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Resumen 
 
En este trabajo analizamos el impacto de emplear diversas metodologías para calibrar 
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Sin embargo, la mejora de bienestar en estado estacionario producto de los tratados es 
robusta a las distintas parametrizaciones. 
 
Abstract 
 
In this paper we analyze the impact of using alternative parameter calibration 
methodologies for general equilibrium models in the context of a particular application. 
When studying implications of different parameterizations on long-run equilibria for Chile, 
we find that the impact of free trade agreements on macroeconomic variables of interest is 
contingent on the choice of methodological approach. Nevertheless, steady state welfare 
gains due to the treaties are robust to different parameterizations. 
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1 Introduction

Dynamic stochastic general equilibrium models (DSGE ) have become a cor-
nerstone of quantitative macroeconomics, its wide usage lies on the ad-
vantages they offer in terms of internal consistency, coherence with eco-
nomics, and recently, with noticeable reduction of computation costs, among
other reasons. However, despite these advantages and breakthroughs, several
open questions remain, as a survey Fernandez-Villaverde and Rubio-Ramirez
(2006) point out three of these currently open avenues,

1. how to determine the value of parameters that define preferences and
technology (also known as deep parameters),

2. how to measure the goodness of fit of the model, and

3. how to establish which theory better takes account of the data.

This paper addresses the first question, studying the sensitivity of our sim-
ulations to different parameterizations coming from alternative methodolo-
gies. We use a three sector DSGE model proposed by Chumacero et al.
(2004) for which parameters are obtained using three different approaches,
in the first place there is unconditional moments calibration (CI), following
Chumacero et al., parameters are set in order to match certain previously
chosen moments to some stylized facts observed for the chilean economy.
Second, following Hansen and Singleton (1982), a subset of parameters is
estimated1 by the generalized method of moments with instrumental vari-
ables (GMMIV), under this scheme certain moments are previously selected
in order to match the data. Finally, according to Gallant (2001) effective
calibration is used (EDF calibration as named by Gallant). This approach
differs from the previous ones regarding the lack of an ex-ante selection of
moments carried out by the researcher, instead the whole data distribution
is matched with the one coming from model simulations.

As it will be discussed in this paper, each methodology used has advan-
tages and shortcomings which poses them as alternatives. Besides putting
into practice these different approaches, the focus of the paper is on the im-
plications of choosing among them. A sensitivity analysis is carried out in the
context of a model originally designed to study the effects of the adoption of
free trade agreements (FTAs) between Chile and two of its main commercial

1Later it will become clear how the size of this subset is conditional on data availability.
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partners (United States of America and European Union). Stationary states
are computed for the chilean economy before and after the treaties, after
which the equilibriums obtained under the three proposed methodologies are
compared.

In Cabezas (2003) there is a survey of studies measuring the impact
of the FTA with the US on the chilean economy. According to the gen-
eral approach, these effects on economic growth are classified into those
who consider only the traditional channel (trade creation net of diversion
and improved market access) and those who also include alternative chan-
nels (reduced country risk premium, increased capital returns, larger capital
stock, positive externalities associated to new capital goods exchange, etc.).
Among the reviewed studies, the effect of the FTA on gross domestic product
(GDP) growth differs, Brown et al. (1992) calculate an effect on GDP growth
of 0.37 and 5.15% for the traditional and alternative channels respectively,
while according to Hinojosa-Ojeda et al. (1997) these two effects would be
0.2 and 1.3%. Harrison et al. (1997; 2001) obtain for the traditional channel
figures ranging between 0.43 and 1.23% and 8.4% for the alternative. Fi-
nally Coeymans and Larráın (1994) report the largest effects associated to
the signature of FTAs, with 0.26 and 10% for the traditional and alternative
approaches.

The papers reviewed in Cabezas (2003) use multi-sectorial computable
general equilibrium CGE which are static since they measure the change
between steady states before and after the FTA signature, without taking
into account the transitional dynamics between states. Therefore their results
can only be read as long term effects. The author’s survey evidences high
heterogeneity in the results for Chile, however, the variance of the results
for the traditional effects is significantly lower than that for the alternative
channels (almost 70 times lower).

Chumacero et al. develop a DSGE model which allows the comparison
of steady states, and also of the transitional dynamics between them. The
authors calibrate their model’s deep parameters in order to match certain
stylized facts of the Chilean economy (unconditional calibration from here
on), the remaining parameters are set according to the FTAs specific features,
taking 2002 as base year. They find that in the long term, the treaty signature
has an effect slightly higher that 1% over the original real GDP growth.
In this paper we use Chumacero et al. unconditional parametrization as a
benchmark.
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The paper is organized as follows. Section 2 presents the DSGE model
to be solved. Section 3 describes the main aspects of the methodologies em-
ployed for calibration and estimation and shows the parameters obtained.
Section 4 reports and compares the steady states under different parameter-
izations. Section 5 summarizes the main findings and conclusions.

2 The Model

This section presents the dynamic stochastic general equilibrium model de-
veloped by Chumacero et al. which is used to measure the effect of the FTAs
on certain variables of interest for the Chilean economy. In this framework,
FTAs are modelled as changes in taxes and tariffs and their inherent effect
on fiscal policy.

The model has three sectors, exportable, importable and non tradable.
Next, some of its main aspects are datailed.

2.1 The Households

It is assumed that the economy is inhabited by an infinitely lived representa-
tive agent who maximizes the expected value of lifetime utility. The problem
to be solved is given by

max E0

∞
∑

t=0

βtu(cm,t, cn,t) (2.1)

s.a

cm + cnp + i + (1 + r̃)b ≤ rk + b+1 + F + πx + πm + πn

k+1 = (1 − δ)k + i (2.2)

considering tariffs and taxes, the budget constraint becomes

(1 + τm)(1 + τcm
)cm + (1 + τcn

)cnp + (1 + τm)(1 + τcm
)i + (1 + r̃)b ≤

(1 − τk)(1 + τm)(1 + τcm
)rk + b+1 + F + πx + πm + πn (2.3)

where, cm,t is the consumption of importable goods (m) in t and cn,t is
the consumption of non tradable goods (n) in t, notice that the exportable
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good (x) is not consumed by local agents. In the budget constraint with
tariffs and taxes, τk is a tax on capital income levied by the government, τm

is an import tariff, τcm and τcn are taxes on the consumption of importable
and non tradable goods respectively, p is the relative price of non tradables
in terms of importables, b is the external debt amount held by the private
sector, r̃ is the net interest rate paid on b, r is the rental rate of capital stock
at each sector, i is the investment which satisfies (2.2), F is a lump sum net
transfer from the government to the households, πx, πm and πn are the profits
of the three sectors, besides, k is the capital stock and δ is the depreciation
rate of the capital stock.

The household’s problem, expressed in (2.1), (2.2) and (2.3), can be sum-
marized into the value function that satisfies,

V (sh) = max
cm,cn,b+1,k+1

{u(cm, cn) + βE[V (sh,+1)]} (2.4)

s.t. (2.2), (2.3) and the perceived laws of motion of the states 2, named
as sh.

The first order optimality conditions for the households are,

1

p
=

u′
cm

u′
cn

(1 + τcn)

(1 + τm)(1 + τcm)
(2.5)

1 = βE

[

u′
cm,+1

u′
cm

(1 + τm)(1 + τcm)

(1 + τm,+1)(1 + τcm,+1)
(1 + r̃+1)

]

1 = βE

[

u′
cm,+1

u′
cm

[(1 − τk,+1)r+1 + 1 − δ]

]

the first intratemporal FONC states that the relative price between trad-
able and importable goods must equal their corresponding ratio of marginal
utilities. The next two intertemporal FONCs state that the marginal rate of
substitution between consumption today and tomorrow must equal its rela-
tive price in terms of external debt and rate of return of capital, respectively.

The optimality conditions gathered in (2.5) will be useful later when the
estimation process of certain parameters included is described.

2The states in this problem are: τm, τcm, τcn, p, r̃, τk, r, k, b, F, πx, πm, πn.
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2.2 The Firms

It is assumed that in all three sectors (x, m, n) there are representative firms,
with production functions which only include capital as input. Labor is
considered as a sector-specific input. Next, the firm problems for each sector
are presented, as well as the fiscal balance, market clearance conditions and
competitive equilibriums.

2.2.1 Importable Sector

The profits of the representative firm are given by,

πm = (1 + τm)f(zm, km) − (1 + τm)(1 + τcm)rkm (2.6)

where, zm is a productive shock and km is the amount of sector-specific
capital demanded. The value function that summarizes the problem of the
representative firm is,

V (sm) = max
km

{πm + βE[V (sm,+1 )]} (2.7)

s.t. the perceived laws of motion of the states grouped in sm = {τm, τcm,
r, zm}.

The FONC for the previous problem is,

f ′

km(zm, km) = (1 + τcm)r (2.8)

2.2.2 Exportable Sector

The profits of the representative firm are given by,

πx = (1 − τx)qf(zx, kx) − (1 + τm)(1 + τcm)rkx (2.9)

where, τx is an export tax levied by the rest of the world, q is the rel-
ative price of exportables in terms of importables (terms of trade), zx is a
productive shock and kx is the amount of sector-specific capital demanded.
The value function that summarizes the problem of the representative firm
is,

V (sx) = max
kx

{πx + βE[V (sx,+1 )]} (2.10)
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s.t. the perceived laws of motion of the states grouped in sx =
{τx, τm, τcm, zx, q}.

The FONC for the previous problem is,

(1 − τx)qf
′

kx(zx, kx) = (1 + τm)(1 + τcm)r (2.11)

2.2.3 Non Tradable Sector

The profits of the representative firm are given by,

πn = pf(zn, kn) − (1 + τm)(1 + τcm)rkn (2.12)

where, zn is a productive shock and kn is the amount of sector-specific
capital demanded. The value function that summarizes the problem of the
representative firm is,

V (sn) = max
kn

{πn + βE[V (sn,+1 )]} (2.13)

s.t. the perceived laws of motion of the states grouped in sn =
{τm, τcm, p, zn}.

The FONC for the previous problem is,

pf ′

kn(zn, kn) = (1 + τm)(1 + τcm)r (2.14)

2.3 The Government

In the model proposed by Chumacero et al. an objective function for the
government is not specified, it is only assumed that it should satisfy the
following constraint,

g + F = τm[cm + i − f(zm, km)] + τcm
(1 + τm)(cm + i)+ (2.15)

τcn
cnp + (1 + τm)(1 + τcm

)τkrk

it is also assumed that the government uses a fraction κt of its total
expenditure in order to consume the non tradable good (n).
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2.4 Market Clearing

Define the production of the three sectors by,

yx = f(zx, kx) (2.16)

ym = f(zm, km)

yn = f(zn, kn)

then, the market clearing conditions are given by,

pyn =pcn + κg (2.17)

CA ≡ −(b+1 − b) =(1 − τx)qyx + ym− (2.18)

cm − (1 − κ)g − k+1 + (1 − δ)k − r̃b

where (2.17) determines the equilibrium in the non tradable goods mar-
ket, in which local private agents and the government demand, and (2.18)
describes the equilibrium in the importable goods market, where the current
account balance (CA) must be compensated by the capital account balance.

In the model proposed by Chumacero et al., in order to avoid modeling
the world credit market, they assume that the country faces an upward-
sloping supply schedule for debt.

r̃ = r̃(b) r̃′ > 0.

2.5 Competitive Equilibrium

A set of allocation rules is defined,

cm = Cm(s) (2.19)

cn = Cn(s)

k+1 = K(s)

b+1 = B(s)

a set of price functions,

r = R(s) (2.20)

p = P (s)

and the laws of motion of the exogenous state variables,

s+1 = S(s) (2.21)

such that they fulfill a series of conditions detailed in Chumacero et al.
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2.6 Functional Forms

Next the functional forms used for solving the model are presented, we also
show the parameters used by Chumacero et al., obtained by unconditional
calibration3.

2.6.1 Preferences

The following functional form is considered for the utility function of the
representative agent,

u(cm,t, cn,t) = θm ln cm,t + θn ln cn,t

where, θm, θn > 0 and θm + θn = 1.

2.6.2 Technology

The production function for the three sectors is assumed to be Cobb-Douglas,

f(zi,t, ki,t) = ezi,tkαi

i,t

where, αi is the compensation for capital (in terms of production) at
sector i (i = m, x, n). It is also assumed that productive shocks follow an
AR(1) process,

zi,t+1 = (1 − ρi)z̄i,t+1 + ρizi,t + vi,t+1 vi,t+1 ∽ N(0, σ2
i )

where productivity level changes are allowed for the shocks due to FTAs.

2.6.3 Fiscal Variables

The rule followed by government expenditures is,

ln gt+1 = (1 − ρg)ḡt+1 + ρg ln gt + vg,t+1 vg,t+1 ∽ N(0, σ2
g)

where changes in the level of government expenditure, due to the FTAs,
are allowed.

3For further details on this calibration, see Chumacero et al. (2004).
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2.6.4 Taxes and Tariffs

For every tax and tariff affected by the signing of the FTA, it is assumed
that they follow an AR(1) process. Initial and final levels are known, an
autoregressive process is used in order to smoothen the transition.

2.6.5 Exogenous Prices

The laws of motion assumed for the terms of trade (q) and debt interest rate
(r̃) are,

ln qt+1 = (1 − ρq)q̄ + ρq ln qt + vq,t+1 vq,t+1 ∽ N(0, σ2
q )

r̃t+1 = (1 − ρr̃)r̄t+1 + (1 − ρr̃)ϕ
bt

yt

+ ρr̃r̃t + vr̃,t+1 vr̃,t+1 ∽ N(0, σ2
r̃)

where, ϕ > 0 and r̄t+1 are set according to the terms of the treaties.

3 Estimation and Calibration of Parameters

In this section we describe the methodology used to estimate and calibrate
certain deep parameters of the model. These parameterizations later will be
used to simulate series from the aforementioned model.

As mentioned above, the sensitivity of the results obtained will be ana-
lyzed using three alternative parameterizations:

1. Unconditional Calibration (UC), the same set of parameters ob-
tained by Chumacero et al. (2004).

2. Generalized Method of Moments with Instrumental Variables
(GMMIV), proposed by Hansen and Singleton (1982) and used to
estimate the parameters of this non linear model.

3. EDF4 Calibration, also known as Effective Calibration, proposed by
Gallant (2001).

4Empirical Distribution Function.
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3.1 Data

All the data5 was obtained from the web site of the Central Bank of Chile. Ex-
cept for τcm, which was requested to the Internal Tax Administration Service
(SII in Spanish), and a series of tariffs taken from Chumacero and Fuentes
(2002). The period considered spans from 1970 to 2008 with real annual
data.

3.2 Unconditional Calibration (UC)

The parametrization obtained and used by Chumacero et al. is shown here.
This setup of parameters will be our benchmark for the simulations and
comparisons carried out in Section 4. According to the authors, θm and θn

are calibrated so as to reproduce the share of consumption on importables
and non tradables over total consumption in steady state, β is coherent with
an annual real interest rate of 3% (Table 1). The output-factor elasticities
(αi) were set to match the sectorial capital shares implicit in the Chilean
national accounts, the autoregressive coefficients (ρi) and volatilities of sec-
torial shocks (σi) were set to match the autocorrelation of output and adjust
the convergence speed towards steady state (Table 2).

3.3 GMMIV

In this part of the paper, we briefly present the methodology used and present
the results associated to the estimation of parameters by means of GMMIV.
This will become our second parametrization in the sensitivity analysis per-
formed on the baseline model.

3.3.1 Methodology

Following Hansen and Singleton (1982) we use the Euler equations obtained
from solving the households problem, by grouping them in the following
setup,

Eth(xt+n, b0) = 0

5The series used are, {cn, cm, τcn, τm, τcm, r̃, k, p, q}.
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Preferences
β = 0.97 θm = 0.243 θn = 0.757

Production Function
αx = 0.45 αm = 0.5 αn = 0.3 δ = 0.06

Technology Shocks
ρx = 0.9 σx = 0.01
ρm = 0.9 σm = 0.01
ρn = 0.9 σn = 0.01

Fiscal Variables
κ = 0.92 ρg = 0.8 σg = 0.03

Exogenous Prices
q = 0.25 ρq = 0.86 σq = 0.01
ϕ = 0.06 ρr̃ = 0.9 σr̃ = 0.001

Table 1: Deep Parameters: Unconditional calibration (UC)
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Before FTA After FTA

Local Taxes
τm = 0.039 τm = 0.02
τcm = 0.18 τcm = 0.1875
τcn = 0.18 τcn = 0.1875

Access to Markets
τx = 0.057 τx = 0.051

Property Rights
Protection

∆τcm = 0 ∆τcm = 0.007

Higher Administration
Costs

g = 1.75 g = 1.773

Increases in TFP
zx = 4.88 zx = 4.904
zm = 0.67 zm = 0.673
zn = 2.75 zn = 2.764

Country Risk
r = 0.01293 r = 0.00893

Table 2: Parameters associated to FTAs
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where,

h(xt+n, b0) =









1
p
− u′

cm

u′

cn

(1+τcn)
(1+τm)(1+τcm)

1 − βE
[

u′

cm,+1

u′

cm

(1+τm)(1+τcm)
(1+τm,+1)(1+τcm,+1)

(1 + r̃+1)
]

1 − βE
[

u′

cm,+1

u′

cm
[(1 − τk,+1)r+1 + 1 − δ]

]









(3.1)

where, xt+n is a k-dimension vector with realizations in period t+n, b0 is
an l-dimension vector of unknowns. Then, according Hansen and Singleton
(1982),

ut+n = h(xt+n, b0) (3.2)

this can be interpreted as the error term of a regression in which,

Et[ut+n] = 0

then, let zt be a q-dimension vector which contains instruments available
in the information set. We can define a function f as,

f(xt+n, zt, b) = h(xt+n, b) ⊗ zt (3.3)

where the dimension of f is r = m ∗ q, and ⊗ is the Kronecker product,
then it is direct that,

E[f(xt+n, zt, b)] = 0 (3.4)

with the r orthogonality conditions defined in (3.4) it is possible to obtain
a vector of parameters given that r ≥ l.

We use (3.4) to build an objective function which depends only on ob-
servable variables, defined as,

g0(b) = E[f(xt+n, zt, b)] (3.5)

then, the method of moments estimator of (3.5) is,

gT (b) =
1

T

T
∑

t=1

f(xt+n, zt, b) (3.6)
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however, the objective function proposed by Hansen and Singleton is
given by,

JT (b) = gT (b)′WT gT (b) (3.7)

where WT is a r ∗ r-dimension weighting matrix, symmetric and positive
definite. Matrix WT is an estimate of W0, the latter is defined as,

W ∗

0 = S−1
0

S0 =
n−1
∑

j=−n+1

E[f(xt+n, zt, b0)f(xt+n−j , zt−j, b0)
′]

and the corresponding variance covariance matrix is,

(D′

0W
∗

0 D0)
−1

D 0 = E

[

∂h

∂b
(xt+n, b0) ⊗ zt

]

Hansen and Singleton (1982) propose estimators for W0 and D0. However
the superiority of the results obtained by alternative estimation techniques,
e.g. Newey and West (1987; 1994) and Andrews and Monahan (1992) is
known. There is also a broad literature about the estimation of HAC6 matri-
ces. For this matter, we follow Andrews and Monahan (1992) who propose
the following steps:

1. The conditions obtained in (3.3) are pre-whitened by means of a VAR7

2. The VAR residuals are used to compute a standard HAC estimator
using kernels8

3. The estimator obtained for W0 is recolored with the parameters esti-
mated in the first step.

After computing the estimators for W0 and D0, we proceed to estimate
b in two steps. First, we obtain an estimator for W0 with a starting sub-
optimal identity weighting matrix. Second, this initial matrix is replaced by

6Heteroskedasticity and Autocorrelation Consistent.
7Vector Auto Regression.
8We alternatively used Quadratic Spectral and Parzen kernels, the results do not differ

significatively. In this paper we present those obtained with the latter option.

14



that computed according to Andrews and Monahan, obtaining ultimately an
estimator of b.

Given the data availability, the parameters included in this procedure are:

b = {θm, β, δ} (3.8)

3.3.2 Results

After exploring a wide array of different alternative combinations of instru-
ments9 (including lagged exogenous and endogenous variables), we obtained
estimates for the parameters in (3.8).

Table 3 shows some of the explored combinations of instruments. In all
cases (even those not shown here) we reject the null hypothesis of fulfillment
of over-identifying restrictions and, accordingly, reject the orthogonality be-
tween instruments and the “error” term given by (3.2). In short, the data
rejects the structural model.

When comparing the parameters estimated by GMMIV with those ob-
tained by Unconditional Calibration, we find that β is not considerably differ-
ent between methodologies. In the case of δ, the value obtained by GMMIV is
higher than 10% (in average), above the one calibrated by Chumacero et al.,
only comparable with their 6% in the particular case of the 9th set of instru-
ments (τm,−2, p−2, r−2). There are important differences in the estimation of
θm. The result obtained by GMMIV is more than three times higher than the
one corresponding to UC, this is found across all the different combinations
of instruments.

In order to facilitate the display of results, from here on we will show
only those obtained using GMMIV with the first combination of instruments
(τm,−1, p−1, r−1).

3.4 EDF Calibration

Here we briefly describe the methodology proposed by Gallant (2001) and
used in order to obtain certain deep parameters of the model described in
section 2. The resulting parametrization is also shown.

9Always including a constant among them, in order to assure that the Euler equations
are satisfied just as shown in (2.5).
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Instruments β θm δ J-stat Prob

1 τm,−1, p−1, r−1 0.978 0.973 0.103 25.774 0.002
(0.000) (0.002) (0.002)

2 τm,−2, p−1, r−1 0.977 0.998 0.119 22.139 0.008
(0.000) (0.002) (0.001)

3 τk,−1, p−1, r−1 0.975 0.882 0.144 70.843 0.000
(0.000) (0.005) (0.002)

4 τk,−1, p−1, r−1 0.978 0.987 0.119 31.221 0.000
(0.000) (0.005) (0.003)

5 τcm,−1, p−1, r−1 0.971 0.896 0.137 47.085 0.000
(0.001) (0.007) (0.003)

6 r̃−1, p−1, r−1 0.976 0.900 0.154 71.789 0.000
(0.000) (0.005) (0.002)

7 r̃−2, p−1, r−1 0.974 0.942 0.127 68.262 0.000
(0.000) (0.006) (0.002)

8 τm,−1, p−2, r−1 0.976 0.921 0.254 292.876 0.000
(0.000) (0.003) (0.001)

9 τm,−2, p−2, r−2 0.965 0.927 0.049 22.751 0.007
(0.000) (0.002) (0.001)

10 τm,−1, p−2, r−2 0.971 0.963 0.025 149.014 0.000
(0.000) (0.001) (0.001)

Table 3: GMMIV Estimation Results (standard errors in parenthesis)
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3.4.1 Methodology

Although data has rejected the model in the previous section (by definition
this is conditional on the available data set), nonetheless there are reasons
suggesting that it would be desirable to rely on a structural model. According
to Gallant some of these reasons arise beyond the scope of the available data.
In contrast with a reduced form model, which usually performs well in terms
of in-sample goodness of fit but not so well out of sample, internal consistency
could make structural models superior where there is no available data.

Methods based on specific moments are widely used and have intuitive
appeal however, according to Gallant suffer from three criticisms:

1. the moments that they rely on could easily not exist,

2. calibrations are not invariant to changes of scale of measurement in the
data,

3. calibrations are not objective because they are based on a researcher’s
individual preferences.

This criticism could be overcome if one matched to a collection of bounded
moments instead of a subjective selection made by the researcher. Oppositely
this should be done under an objective rationale invariant to changes in scale
of measurement. These considerations underlie the proposal of Gallant which
is based on step functions, defined as ru(y) = I(−∞,u](y), or equivalently,

ru(y) =

{

0 if y < u
1 ∽

,

where y ∈ ℜd and (−∞, u] is a rectangle in ℜd. Thus, the calibration
proposed implies choosing parameters in order to match the moments of
step functions for some values of u. The author states the equivalence of this
procedure to matching the empirical distribution of the data F̂n(u) to the
distribution implied by the model F (u|b0), where the latter can be obtained
by simulation. Matching simultaneously the whole collection {ru}u∈ℜd can
be achieved by minimizing ||F̂n(u) − F (u|b0)|| respect to some norm || � ||,
e.g. Euclidean. Given this, the calibration b̂0n (named EDF Calibration) is
the one that minimizes the sample objective function defined as,

sn(b0) =
1

n

n
∑

t=1

[F̂n(yt) − F (yt|b0)]
2. (3.9)
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As said before, EDF calibration has intuitive appeal when the struc-
tural model is rejected by the data (as in the case shown in Section 3.3.2).
Alternatively, when the structural model fits the data well there are other
options such as simulated maximum likelihood, efficient method of moments,
simulation based Bayesian methods, simulated method of moments, among
others10.

Minimizing (3.9) is not trivial, since sn(b0) is not a smooth function on
b0 due to the indicator functions in the definition of F̂n(yt) and F (yt|b0).
Solving this problem is even more complex if the simulation process adds
discontinuities or relies on discretizations (e.g. Markov chains). Having said
this, it turns out to be useful to smooth the distributions before the opti-
mization of (3.9) is carried out, then it is advisable to proceed recursively by
solving the smoothed problem and using this solution as the starting value
to solve the original problem (or the one smoothed on a lower degree).

The smoothing process suggested by Gallant is the quadratic squasher
from the neural net literature. Given the distribution function,

S(u) =
u2 + u|u|+ 2u + 2|u|+ 4

2u2 + 4|u|+ 8

the quadratic squasher approximates the logistic distribution and is less
costly in computing. Its scaled version is defined as,

Sσ(u) = S
(u

σ

)

(3.10)

where σ is the smoothing parameter, the function is symmetric in the
sense that Sσ(−u) = 1 − Sσ(u) and satisfies

lim
σ→0

Sσ(u) =







0 u < 0
1/2 u = 0

1 u > 0
.

Then, a smooth approximation to the empirical distribution F̂n(y) is

F̂σ,n(v) =
1

n

n
∑

t=1

d
∏

i=1

Sσ(vi − yit),

10For a complete survey of methods see Gallant (2001).
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by replacing this last expression into (3.9) the function to be minimized
can be obtained.

As said above, the optimization process is not direct. It involves a se-
quential procedure, solving each time a less-smoothed version of the original
problem. Each one of these sequences takes a considerable amount of com-
puter time given the granularities present in the data, leading to divergence in
some cases. In order to illustrate the sequence and the associated computing
costs, we present the optimization algorithm:

1. Compute the unconditional empirical distribution function for the ob-
served series11 {yit} with an initial smoothing parameter σ = 0.1.

2. Solve the model12 with an initial vector of parameters b0, obtaining an
estimate for the policy function.

3. Use the approximation to simulate series {yiS|b0} of length S (S = 1000
in this case) with a Cholesky covariance matrix for the shocks.

4. Compute the conditional EDF of the simulated series {yiS|b0}.

5. Calculate the norm between the EDFs obtained in steps (1) and (4).

6. Iterate on steps (1) to (5) until parameter convergence is achieved on
the norm13.

7. Iterate on steps (1) to (6) reducing the smoothing parameter, using
each time the previous vector of parameters found on convergence.
Eventually solve the original problem without smoothing.

3.4.2 Results

In this particular case the focus when estimating parameters using EDF cal-
ibration will be on real exchange rate (according to the current notation it
can also be expressed as 1/p), using it as {yit}. This choice is conditioned
by data availability and supported by the nature of this variable, being this

11In this paper we setup a univariate version, however, EDF permits multivariate cases
as well.

12In this particular case with a first order approximation.
13It took 72 hours for a PC processor of 2.4Mhz and 2Gb of RAM reaching to this point.

Following iterations with smaller smoothing parameters took 36 hours in average.
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a relative price which reflects the equilibrium between non tradable and im-
portable goods markets it can be understood as a variable that summarizes
the conditions which satisfy both goods and inputs markets. As said before,
this univariate case can be trivially turned into a multivariate one when the
required data is available.

Following the methodology outlined above, we can obtain the uncondi-
tional EDF for the actual RER data according to (3.10). In figure 1 we
show the EDFs with and without smoothing, the latter is achieved using the
quadratic squasher (dashed line in the figure).

Figure 1: Real exchange rate EDF with (σ = 0.01) and without (σ = 0)
smoothing

The vector of parameters b0 for EDF calibration contains twelve elements
and is given by,

b0 = {β, θm, δ, αm, αx, αn, ρm, ρx, ρn, σm, σx, σn},
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in order to minimize (3.9) we proceed sequentially as described before.
Simulations with the structural model are carried out with an initial vec-
tor of parameters b0 given by the unconditional calibration (UC) proposed
by Chumacero et al.. With this setup we simulate 1000 observations. We
begin smoothing the objective function with σ1 = 0.1, the resulting vector
of parameters obtained after convergence is b̂1. The latter is then used as
initial value to minimize the smoothed objective function with σ2 = 0.01,
the resulting vector of parameters is called b̂2, and so on. The results shown
here are those obtained using σ3 = 0.001, with which b̂3 was obtained.

In figure 2 we show the EDFs corresponding to actual RER data (smoothed
with σ3 = 0.001) and to artificial series simulated with the model described
in Section 2 evaluated at b̂3.

Figure 2: Real exchange rate simulated and actual EDFs, smoothed with
σ3 = 0.001

The vector of parameters estimated by EDF calibration (which underlie
the simulation shown in Figure 2) are shown in Table 4. We have also in-
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cluded columns EDF (σi) and EDF (σi, ρi) which are analogous to EDF in
methodological terms, their only difference being the vector of parameters
used in each case. Meanwhile the EDF column considers the whole vector of
parameters (including those related to preferences, depreciation rate, elastic-
ities, shock volatility and persistence), EDF (σi) and EDF (σi, ρi) estimate
a subset of this vector, the former only considers shock volatilities, while
the latter adds shock persistence. The remaining parameters are set equal
to those obtained by unconditional calibration (Chumacero et al.). This re-
stricted setup intends to isolate the effect of these parameters (σi and ρi)
on the fit achieved between unconditional and conditional empirical distri-
bution functions. Results show that when fixing most of the parameters to
their UC values, EDF estimated volatilities (σi) shown in columns named
EDF (σi) and EDF (σi, ρi) grow noticeably compared to those obtained un-
der unconstrained estimation. This suggests that UC (with smaller volatility
coefficients) should fit poorly the unconditional EDF of real exchange rate
(we carry out this exercise below).

In the last two rows of Table 4 we included the J statistic and the p-
value corresponding to the over-identification null hypothesis. As reported
before by the GMMIV results in Table 3, the model is rejected by the data
under the GMMIV parametrization, as expected the same happens with UC
and EDF parameterizations. When evaluating the moments in (3.1) at the
parameters obtained with both approaches we obtain J-statistics larger than
those associated to GMMIV, this is expected since by definition the method
of moments delivers the vector of parameters that minimizes this particular
metric.

On the other hand, when using these alternative parameterizations on
Table 4 to solve the model, simulate RER series and compute the corre-
sponding empirical distribution functions, we obtain further support to our
previous finding. In Figure 3 it can be clearly seen how those EDFs com-
puted using parameters from UC and GMMIV are notoriously different from
both Effective Calibration (EDF Calibration) and actual data in Figure 2.

In Table 5 we present some stylized facts for both actual and simulated
RER under different parameterizations. RER series have been previously
normalized with their unconditional mean, hence in the first row they all have
mean equal to one. Regarding standard deviation, EDF associated parame-
terizations are closer to actual data than the other approaches, in particular,
RER series simulated from GMMIV results exhibit larger volatility (more
than twice) than the actual data. This pattern repeats itself when compar-
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Parameter UC GMMIV EDF EDF (σi) EDF (σi, ρi)

β 0.97 0.97 0.99
θm 0.24 0.98 0.27
αm 0.50 0.42
αx 0.45 0.44
αn 0.30 0.35
δ 0.06 0.10 0.15

ρm 0.90 0.99 0.97
ρx 0.90 0.84 0.94
ρn 0.90 0.98 0.96
σm 0.01 0.31 2.62 2.90
σx 0.01 0.07 0.93 0.87
σn 0.01 0.11 1.78 1.32

J − stat 6601.15 25.77 9586.34
Prob 0.000 0.002 0.000

Table 4: Summary of parameters

ing skewness and kurtosis, EDF derived results show the smallest distance to
actual data and GMMIV the largest, followed by UC. However, in all cases
the null hypothesis of normality (Jarque-Bera test) is rejected. First RER
autocorrelation is closely replicated by EDF and EDF(σi, ρi), at a slightly
higher distance by EDF(σi), this is not surprising since in this approach ρ
was restricted to be equal to UC obtained value. Finally, quadratic norm is
minimized (|| � ||) by definition under EDF, closely followed by its restricted
versions (EDF(σi, ρi) and EDF(σi)) and further by UC and GMMIV in that
order.

In summary, EDF derived parameterizations outperform the alternative
approaches under the quadratic norm metric because they are supposed to
do so (have been defined to minimize this distance). Accordingly, GMMIV
beats all the alternatives when it comes to the J-statistic.

4 Results Comparison

Beyond methodological differences and the expected result of each parametriza-
tion “defeating” the others in its own “battleground”, the focus of this sec-
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Figure 3: Distribution functions comparison under alternative parameteriza-
tions
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Actual UC GMMIV EDF EDF (σi) EDF (σi, ρi)

Mean 1.000 1.000 1.000 1.000 1.000 1.000
Median 0.998 0.986 0.983 1.000 0.996 1.003
Max 1.210 1.748 1.931 1.264 1.356 1.287
Min 0.786 0.571 0.438 0.746 0.737 0.706
S.D. 0.104 0.194 0.238 0.107 0.111 0.108
Skewness -0.097 0.522 0.631 -0.090 0.303 -0.169
Prob : S = 0 0.506 0.000 0.000 0.244 0.000 0.029
Kurtosis 2.296 3.336 3.550 2.495 3.091 2.718
Prob : K = 3 0.016 0.030 0.000 0.001 0.558 0.069
J.B. 6.267 50.071 79.043 11.990 15.683 8.104
Prob 0.044 0.000 0.000 0.002 0.000 0.017
γ1 0.981 0.906 0.803 0.947 0.909 0.948
|| � || 1.0e-2 1.6e-2 5.5e-5 3.4e-4 9.7e-5

Table 5: RER stylized facts under alternative parameterizations

tion is on analyzing the implications that alternative approaches, regarding
calibration or estimation, have on resulting long term equilibrium.

Depending on wether or not the equilibrium results are sensitive (and
to which extent) to different parameterizations the choice between method-
ologies can turn into a relevant issue or be subject just to the researcher’s
preferences.

As discussed above, given the intractability of an analytical resolution,
we proceed with a first order perturbation approximation as proposed by
Schmitt-Grohé and Uribe (2001) in order to obtain the policy function and
compute equilibria before and after the free trade agreements signature.

As our benchmark, in Table 6 we reproduce the long term equilibrium
results obtained by Chumacero et al. in their Table 3, these are equivalent to
those associated to UC approach in this paper and correspond to differential
effects comparing equilibria after/before FTAs. Each row in Table 6 shows
a different variable affected by the FTAs, last row corresponds to welfare
compensation (expressed in terms of importable and non tradable goods)
which should be given to the agents in order to leave them indifferent between
their situation before and after the treaties. Each column contains the results
to six exercises, first ∆τm is the effect on the row variables of lower tariffs
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in Chile, ∆τx is the effect of a tariff reduction applied by the US and EU,
∆V AT is an increase on value added tax required in order to compensate for
lower tariffs, ∆τcm

is the tax response to lowering piracy, ∆g is an increase
in customs administration costs and ∆TFP is an increase in total factor
productivity. The last column on the right contains the combined effect of
all the previous exercises.

According to UC parametrization, the FTAs imply an increase slightly
over 1% of real product (Y ). In general, treaties are welfare improving,
associated to an increase in consumption of both importable (cm) and non
tradable (cn) goods. Exportable (Yx) and non tradable (Yn) goods production
increases in line with lower tariffs and higher TFP , as importable goods
production (Ym) drops because of higher taxes. Moreover, real exchange
rate (1/p) slightly appreciates, 0.16%. The largest effect is identified on real
imports (M), which grow around 3% in the long term mainly due to lower
tariffs.

Var. ∆τm ∆τx ∆V AT ∆τcm
∆g ∆TFP Combined

cm 0.75 0.87 -0.24 -0.39 -0.13 1.04 1.91
cn 0.09 0.36 -0.29 -0.10 -0.21 0.93 0.80
Yx 1.52 0.52 -0.52 -0.48 0.00 0.91 1.96
Ym 0.00 0.00 -0.63 -0.59 0.00 1.00 -0.22
Yn 0.28 0.22 -0.25 -0.13 0.03 0.76 0.91
p -1.18 0.50 0.05 0.29 0.08 0.10 -0.16
F -0.54 0.11 0.61 0.21 -0.18 0.13 0.34
M 1.60 1.18 -0.53 -0.50 0.00 0.91 2.67
C 0.25 0.48 -0.28 -0.17 -0.19 0.96 1.06
Y 0.53 0.26 -0.35 -0.26 0.02 0.82 1.02

TU 0.25 0.48 -0.28 -0.17 -0.19 0.95 1.06

Table 6: Long term equilibrium comparison results: UC parametrization
(Chumacero et al.), percentage points over scenario before FTAs

In Tables 7 and 8 we compare the long term results obtained under dif-
ferent parameterizations, the figures are expressed as differences respect to
our benchmark approach (UC in Table 6). Starting with Table 7, which
compares GMMIV with UC, regarding total production (Y ) there is a larger
effect on real product of 0.18 percentage point over the UC benchmark (i.e.
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under GMMIV parametrization, real product increases 1.2% due to FTAs,
instead of 1.02% as stated in Table 6). This is similar to the results obtained
in Table 8 when comparing EDF with UC, in this case real product would
increase 1.22% in the long run due to the treaties.

Var. ∆τm ∆τx ∆V AT ∆τcm
∆g ∆TFP Combined

cm -0.14 0.08 -0.12 0.06 -0.09 0.06 -0.16
cn -0.74 0.56 -0.25 0.16 -0.88 0.65 -0.53
Yx 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ym 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yn 0.26 -0.21 0.06 -0.05 0.34 -0.25 0.16
p 0.60 -0.48 0.13 -0.11 0.80 -0.57 0.37
F -0.25 0.13 -0.26 0.11 -0.20 0.15 -0.35
M -0.06 -0.01 0.01 0.02 0.00 0.00 -0.05
C 0.34 0.46 -0.09 -0.16 -0.05 0.15 0.65
Y 0.35 -0.02 -0.09 -0.15 0.10 -0.02 0.18

TU 0.33 0.45 -0.09 -0.16 -0.05 0.15 0.63

Table 7: Long term equilibrium comparison results: differences between
GMMIV-UC, percentage points over scenario before FTAs

Although we find similar results in production between our alternative ap-
proaches, there are composition discrepancies. The larger increase of product
under GMMIV is mainly due to a setup in which the agents’ consumption
is more intensive on importable goods (θm is more than three times larger
in GMMIV than UC), hence the reduction of tariffs has a larger impact on
product using the GMMIV parametrization. Unlike the previous case, under
the EDF setup it is not so easy associating the difference to a single effect, the
discrepancy regarding product is more homogeneous across all six exercises
shown in the different columns.

Regarding consumption our results show less coincidences between ap-
proaches, according to GMMIV aggregate consumption (C) increases over
1.7% in the long term after the FTAs, almost twice that of UC and EDF. In
terms of relative prices, GMMIV suggests a real depreciation meanwhile UC
and EDF both point in the other direction (RER appreciation). Finally, UC
and EDF coincide respect to welfare effects indicating that the FTAs would
increase welfare over 1%, GMMIV suggests that the treaties have a larger
effect on total utility, closer to 2%.
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Var. ∆τm ∆τx ∆V AT ∆τcm
∆g ∆TFP Combined

cm -1.75 0.34 0.92 0.73 -0.46 0.25 0.06
cm -1.22 0.39 0.49 0.47 -0.52 0.37 0.00
Yx -0.07 -0.02 0.02 0.02 0.00 -0.02 -0.07
Ym 0.00 0.00 0.17 0.15 0.00 -0.13 0.19
Yn -0.21 0.03 0.16 0.11 0.04 0.00 0.14
p -0.52 -0.05 0.43 0.27 0.06 -0.12 0.06
F -0.44 0.09 -0.02 0.17 -0.13 0.08 -0.25
M -0.23 -0.06 0.05 0.06 0.01 -0.02 -0.19
C -1.35 0.39 0.61 0.53 -0.50 0.34 0.05
Y 0.07 0.05 0.05 0.01 0.01 0.01 0.20

TU -1.36 0.38 0.61 0.53 -0.50 0.33 0.05

Table 8: Long term equilibrium comparison results: differences between
EDF-UC, percentage points over scenario before FTAs

5 Conclusions

In this paper we attempt to shed light on one of the currently open research
avenues in DSGE models literature, the one that relates with how to deter-
mine the value of parameters that define preferences and technology (also
known as deep parameters).

Among many choices often faced by researchers, there is one related to
which methodology to employ to obtain the parameters needed to solve and
simulate structural or reduced-form models. There is available a wide array
of alternative methods to accomplish this task, each one with weaknesses and
strengths, each one satisfying different objectives.

Our findings obtained from comparisons between different parameteriza-
tions, derived from alternative approaches, indicate that the composition of
effects associated to implementation of FTAs is not neutral to this choice.
The differences found between long term equilibria are to a great extent
related to discrepancies in use and consumption elasticities resulting from
different methodologies. However, results coincide in many cases regarding
aggregate effects on certain variables of interest, and they all suggest that
FTAs are welfare improving, independent of the chosen approach.
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Coeymans, J. and F. Larráın (1994). Efectos de un acuerdo de libre comercio
entre chile y estados unidos: Un enfoque de equilibrio general. Cuadernos
de Economı́a 94 (31), 357–399.

Fernandez-Villaverde, J. and J. F. Rubio-Ramirez (2006, Nov.). The research
agenda: Jesus fernandez-villaverde and juan f. rubio-ramirez on estimating
dsge models. Economic Dynamics Newsletter 8 (1), note.

Gallant, A. R. (2001). Effective calibration. Working paper, Department of
Economics, University of North Carolina.

Hansen, L. P. and K. J. Singleton (1982, Sep.). Generalized instrumental
variables estimation of nonlinear rational expectations models. Economet-
rica 50 (5), 1269–86.

Harrison, G. W., T. F. Rutherford, and D. G. Tarr (1997). Trade policy
options for chile: a quantitative evaluation. Policy Research Working Paper
Series 1783, The World Bank.

29



Harrison, G. W., T. F. Rutherford, and D. G. Tarr (2001). Chile’s regional
arrangements and the free trade agreement of the americas : the impor-
tance of market access. Policy Research Working Paper Series 2634, The
World Bank.

Hinojosa-Ojeda, R., J. Lewis, and S. Robinson (1997). Convergence and
divergence between nafta, chile and mercosur: Overcoming dilemmas of
north and south american economic integration. Technical report, Inter-
American Development Bank.

Newey, W. K. and K. D. West (1987, May.). A simple, positive semi-
definite, heteroskedasticity and autocorrelation consistent covariance ma-
trix. Econometrica 55 (3), 703–08.

Newey, W. K. and K. D. West (1994, Oct.). Automatic lag selection in
covariance matrix estimation. Review of Economic Studies 61 (4), 631–53.
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