gy )Ct+i—1

L+

Combining the optimal choice of wages with the updating rule
and the definition of the aggregate real wage, we obtain the following
log-linear expression for real wages, wr:
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1+v0p
08, (b vy
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)wrz =1-v)(1-0) O-th+mct_ﬁ a6

+(1+og, )d)Lu/};H +(1+og v, E, (J);Hl) (log 6)
—(I+0.8)(Op +vi€p)m + (1 +0.8,)018,m
+(1 +0L€L)ULEZ (T‘Prl)’

where v, =8¢,
1.2 Home Goods Sector

There are two types of firms in this sector: retailers and intermediate
goods producers. The latter use labor to produce a differentiated good
while the former combine these intermediate inputs to produce the
home good consumed by domestic and foreign households.

Retailers

Retailers create units of home goods according to a constant-
elasticity-of-substitution aggregator of a continuum of intermediate
products that are indexed on the unit interval, z,; € [0, 1]. Specifically,
retailers produce Y}, units of home goods using the following constant-
return-to-scale technology:

e,_,/(sg -1)

1 ok
Yy, = \j; Yy, (zy )(vH Ve dzy (11

Retailers then allocate their demands for intermediate goods by
minimizing the total cost of production, subject to equation (11), where.
e 1s the elasticity of substitution of differentiated intermediate goods.
The optimal combination of intermediate goods determines a demand
for each variety, z,;:

Py, (zy)
Py,

—ey
i

YH,t (ZH ) = YH,t 12)

where Py (zp) is the price of the variety z;; and Py, 1s the aggregate
price level of home goods, which is given by
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1/(1—ey) (13)

1 11—y
Pt:J;PH,t(ZH) dZH
The total production of home goods is consumed by domestic and
foreign households. The foreign demand for home goods is given by
the following expression, in log-linear form:

AK

Cm = 6: - (log 7)

gyl ﬁHt_p\t]_rert ’

where ¢ is the aggregate level of foreign consumption and n* is the
elasticity of substitution of the foreign demand.

Intermediate goods producers

The producers of intermediate home inputs are assumed to be
monopolistic competitors. We further assume that they face a nominal
rigidity that prevents them from adjusting prices optimally in every
period. For simplicity, we assume that the only variable input is labor.
The production function can thus be expressed as follows:

Yy, (2n)= A, (11+8,) 1 (25)> (14)

where AH , 1s a productivity shock. The cost of producing is W, (zH)
which implies that the marginal cost of each intermediate ﬁrm is
equal to W/[A, (1+g, ).

Following Calvo (1983) we assume that firms adjust their prices
infrequently. In particular, they do so when receiving a signal. In
every period, the probability of receiving a signal and adjusting prices
is 1 — ¢ for all firms, independent of their history. If the firm does
not receive a signal, then it follows a simple updating rule defined
by the functionI'y,. Thus, if a firm, 2y, receives a signal in period ¢,
then it will adjust the price of its variety, PH, (zp), so as to maximize
the following expression:

max E Z(CbH) At t+i

Py, (zy)

; t
FH,tPH,t (ZH)_ I/Vt/[AH,t (1 +gy)

X P YiiiGGu) ) (15)

t+i
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subject to the restrictions imposed by the technology and considering
the demand the firm faces for its variety (equation 12). The passive
adjustment rule is given by

; ¢ C ol
rYy, = H(HMWI) A+7.) (16)
j=1

where 1+ 7 Hi™ <PH, /Py 1) » and where 7, , ; corresponds to the inflation
target set by the authority. Relative price changes may have a feedback
impact through this adjustment rule. Firms that do not optimally
adjust take into consideration the inflation target, which is set in
terms of consumption goods inflation. The parameter ¢, captures the
degree of indexation in the economy. The larger this parameter, the
larger is the weight of past inflation in defining new prices.

Combining the optimal price setting with the automatic updating
rule yields a hybrid Phillips curve for home goods inflation:

. 3 -
__ P g _SH
T e, 11pe,
+(1*¢H)(1*F3<1>H)
Oy (1+88,)

A

T

+

(log 8)

[wrt—&—ﬁt—ﬁm—am .

1.3 Imports

The import sector consists of a continuum of firms that buy
a homogeneous good in the foreign market. These firms turn the
imported good into a differentiated import.!” Competitive assemblers
combine this continuum of differentiated imports in a final imported
good, Y. The technology of importing assemblers is given by

EF/(EF -1)

! (ep—1)/ep
Ye, = j; Yr, (2r) / dzp, J

where ¢,is the elasticity of substitution of differentiated import goods
and Y (zp) 1s the quantity of a differentiated import, z,, used by the
assemblers. The optimal mix of the differentiated import is given by
the following demand:

17. This differentiating technology can be interpreted as product branding.



522 Rodrigo Caputo, Felipe Liendo, and Juan Pablo Medina

P (zp)] "

: a7
PF,t

YF,t (ZF ) = YF,z

where Py (zj) is the price of the import brand, zj, charged in the
domestic market, and P, is the aggregate price of imported goods in
the domestic market:

1)

1 ey
[ i) " dzp

The different importing firms buy the homogeneous foreign
good abroad at price P;,t , in foreign currency. Each importing firm
possesses monopoly power over the domestic retailing of its variety.
We assume local currency price stickiness to allow for incomplete
exchange rate pass-through to the import prices. An importing firm
adjusts the domestic price of its variety infrequently, when receiving
a signal. The signal arrives with probability 1 — ¢, each period. The
arrival of the signal is independent of the history of a particular firm
and identically distributed across importing firms. As in the case of
domestically produced goods, if a firm does not receive a signal, it
updates its price following a passive rule. This passive rule is defined
through I“Ft and states that if an importer, z;, does not receive a signal
to optimally adjust its prlce between time ¢ and ¢ + i, then its price at
time ¢ + 1 is given by I'! P ’t(zF). The updating rule is defined as

PF,t =

i G 33 _ 1-€p
Croes = [ JA+me,50)" A+T,;)

j=1

where 1+ 7, =Py [Py, .
Hence, when a generic importing firm, 2, receives a signal, it
chooses a new price by maximizing the following expression:

I N G elF L(F)
II)n%]{()E Z((bF)AttJrl — t P = - FHl G

t-+i

subject to the domestic demand for variety z, (equation 17) and the
updating rule. As in the case of home goods, the optimal price setting
can be combined with the automatic updating rule to obtain a Phillips
curve for the inflation of imported goods in the domestic market:
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o= LEt ki S T
Fy 1+ B&F Fit+1 1+ B&F Fi-1

(1—¢F)(1—B¢F>[A . ]
BRI L)

(log 9)

1.4 Monetary Policy

We assume that monetary policy in Chile could be modeled as a
Taylor-type rule:

o= wi;‘t—l +(1- wz)(wn *, + wyj’t + 05 A e )+ v/ (log 10)

To be consistent with monetary policy in Chile during the
sample period analyzed, we consider the real interest rate,7,, as
the monetary policy instrument. In this specification, ¢_ and wy
are, respectively, the long run responses of the monetary authority
to deviations of inflation and GDP growth from their target levels
(steady-state values). We also include a reaction to the nominal
devaluation, 1,,, to analyze empirically whether this feature is
relevant for Chile. Finally, 1, controls for the degree of interest rate
smoothing, which has been proved to be important for explaining
monetary policy empirically.

This specification has been estimated for Chile in several
papers, including Schmidt-Hebbel and Tapia (2002), Caputo
(2005), Parrado and Velasco (2002), and Corbo (2002). The evidence
generally supports the existence of a Taylor-type policy reaction
function that responds to inflation deviations from target, to output,
and to real exchange rate misalignments. The papers cited above
perform their estimations in a univariate setting. In this paper,
the policy rule coefficients are estimated along with the rest of the
coefficients that characterize the economy. This allows us to exploit
cross-equation restrictions that link agents’ decision rules to the
policy parameters.

Finally, the real (ex-ante) and nominal interest rates are linked
through the following identity:

S Et[iﬂ] (log 11)
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1.5 Aggregate Equilibrium

Using the aggregate equilibrium in the labor market, we can write
the market-clearing condition for the home goods sector as,

aHy +2t = [C—H
YH

e [1 _ C—H]cH , (log 12)
YH

where C,/Y}; is the steady-state fraction of home goods production
that is consumed by domestic households.!®
Total GDP is given by

Yt = Ct JrPX,tht - etPI:,tCF,t :

PX, X, is the total level of exports, which is given by,

pX,tXt = PH,tC;I,t +Xs,t ’

where XS,t is the level of commodity exports, which represents a
significant share of Chilean exports. We treat this component of
exports as exogenous and stochastic.!? We log-linearize the GDP
around the steady-state growth path to get

X C:)- NX ).
+ ?YH]xSto‘[17]cFv“ (log 13)

Cy

Y

Ak

CHt

where NX/Y is the net exports-to-GDP ratio. The detrended and log-
linearized expression for exports is

*

1—=42

*

X (18)

YH (ﬁH,t + é;“ )+

ﬁX,t +‘5ét :[

18. We do not need to specify the money market equilibrium condition since money
is separable in the utility function and the policy instrument is the interest rate.

19. In Chile commodities represent a significant share of total exports. These
commodities are produced independently of domestic economic conditions (the interest
rate, real wages, and so forth) and they can therefore be considered as exogenous in
the short run.
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Using this expression for exports, we can write the uncovered
interest parity (equation 6) as follows:

C, Y. e
I | — pH,t_pt+CH,t

i:;;JrEt(Aém)Jru{rért +b — b

(]

Since we model an open economy, the net foreign asset evolution
is governed by (log-linear form)

(log 14)

Ll A 1  1-p _[% Y*]rért
[1+z*@ [1+w*][1+gy] [1+z*]@ eB
1 Sx 1 % AK
+ lt+ [btl_ﬂt]
[1+i*]@ [1+w*][1+gy}
(S %)
vi.g'l N v Ix log 15
Y |eB [1+i]® Y | X (log 15)
| s zat+é;t]
X G|y e [ GY
Y Y |eB [1+i*]@ Y X

To close the model, we link the change in the real price of home
and imported goods with consumption price inflation, as follows:

Py~ P, = ﬁHH -D, , + %Ht —7,,and (log 16)

pF,t_ﬁt:/pEt1_ﬁt,1+ﬂEt_“t' (log 17)



526 Rodrigo Caputo, Felipe Liendo, and Juan Pablo Medina
1.6 Stochastic Exogenous Process

The economy 1s subject to seven orthogonal fluctuations: a labor
supply shock (Qt ); a foreign interest rate shock (i, ); a foreign inflation
shock (ﬁt ); a foreign demand shock (C ); a productivity shock (aHt) a
monetary policy shock (v}"); and a commodity export shock (*s:). We
specify the following stochastic processes for these shocks:

é, = pQQH +e, (log 18)
i =p. o+ &, (log 19)
%: = pw*%; +e,, (log 20)
Ct*P C L teEs (log 21)
&Ht = Pa &Ht—l t+ey (log 22)
v =g, (log 23)
Xg = Ps ¥ +eg (log 24)

where each 1nn0vat10n g follows a normal distribution with zero
mean and variance 0”, for i=(, i*, %, ¢*, a, m, S, and innovations
are uncorrelated with each other.

1.7 Alternative Models

We consider alternative models that reduce the degree of rigidity
and modify the specification of the monetary policy rule. In addition
to the baseline case, we estimate five models that remove, one by
one, some of the nominal and real rigidities for a given policy rule.
The first alternative model, M1, removes the assumption that there
is incomplete exchange rate pass-through to the import prices; it
therefore considers ¢, = £ = 0. The second model, M2, removes
the assumption of price indexation of home goods, in addition to
incomplete pass-through. That is, in this model, ¢, =¢;,=¢,=0. The
third alternative model, M3, further removes wage indexation, such
that ¢ = €5 =, =€, = 0. In this case, inflation is not inertial, and
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wages are not indexed to past inflation. The fourth model, M4,
removes the assumption that wages are sticky. This means that
&, =0, so workers set their wages optimally in each period. As before,
op=Ep=Ey =€, =0. In this specification, there is no inertial behavior
in the inflation equation or in the wage equation. Finally, model M5
assumes no habit formation in the consumers’ utility function. As a
result, in this specification, b=0and ¢, =£;=€,=¢; =, =0. This last
case is the standard new Keynesian model with no inertia (inflation
and consumption are forward looking) and sticky prices.

For the baseline model (which takes into account the nominal
and real rigidities of the economy), we investigate how monetary
policy has reacted in the inflation-targeting period. In so doing,
we follow Lubik and Schorfheide (2006) and assess the plausibility
of alternative policy rule specifications. We are interested in
determining what inflation horizon is implicit in the policy reaction
function. In particular, we test whether the Central Bank of Chile has
been forward- or backward-looking with regard to inflation. In the
ﬁrst case, we modify equation (log 10) by replacmg current inflation,
7, , with expected one-period-ahead inflation, E (’T(t 11)- In the second
case, the target is one-period-past inflation, «, , .

To compare alternative model specifications, we use the Bayes
factor, which enables us to assess which model is more likely to
generate the data.

2. EcoNOMETRIC METHODOLOGY

Having set up a theoretical model with nominal and real
rigidities, we estimate the structural coefficients that characterize
the economy. As a previous step, we kept a number of parameters
fixed throughout the estimation procedure. Most of these parameters
can be related to the steady-state values of the observed variables
in the model, and they are therefore calibrated so as to match some
long-run statistics. We assume an annual long-run labor productivity
growth of 3.5 percent.?? The long-run annual inflation rate is 3
percent, which is consistent with the target value defined by the
Central Bank of Chile in 2001. The subjective discount factor,3, is
set close to 0.99 (annual basis) to yield an annual nominal interest
rate of 7.0 percent in the steady state. The share of imported goods

20. This is consistent with 5 percent long-run GDP growth and 1.5 percent labor
force growth.
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in the consumption basket,a, is set at 40 percent, while the share
of home goods production in total GDP, Y,/Y, is set at 90 percent.?!
The ratio of net exports to GDP, NX/Y, in the steady state is equal
to 2.0 percent, which is consistent with the average value of this
statistic in the sample period analyzed. The remaining shares can
be obtained using these values and the steady-state relations (see
the appendix). Obtaining direct information on price and wage
markups is cumbersome, so we use values in the range used by
other studies: e, =¢, =€, =9.22

We can now estimate the remaining coefficients that characterize
the economy. In particular, we want to know the values of 6 = (5, b,
d)H’ (I)L’ (bF’ n, T]*’ by gy gH’ &F% 'll)i’ 'll)w llby? wAe’ pQ pi*’ pﬂ*7 pc*’ pa’ Ps» O_(’ Gi*’
O s Ou 04 0,). We follow Rabanal and Rubio-Ramirez (2005), Lubik
and Schorfheide (2006) and Adolfson and others (2005b) in using
Bayesian estimation techniques for both the model estimation and
our evaluation.

Simply stated, the Bayesian approach works as follows. First,
it places a prior distribution with density p(0) on the structural
parameters, 0. The data, Y7, are then used to update the prior
distribution through the likelihood function, L(6/Y7), to obtain the
posterior distribution of 6. According to Bayes’ theorem, this later
distribution, p(6/YT), takes the form

L[S/YT]p(G)

o

Draws from this posterior distribution can be generated through
Bayesian simulation techniques. Based on these draws, we can
compute the summary statistics (namely, posterior means and
standard deviations) that characterize the structural coefficients.

To compare alternative model specifications, we use the marginal
likelihood function, which is the probability that the model assigns
to having observed the data. It is defined as the integral of the

p[e/YT]: (19)

21. The value-added of natural resources accounts for about 10 percent of total GDP.

22. Christiano, Eichenbaum, and Evans (2005) use £, =21 and ¢, = 6 for a closed
economy model calibrated for the United States. Adolfson and others (2005b) use the
same values for an open economy model calibrated for the euro area. Brubakk and
others (2005) use ¢, = 5.5 and ¢; = 6 for a calibrated model of the Norwegian economy.
Jacquinot, Mestre, and Spitzer (2005) calibrate ¢, = 2.65 and ¢, = 11.
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likelihood function across the parameter space using the prior as
the weighting function:

p[YT/Hi]:fL[G/YT,Hi]p[G/Hi]dG (20)

where p(Y T|Hi) is the probability of having observed the data under
model specification H,, and L(0/Y T,HL.) and p(0/H)) are the likelihood
function and the prior distribution, respectively, under model
specification H,. A natural way of assessing which model is more
plausible is to construct the ratio of the marginal likelihood function
under alternative model specifications. This ratio, known as the Bayes
factor, takes the following form:

p

YT/Hi]
B, =

p[YT/Hj]

where B, j is the Bayes factor of model i over model j. If Bi’j > 1,
model i is more plausible than model j, and vice versa. Since we are
unable to obtain the marginal likelihood function in a closed-form,
we estimate it as in Geweke (1998) and Rabanal and Rubio-Ramirez
(2005), by integrating over the draws used to construct the posterior
distribution. These draws are generated through the Metropolis-
Hastings algorithm.

2.1 Likelihood Function

To construct the posterior distribution (equation 19), we need to
compute the likelihood function. First, we solve the model and write
the solution in state-space form. We then use the Kalman filter to
evaluate the likelihood of each of the models. In practice we proceed
as follows.

Equations (log 1) to (log 24) form a linear rational expectation
model in the variables

A A A A A

A A A A A —~ —~ A AF
Yo Ct’cH,t’ CF,t’ﬁt’ﬁH,t’“F,t’rt’lt’Aet’rert’wrt’ lt’bt’
S~

A A AF AF AF AK

2 m
@y Qo Xg pCprChy plp T Vy s

p, P,
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A

The vector of observables is y,= yt,m,;t,Aét,rert,u/);t,zt and the
rest are endogenous but nonobservable variables. Following Sims
(2002), the log-linearized DSGE model can be written as a system
of the form

Lo@)s, =0, 0)s,, +T.(0), +T, O)n, > (22)

where 0 is the vector of structural coefficients and T'; is a matrix, ¢,
stacks the innovations of the exogenous processes, and n, is composed
of rational expectation forecast errors. The solution to equation (22)
can be expressed as?3

s, =&, (0)s,; +0.(0)g, (23)

A measurement equation then relates the model variables, s,, to
the vector of observables, y,:

y, = A(0)+ Bs, (24)

Given Y'={y ,..., y;}, we now obtain the likelihood function L(6[Y?)
that can be evaluated, for any given 6, using the Kalman filter.

2.2 Posterior Distribution

We derive the posterior distribution of the coefficients in two
steps. First, we find the posterior mode, which is the most likely
point in the posterior distribution, and compute the Hessian matrix
at the mode using a standard optimization routine.2* In this case,
the likelihood function is computed by first solving the model and
then using the Kalman filter. Second, we implement the Metropolis-
Hastings algorithm to generate draws from the posterior. The
algorithm generates a sequence of draws that is path dependent. It
works as follows: (1) Start with an initial value of the parameters—say,
0%—and compute the product of the likelihood and the prior at this
point: LO°Y)p(6°); (2) From 6°, generate a random draw, 0!, such that
0! = 0% + v!, where v! follows a multivariate normal distribution and
the variance-covariance matrix of v! is proportional to the inverse

23. We use the updated version of Uhlig’s (1997) routines to solve the log-linearized
model.
24. Namely, the csminwel command in Matlab.
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Hessian of the posterior mode, and then, for 6!, compute L(©®'|Y)p(0?).
The new draw, 0!, is accepted with probability R and is rejected with
(1-R), where

e

R =minil,

If the draw is accepted, it is possible to generate another draw, 62 =
0! + v1, and assess whether this second draw is accepted. If the draw is
rejected, we go back to the initial value, 09, and generate another draw.
The idea of 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 are less represented, but will eventually be
visited. In practice we implement this algorithm with 5,000 draws.

2.3 Data

To estimate the model, we use quarterly data on the Chilean
economy for the period 1990:1 to 2005:4. We choose the following
seven observables variables: real GDP, the short-term real interest
rate, consumer price inflation (CPI), the real exchange rate, nominal
exchange rate devaluation, real wages, and labor input. Real GDP,
consumer prices, real wages, and labor input are seasonally adjusted
using the X-12 method.

We use core inflation as a measure of consumer price inflation.
Core inflation is also used to deflate nominal wages and construct the
real exchange rate. We demean all variables. In the case of real wages
and GDP, we detrend and demean the series using a linear trend in
order to work with stationary series.2? Labor input is constructed as
the fraction of total employment over the working-age population.
The short-term real interest rate corresponds to the monetary policy
rate, which was indexed until July 2001. For the later period, the real
interest rate is constructed as the difference between the nominal
monetary policy rate and the expected inflation implicit in the main
forecast model of the Central Bank.

25. The estimated parameters did not change significantly when we used a
Hodrick-Prescott filter.
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2.4 Prior Distribution

The priors’ density function, its mean, and its standard deviation
reflect our beliefs about the potential values that parameters can take.
A relatively high standard deviation results in a more diffuse prior
distribution; this reflects the uncertainty associated with a specific
coefficient. If the standard deviation is low and, in the limit, zero, it
means that the coefficient should take a specific value, independent
of the actual data. In general, we choose our priors based on evidence
presented in previous studies for Chile. When the evidence is weak or
nonexistent, we tend to impose more diffuse priors.

Table 1 presents the prior distribution, the mean, and the 90
percent probability interval for the coefficients contained in 6. For
the inverse elasticity of labor supply, o;, we assume an inverse gamma
distribution with mode 1.0 and four degrees of freedom. In practice,
this implies that the elasticity of labor supply,o;', can take values
between 0.3 and 1.6, in the 90 percent confidence interval. This is a
wide range and reflects our uncertainty with regard to this coefficient.
The habit formation coefficient, b, follows a beta distribution with
a mean of 0.5 and a standard deviation of 0.25. The 90 percent
confidence interval for this coefficient is thus between 0.1 and 0.9.
This range is much wider than Adolfson and others (2005b) find for
the same coefficient in the euro area. The probability that prices and
wages are not reset optimally every quarter, ¢, , ¢ and ¢, follows
a beta distribution with a mean of 0.75 and a standard deviation of
0.10. This prior is similar to that considered by Adolfson and others
(2005b) for the euro area and by Rabanal and Rubio-Ramirez (2005)
for the United States. The elasticity of substitution between foreign
and domestic goods, m, follows an inverse gamma distribution with a
mode of 1.5 and four degrees of freedom. We use the same assumption
for n*. In this case, this elasticity can vary between 0.97 and 5.49.
This is a wide range, which is in line with that suggested by Adolfson
and others (2005b). The supply elasticity of international funds, p, is
assumed to follow an inverse gamma distribution with a mode of 0.1
and four degrees of freedom.

We impose nonnegativity restrictions on the policy rule coefficients.
We assume inverse gamma distributions with four degrees of freedom
for \_and by, For 1, we set a mode of 0.75. This implies values for
U that are in the range found in previous estimations.?6 For b, we

26. See Schmidt-Hebbel and Tapia (2002); Caputo (2005).
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Table 1. Prior Distributions

Variable Density Mean/mode®  Std. dev./df* 90% Interval
oy Inverse Gamma 1.00 4.00 0.64-3.66
b Beta 0.50 0.25 0.10-0.90
oy Beta 0.75 0.10 0.57-0.90
or Beta 0.75 0.10 0.57-0.90
op Beta 0.75 0.10 0.57-0.90
n Inverse Gamma 1.50 4.00 0.97-5.49
n* Inverse Gamma 1.50 4.00 0.97-5.49
B Inverse Gamma 0.10 4.00 0.06-0.37
€ Beta 0.50 0.25 0.10-0.90
€L Beta 0.50 0.25 0.10-0.90
Ep Beta 0.50 0.25 0.10-0.90
b, Beta 0.75 0.20 0.35-0.99
v Inverse Gamma 0.75 4.00 0.48-2.74
b, Inverse Gamma 0.50 4.00 0.32-1.83
’lb:Ae Inverse Gamma 0.20 5.00 0.13-0.61
Py Beta 0.70 0.25 0.21-0.99
Py Beta 0.70 0.25 0.21-0.99
[ Beta 0.70 0.25 0.21-0.99
P« Beta 0.70 0.25 0.21-0.99
[ Beta 0.70 0.25 0.21-0.99
P Beta 0.70 0.25 0.21-0.99
0, Inverse Gamma 1.00 3.00 0.64-4.89
o, Inverse Gamma 1.00 3.00 0.64-4.89
0. Inverse Gamma 1.00 3.00 0.64-4.89
O Inverse Gamma 0.50 3.00 0.32-2.45
(- Inverse Gamma 0.25 3.00 0.16-1.22
0, Inverse Gamma 0.20 3.00 0.13-0.98
o, Inverse Gamma 1.00 3.00 0.64-4.89

Source: Authors.
a. Mean for beta distributions; mode for inverse gamma distributions.
b. Standard deviation for beta distributions; degrees of freedom for inverse gamma distributions.

set a mode of 0.5, which yields a prior 90 percent probability interval
of 0.32 to 1.83 for this coefficient. On the other hand, we assume that
1 ,, follows an inverse gamma distribution with a mode of 0.2 and five
degrees of freedom. Finally, for the interest rate smoothing coefficient,
1, we assume a beta distribution with a mean of 0.75 and a standard
deviation of 0.2. The priors chosen for the policy rule coefficients are
in line with the stylized facts found in previous studies.

The autoregressive parameters of the stochastic shocks, Pes P
P Pg P P Dave beta distributions. This means that their value
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should lie in the (0, 1) interval range. We do not impose tight
priors on these distributions, so shocks can be either persistent
or nonpersistent. Specifically, for all parameters, we set the prior
mean at 0.7 and the standard deviation at 0.25. Thus the 90
percent probability interval considers values from 0.21 to 0.99. The
standard deviations of the shocks are assumed to have an inverse
gamma distribution with three degrees of freedom. The shape of
this distribution implies a rather diffuse prior; that is, we do not
have strong prior information on those coefficients. In any case, the
mean of the distributions are set based on previous single-equation
estimations and on trials with weak priors. In particular, o, o,
o, and o have a prior mode of 1.0, which implies values for these
parameters between 0.64 and 4.89. For o,. the mode is set at 0.5,
implying values from 0.32 to 2.45, whereas the modes of o_. and
o, are set at 0.25 and 0.20, respectively.

3. BAYESIAN ESTIMATION RESULTS

Once the priors have been specified, we estimate the model by first
computing the posterior mode and then constructing the posterior
distribution with the Metropolis-Hastings algorithm. Table 2 presents
the posterior mean of each parameter and its standard deviation under
alternative model specifications. In order to compare different models,
we also report (in the last row) the value of the log marginal density.

In the baseline case (second column), the inverse of the elasticity
of labor supply, o;, has a posterior mean of 0.80, which is slightly
smaller than the value reported for the United States by Rabanal
and Rubio-Ramirez (2005). The posterior mean of the habit formation
coefficient, b, is 0.14. This is consistent with an autoregressive
coefficient for consumption, b/(1 + b), of nearly 0.15. This degree
of habit formation is below that found for Europe by Adolfson and
others (2005b). The posterior mean of the Calvo probability is 0.53
for home goods prices, ¢, and 0.68 for wages, ¢,. This implies that
home goods prices are set optimally more frequently than wages:
home goods prices are reset every two quarters, on average, whereas
wages are kept fixed, on average, for three quarters. Compared with
evidence for developed economies, the results for ¢, imply less sticky
prices in the home goods sector, whereas for ¢; they imply similar
values. For example, Adolfson and others (2005b) report values for
¢y and ¢; of 0.89 and 0.70, respectively, for the euro area. This is
consistent with an average duration of 9.5 quarters for prices and
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3.5 quarters for wages. In the United States, the average duration
of prices and wages is 6.2 and 2.4 quarters, respectively (Rabanal
and Rubio-Ramirez, 2005). In a partial equilibrium estimation for
Chile, Céspedes, Ochoa, and Soto (2005) find a higher degree of prices
stickiness than what we find here, with prices being optimally reset
every three to eight quarters. However, they do not estimate the
degree of price and wage stickiness simultaneously.

Our estimation of the elasticity of substitution between domestic
and foreign goods, 7, is 0.89. The estimated value for 1" is 0.56.
The values for these elasticities are below the estimates for the
euro area in Adolfson and others (2005b). At the same time, our
results show the existence of both inflation and wage indexation:
the coefficients §; and ¢, are estimated to be 0.70 and 0.11,
respectively. This latter result implies a reduced-form coefficient
on lagged inflation, €,/(1+8¢,), with a value very close to zero. For
Chile, Céspedes, Ochoa, and Soto (2005) find a larger value for
both ¢ ;; and € ,/(1+8¢ ;). We therefore conclude that inflation inertia
tends to become less important when we introduce wage indexation.
In the next subsection, we test whether ¢; and £, can be removed
from the model and the implications that this would have for the
remaining coefficients.

Imperfect pass-through from the exchange rate to import prices is
a relevant feature of the Chilean economy. The value of, ¢, indicates
that import prices are kept fixed for around two years, on average. The
degree of indexation, £, is quantitatively small in this case, at 0.08.

The results for the policy rule coefficients, \;, V., b, and ,,,
tend to confirm the findings of previous research. First, we find an
important degree of interest rate smoothing: 1\, has a posterior mean
of nearly 0.9. Second, the response to inflation is relatively more
important than the policy response to output and the exchange rate:
the posterior mean of {_1is 1.27 whereas b, and 1, , have a posterior
mean of 0.23 and 0.15, respectively.

3.1 Posterior Distribution and Model Comparison

What is the relevance of a particular nominal or real rigidity? Is
the monetary policy better described by a forward-looking inflation-
targeting Taylor rule or by a rule that reacts to contemporaneous
inflation? To answer these questions, we assess the plausibility of
alternative models in which we remove some of the rigidities. We also
consider models with alternative specifications of the Taylor rule.
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We begin by considering a model, M1, that removes the imperfect
pass-through and import price inertia. That is, ¢, = 0, and £, = 0. As
shown in table 2, the log marginal probability density is well below the
value under the baseline model. Hence, the fit of the model is clearly
worse when we remove imperfect pass-through.

Next, we consider a model, M2, that removes inflation inertia,
€y = 0. The results are shown in the fourth column of table 2. In
general, the posterior mean of the coefficients does not change, but
this specification has a slightly higher log marginal probability density
than M1. Thus, once we remove imperfect pass-through, allowing for
€y = 0 the fit of the model improves. However, the baseline model
still delivers a better fit for the Chilean data than M2. In the third
alternative specification, we impose no wage indexation, §; = 0 (see
table 2, column 5). This causes the marginal probability density to
fall, so we can rule out the hypothesis that ¢, = 0. The fourth model we
test, M4, additionally removes the assumption that wages are sticky,
such that ¢, = 0. The Bayes factor for this specification is less than
one. Allowing for flexible wages thus worsens the model’s ability to fit
the aggregate data. Finally, we consider a specification, model M5, in
which we also remove the habit coefficient from the Euler equation,
b = 0. This model displays a slightly worse fit of the data than model
M4. Therefore, although the magnitude of real rigidities is small,
empirically it is a relevant feature for explaining the Chilean data.

3.2 Alternative Policy Rules Specifications

Table 3 presents alternative specifications for the policy reaction
function. In the baseline case, the Central Bank is reacting to
contemporaneous inflation. We test an alternative specification in
which the monetary authority is reacting, instead, to expected future
inflation (see table 3, column 3). This model fits the data better than
the baseline. The Chilean data thus favor a forward-looking behavior
by the Chilean Central Bank with respect to inflation. In this case, the
values of the nominal and real rigidities do not change significantly,
although the policy reaction to expected inflation seems to be higher
than in the baseline case. Finally, we test whether a backward-
looking specification for the Taylor-type policy rule is preferred and
conclude that this model cannot explain the Chilean data better than
a model with expected inflation targeting. Forward-looking behavior
by the Central Bank is important and consistent with the set of real
and nominal rigidities found in the estimation. The presence of real



Table 3. Posterior Distributions of Models with Alternative
Monetary Policies?

Targeting future Targeting past
Variable Baseline expected inflation inflation
o 0.800 0.616 0.673
(0.202) (0.154) (0.160)
b 0.139 0.064 0.486
(0.084) (0.045) (0.246)
by 0.527 0.419 0.752
(0.088) (0.065) (0.122)
op 0.677 0.644 0.806
(0.068) (0.051) (0.074)
op 0.911 0.917 0.905
(0.017) (0.018) (0.021)
n 0.889 0.823 0.719
(0.190) (0.195) (0.140)
n* 0.557 0.553 0.491
(0.087) (0.079) (0.078)
n 0.413 0.431 0.425
(0.078) (0.071) (0.068)
€L 0.704 0.601 0.811
(0.176) (0.161) (0.093)
Ey 0.114 0.190 0.045
(0.101) (0.080) (0.060)
£p 0.079 0.168 0.077
(0.068) (0.136) (0.043)
b, 0.908 0.902 0.909
(0.026) (0.023) (0.027)
b, 1.274 1.841 0.772
(0.658) (0.643) (0.172)
P, 0.229 0.243 0.285
(0.046) (0.060) (0.105)
Uy, 0.146 0.136 0.154
(0.031) (0.035) (0.049)
Log post -713.07 -710.10 -712.05

Source: Authors’ estimations.
a. The table presents posterior means. Standard deviations are in parentheses.
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and nominal rigidities confirms that the effect of monetary policy on
inflation occurs with lags. Hence, targeting future expected inflation
recognizes that stabilizing current inflation is costly given the presence
of real and nominal inertia.

3.3 Subsample Analysis

The inflation-targeting regime in Chile has undergone some
changes in the past years. After 1999, Chile embraced a full-
fledged inflation-targeting regime with a fixed inflation target and
a free-floating exchange rate. To see whether some of the structural
coefficients may have changed, we analyze the behavior of the price
and wage rigidities in two subsamples: 1990-99 and 2000-05. This
exercise 1s performed for the baseline model. The subsample analysis
suggests that both prices and wages were adjusted less frequently after
1999 (see table 4). This result is in line with Céspedes and Soto (in this
volume), who find that a credible inflation-targeting regime reduces
the incentive to change prices and wages in nominal terms. At the
same time, imperfect pass-through from the exchange rate to import
prices is a relevant feature of the Chilean economy, with a degree of
stickiness that, apparently, does not change over time.

Table 4. Posterior Mode of Price and Wage Rigidities for
Subsamples

Variable 1990-99 2000-05
oy 0.400 0.907
o, 0.612 0.805
bp 0.972 0.913
£, 0.359 0.318
€y 0.137 0.103
" 0.119 0.070

Source: Authors’ estimations.

We also analyze the subsample behavior of the policy itself, using
the baseline specification for the policy reaction function (see table 5).
This exercise indicates that the degree of interest rate smoothing
increased after 1999. The response to inflation and output also became
a little more aggressive after 1999. More importantly, the ratio of
to, shrank after 1999 (4.11 versus 2.98). This last result may be an
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indication that, in a context of increased policy credibility, the inflation
target can be achieved with a relatively less aggressive reaction to
inflation vis-a-vis output, reducing the sacrifice ratio. Finally, the
policy response to exchange rate movements seems less important in
the second subperiod, which is clearly consistent with the elimination
of the exchange rate bands.

Table 5. Posterior Mode of Policy Rule Coefficients for
Subsamples

Variable 1990-99 2000-05
v, 0.682 0.938
b, 0.649 0.727
b, 0.158 0.244
Vs, 0.321 0.159

Source: Authors’ estimations.

4. CONCLUSIONS

In this paper, we have derived a microfounded model that features
habit formation in the utility function and considers both sticky prices
and wages. We also introduced indexation in prices and wages, and
we incorporated imperfect pass-through from the exchange rate to
import prices.

These nominal and real rigidities may be features that characterize a
small open economy like Chile. The main question this paper addresses,
then, is the extent to which nominal and real rigidities are important
in explaining the behavior of the aggregate data in Chile during the
inflation-targeting period. This question is particularly important from
a policymaker’s perspective. Identifying the level of nominal and real
rigidities that are present in the economy is a relevant step toward the
efficient design of monetary policy. The existence (or absence) of certain
rigidities may have very different implications for the trade-off between
output and inflation stabilization that central banks face.

We address this question in the context of a structural model that is
estimated using Bayesian techniques. The advantage of this approach
is that it is system-based and enables us to incorporate additional
information, not contained in the actual data, into the parameter
estimation. Moreover, this approach can cope with identification and
misspecification problems. In this context, we also investigate how
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the Chilean Central Bank has designed its policy in the inflation-
targeting period. To do this, we introduce a Taylor-type policy rule in
the microfounded model and assess whether this rule has reacted to
expected, contemporaneous, or lagged inflation.

Our main results are as follows. First, models with both price and
wage rigidities best account for the Chilean data. Notably, the degree
of wage rigidities is higher than that of domestic prices. Our results
show that nominal wages are adjusted optimally every three quarters,
on average. In contrast, prices are re-optimized every two quarters. The
subsample analysis suggests that both prices and wages were adjusted
less frequently after 1999 than before. This result could reflect the
increased credibility of the inflation-targeting regime, which would give
price and wage setters less of an incentive to adjust nominal prices and
wages. At the same time, imperfect pass-through from the exchange
rate to import prices is a relevant feature of the Chilean economy.

Second, adding wage indexation clearly improves the fit of
the model. This level of indexation is comparatively larger than
that of domestic and import prices. Wage indexation generates a
more persistent response of inflation to shocks, and it is one of the
determinants of the policy trade-off.

Third, real rigidities such as habit formation also provide a better
account of the aggregate data, although the possible values of it are
quantitatively small.

Fourth, models with a Taylor rule that reacts to expected inflation
characterize monetary policy in the sample period better than models
with a Taylor rule that reacts to contemporaneous inflation. As found
in previous studies, the policy response to inflation is comparatively
larger than the response to output and the exchange rate. Moreover,
the subsample analysis indicates that the degree of interest rate
smoothness increased after 1999. The response to inflation relative
to output also became less aggressive after 1999. In a context of
increased policy credibility, the inflation target can be achieved with
a smaller trade-off between inflation and output fluctuations, reducing
the sacrifice ratio.

Overall, our results confirm the relevance of a wide set of frictions
for explaining the behavior of the Chilean economy. These frictions are
the key elements that determine the optimality of alternative ways
of designing monetary policy. Hence, the results presented here raise
two questions: to what extent has the Chilean Central Bank reacted
to both price and wage inflation, and what is the optimal response to
this type of friction? We leave these questions to future research.
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APPENDIX
The Steady State of the Model

We assume that the long-run income per capita growth rate is g,
and the steady-state inflation rate is ©. These assumption imply a
nominal interest rate given by i = (1 + g )(1 + ©)/3 — 1. The foreign
interest rate and inflation rate are i* andy 7*. The arbitrage condition
in the steady state implies an external premium equal to

144 14w
147, 141

In the long-run steady state, the ratio of net exports to GDP is
denoted by INX/Y. The share of imported goods in total consumption
is a, and the share of domestically produced (H) goods in total GDP
is denoted by Y, /Y. We use these statistics to find
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Finally, using the foreign interest rate and the ratio of net exports
to GDP, we derive an expression for the ratio of net foreign assets to
GDP:
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