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How important are nontradable goods and distribution costs to explain
real exchange rate dynamics? We answer this question by estimating a gen-
eral equilibrium model with intermediate and final tradable and nontrad-
able goods. We obtain reasonable estimated parameter values using Bayesian
methods, and find that the estimated model can match real exchange rate per-
sistence and, to less extent, volatility. Nontradable sector technology shocks
explain about one third of real exchange rate volatility. We present impulse
responses to better understand the transmission mechanism of shocks in the
open economy. We also show that in order to explain the low correlation
between the ratio of relative consumption and the real exchange rates across
countries, fiscal policy shocks are necessary in the model, in addition to tech-
nology shocks.
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Nontradable Goods and The Real Exchange Rate

1 Introduction

A main challenge in the empirical international macroeconomics literature is the so
called “real exchange rate disconnect”: models with optimizing agents have diffi-
culty in accounting for the behavior of the real exchange rate. A related problem
is that these models are not able to explain key correlations between the real ex-
change rate and other macroeconomic variables, nor are they able to capture the
comovement between key macroeconomic variables across countries. In this paper,
we investigate which modeling assumptions are more likely to help us explain the
behavior of the real exchange rate between the United States and the Euro Area.
In particular, we focus on the role of nontradable goods and distribution services.
After estimating the model and obtaining reasonable parameter values, we proceed
to answer key questions in the literature: what drives real exchange rate fluctua-
tions? How do productivity and fiscal shocks transmit internationally, and how do

they affect, relative consumptions and the current account?

Our starting point to answer these questions is a two-country (USA-euro area),
two-sector (tradable-nontradable) dynamic stochastic general equilibrium (DSGE)
model with nominal rigidities, of the class that is now becoming mainstream in acad-
emic circles and policy institutions for macroeconomic analysis. The model includes
nontradable goods because, since the work of Stockman and Tesar (1995), several
authors, including Betts and Kehoe (2006) and Burstein, Eichenbaum and Rebelo
(2005), have highlighted the importance in the fluctuation of the relative price of
nontradable goods across countries to account for real exchange rate fluctuations.
These papers find that between one third and one half of real exchange variance
is explained by fluctuations in the relative price of nontradable goods to tradable

goods.

Since our analysis is mainly empirical and model-based, we estimate two versions
of this model: in the first one, the two sectors (tradable and nontradable) produce
final consumption goods. In the second one, we introduce a nontradable intermediate

input that is incorporated in the production of the final tradable good. In this second

! There is now a growing literature on this issue both empirical and theoretical. Empirical papers
that have estimated fully specified general equilibrium international macroeconomic models include
Rabanal and Tuesta (2006), Lubik and Schorfheide (2005), Adolfson et al. (2007), Justiniano and
Preston (2006), Cristadoro et al. (2007), and de Walque, Smets and Wouters (2006). On the
theoretical side, important recent contributions that have tried to improve international macro
models include Benigno and Thoenissen (2006), Dotsey and Duarte (2007) and Corsetti, Dedola,
and Leduc (2007).
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case, the idea is to capture the role of distribution costs in helping explain features
of international macroeconomics, as suggested by Corsetti, Dedola and Leduc (2007)
and Dotsey and Duarte (2007). Our methodology consists in estimating each model
using a Bayesian approach and eleven macroeconomic series, including both the PPI
and the CPI for the United States and the Euro Area. PPI inflation allows us to
capture inflation in the tradable goods sector of the economy, and unlike the “goods”

component of the CPI, should not include distribution costs.

Our results can be summarized as follows. First, the model parameter estimates are
quite similar to what has been estimated or calibrated in the vast existing literature.
Therefore, our likelihood-based method does not rely on implausible parameter val-
ues for structural coefficients such as the degree of nominal rigidity, the degree of
backward looking behavior in inflation or consumption, the monetary policy rules in
both countries, and the size and persistence of economic shocks to explain the data.
Second, we find that the version of the model without distribution costs performs
better than the version with distribution costs. Since the model already includes
several nominal and real rigidities, the addition of distribution costs does not help
in explaining the data better, and, in fact, model fit is worse in some dimensions,
including real exchange rate persistence. Third, our variance decomposition exercise
(using the preferred model) shows that the nontradable sector in the model does in-
deed help to explain real exchange rate fluctuations: nontradable sector technology
shocks explain as much as 30 percent of the fluctuation of the bilateral real exchange
rate, while tradable sector technology shocks and monetary policy shocks together
explain less than 2 percent. Fiscal policy shocks explain a great amount of real

exchange rate fluctuations (45 percent).

Finally, our estimated model allows us to draw important implications for the be-
havior of the real exchange rate, the terms of trade and the trade balance. The
relative price of domestic tradables decreases under a tradable sector technology
shock, which is consistent with the traditional Balassa-Samuelson effect. With a
productivity improvement in either the tradable and nontradable sectors, relative
output, consumption and net exports increase. Finally, following a productivity
shock in either sector, domestic prices decrease, and consequently the real exchange
rate depreciates. This latter finding is in stark contradiction with the results re-
ported by Corsetti, Dedola and Leduc (CDL, 2006). These authors find that the
tradable sector productivity shocks are able to explain the apparent lack of risk

sharing across countries (negative correlation between relative consumptions and
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the real exchange rate). Instead, our estimated model generates, conditional on a
tradable sector productivity shock, a real exchange rate depreciation and an increase
in the ratio of relative consumptions. Therefore, it is fiscal shocks that help explain
the negative correlation between the real exchange rate and relative consumptions

observed in the data.

The rest of the paper is organized as follows. In section 2, we present the model that
we estimate. In section 3 we discuss the data, and the prior and posterior distribution
of the model’s parameters. In sections 4 and 5 we discuss the implications of the
estimated model for real exchange rate behavior and the transmission mechanism in
open economies. In section 6 we discuss the estimation of a model that incorporates

distribution services, while section 7 concludes.

2 The Model

In this section, we present the model that we use for analyzing real exchange rate dy-
namics and the international transmission of shocks. The model is a fairly standard
international macro two-country, two-sector (tradable and nontradable) economy, in
the spirit of Stockman and Tesar (1995) and Benigno and Thoenissen (2006). The
model includes sticky prices in both sectors, and it assumes that monetary policy
is conducted with an interest rate rule of the Taylor type. Based on the arguments
by Benigno and Thoenissen (2006) and on the empirical results of Rabanal and
Tuesta (2006), we only explore the possibility that there are incomplete markets
at the international level. Finally, we assume that the law of one price holds and

intermediate firms set prices in their own currency.?

Since our contribution is to estimate this model using Bayesian methods and eleven
observable variables, in this section we briefly present its main assumptions, para-
meters and functional forms, and refer the reader to the Appendix for a full-blown
version of the model. In the last section of the paper, we study the effects of intro-
ducing a distribution sector in the model. We do so by following Dotsey and Duarte

(2006) and assume that the production function of final tradable goods includes

?Dotsey and Duarte (2007) show that alternative assumptions regarding pricing decisions of
firms, namely producer currency pricing (PCP) and local currency pricing (LCP), are not so
different for the real exchange rate dynamics. Rabanal and Tuesta (2006) find empirical evidence,
estimating a DSGE model with Bayesian methods, that a model with PCP helps fitting the data
better than a model with LCP when looking at euro-dollar real exchange rate dynamics.
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a portion of nontradable inputs. Finally, to keep the exposition of the model at
its minimum, we only present the equations for households and firms in the home
country. The expressions for the foreign country are analogous, and obtaining them

is straightforward, with the appropriate change of notation.?

Households Households in the home country are assumed to maximize the fol-

lowing utility function:

U, = B {i B, [log (Cy—bCyy) Ltw] } , )

t=0 I+

subject to the following budget constraint:

By S:Bf B, 8B, W
+ < + + —L, — C, +11I 2
PRy P.R® (%@F> I P P, ! ! ! @)

Ey denotes the conditional expectation on information available at date t = 0, 3 is
the intertemporal discount factor, with 0 < 5 < 1. C; denotes the level of aggregate
consumption in period t, L; denotes labor supply. The utility function displays
external habit formation. b € [0,1] denotes the importance of the habit stock,
which is last period’s aggregate consumption. ¢ > 0 is inverse elasticity of labor
supply with respect to the real wage. v, is a preference shock that follows an AR(1)

process in logs

log ¥, = pylog,_y + e} (3)

In the budget constraint, W; is the nominal wage, P, is the consumer price index,
and II; are real profits for the home consumer. For modelling simplicity, we choose
to model incomplete markets at the international level with two risk-free one-period
nominal bonds denominated in domestic and foreign currency, and a cost of bond
holdings is introduced to achieve stationarity. B}’ is the holding of the risk free
domestic nominal bond and B is the holding of the foreign risk-free nominal bond
expressed in foreign country currency. S; is the nominal exchange rate, expressed
in units of home country currency per unit of foreign country currency. R; and R}

are the nominal interest rates in the home and foreign countries. The function @ (.)

3The convention will be to use an asterisk to denote the counterpart in the foreign country of
a variable in the home country (i.e. if aggregate consumption is C' in the home country, it will be
C* in the foreign country and so on. The same applies to the model’s parameters. When there is
potential for confusion we explictly clarify so.
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depends on the net liability position (i.e. the negative net foreign asset position) of
the home country in percent of GDP in the entire economy, and is taken as given
by the domestic household. @ (.) is a convex function that introduces the cost of
undertaking positions in the international asset market, and allows to have a well-
defined steady-state. In addition, it is assumed that ® (0) = 1 and that ®(.) is a
decreasing function in the neighborhood of zero. Also, while we do not make it
explicit in the budget constraint (2), we assume that there are complete markets at
the domestic level, such that the consumption/savings decision is the same among
households in a country, and the stochastic discount factor to value future profits is

also the same among households in a country.
The aggregate consumption index (C;) is a composite of final tradable (C7) and
final non-tradable (C}V) consumption goods. We define the consumption index as

€

Co= (€T + (=) () 7] (4)

where ¢ is elasticity of substitution between the final tradable (C}) and final non-
tradable (CY) goods, and 1, is the share of final tradable goods in the consumption
basket at home. In this context, the consumer price index that corresponds to the

previous specification is given by

1
1—e

P = ['yc (PtT)kE +(1—7.) (PtN)lie} ; (5)

where all prices are for goods sold in the home country, in home currency and at

the consumer level, for both tradable and nontradable goods.

Demands for the final tradable and nontradable goods are given by:

PT — PN —€
Cl =+, (ﬁ) Cy, and CY = (1 —~,) (P%t) Ct. (6)

while consumption/savings decisions in home and foreign bonds are standard:

P,
Ay = 5Et {Rtpt /\t+1} (7)
t+1
Sy Bf Q11
AN = @ E, < Rf——\ 8
= o () om et 0
where A\, = ct—qﬁa,l is the marginal utility of consumption, and Q); = StTIjt* is the
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real exchange rate. Labor supply is:

Wt
.
At P Li (9)

Firms There are three sectors in each country: (i) a final goods producer sector,
that produces final tradable and nontradable goods for consumption by domestic
households, (ii) an intermediate tradable goods sector, that produces goods that can
be traded internationally to final tradable goods producers either at home or abroad,
and (iii) an intermediate nontradable goods sector, that sells its production to final
nontradable goods producers. We assume that the final goods producers operate
under flexible prices and perfect competition, while intermediate goods producers
operate under sticky prices & la Calvo with partial indexation, and monopolistic

competition.

Final Goods Producers The final tradable good is consumed by domestic house-
holds. This good is produced by a continuum of firms, each producing the same
variety, labelled by Y,”, using intermediate home (Xth) and foreign (th ) goods
with the following technology:

6—1 g

0—1 =13 9-1
vr = e )T - () 7

where 0 is the elasticity of substitution between home-produced and foreign-produced
imported intermediate goods. X and th denote the amount of home and foreign
intermediate tradable inputs to produce the final tradable good at home, are also
Dixit-Stiglitz aggregators of all types of home and foreign final goods, with elasticity

of substitution o. :

g _ g _
o—1 o—1

h Y on "al} f:[lf ‘751]
Xt_[/OXt(h) dh ,andXt_/OXt(f) df

Optimizing conditions by final tradable goods producers deliver the following de-

mand functions:

h —0 hN\ —f f -7 f -0
Xt = () () ¥ and X0 = () (Z—@) (%) V7
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where

1—0o

. Pl = [ / 1 PJ(f)l—"df} E.

0

Pl = { /0 1 ﬂh(h)l‘”dh]

and, hence the price index of tradable goods is given by:

~ 16119
P = {vx (P + (1 =7,) (F) ]
We assume that the law of one price holds for intermediate inputs, such that P/*(h) =
P/ ()S;, and F/(f) = P (f)S..
The production of the final nontradable good is given by:

o—1

vy = {/lez%n)”oldn}

where we assume the same elasticity o > 1 than in the case of final tradable goods

produced within the home country. The price level for nontradables is

1

[y

Intermediate Goods Producers The structure of intermediate goods produc-

PtN

ers in the two sectors is very similar. The main difference is that the intermediate
non-tradable sector produces differentiated goods that are aggregated by final non-
tradable good producing firms, and ultimately used for final consumption by domes-
tic households only, while the intermediate tradable sector produces differentiated

goods that can be sold to home and foreign final tradable good producers.

The production function in both sectors is linear in the labor input and has two

technology shocks:

YN (n) = A ZN LY (n), for n € [0,1], and V" (h) = A, Z!L(h), for h € [0,1]
(10)
where A; is a labor augmenting aggregate world technology shock which has a unit
root with drift:
log Ay =g+ log Ai1 + &} (11)

Hence, real variables in both countries grow at a rate g. Z" and Z!' are country-

specific, stationary productivity shocks to the nontradable and the tradable sector
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at time ¢, which evolve according to an AR(1) process in logs

log Z = (1—p™) log(Z™)+p?N log ZN ,+e2N, and log Z!' = (1—p")log(Z")+p?" log Z! |+
(12)

Firms in both sectors face a Calvo lottery with partial indexation when setting their

prices. In the non-tradable sector in each period, with probability 1 — ay, firms

receive a stochastic signal that allows them to reset prices optimally. We assume that

there is partial indexation with a coefficient ¢, to last period’s sectorial inflation

rate for those firms that do not get to reset prices optimally. As a result, firms

maximize the following profits function:

N Pka 1 N
— i Fi (n)( ;:]YI ) N N.d
MathN(n)EtZaNAt,t-O—k Prok = MGy | Yiiy (n) (13)
k=0
subject to
pY PN\
e = | () ()] v (14)
Pl Py

where YtN’d (n) is total individual demand for a given type of nontradable good n,
and Y,V is aggregate demand for nontradable goods, as defined above, and Ay ;1 =
ﬁk)‘f\—t’“ is the stochastic discount factor. M CY corresponds to the real marginal cost
in the non-tradable sector. From cost minimization:

Wi

MCY = ——x— 15
Y RZNA (15)
The evolution of the price level of nontradables is
l—0o ~ l1—-0o %0
P = {aw [P (1) ™'+ (1= o) () a9)
N
where TIY |, = ?,; L. Similar expressions hold for the intermediate tradable sector,
t—2

where the relevant parameters for price setting are oy, and ¢, and with the appro-
priate change of notation in (13), (14), (15), and (16), and similar expressions hold

for the foreign country.

Closing the Model The model includes government spending that is financed
by lump-sum taxation. We assume that government spending is allocated between

tradable and nontradable goods in the same way that private consumption is. Hence
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the market clearing conditions for both types of final goods, consisting of private

consumption and government spending, are:
v =cCf +Gf (17)

Y=+ G (18)

where GV, GT follow AR(1) processes in logs. For the nontradable intermediate

goods, the market clearing condition is:
YN (n) = XN(n), for all n € [0,1]
while for the intermediate tradable goods sector it is:
V" (h) = XM(h) + X" (R), for all h € [0,1]

Monetary policy is conducted with a Taylor rule that targets CPI inflation and

output growth deviation from steady-state values:

_ P P, (17p7‘)’77'r Y Yﬁ (lfpr)’}'y
Rt - R(l_pT)Rfil (%) (%) eXp(ez) (19)
9

3 Data, Priors and Posterior Distributions

We use Bayesian methods to estimate the model of the previous section. Bayesian
estimation of DSGE models has now become very popular, so we leave the technical
details and a discussion of its benefits aside. We use the following data series
for each country: per capita output growth, per capita consumption growth, CPI
inflation, interest rates on 3-month T-Bills, and PPI inflation for finished industrial
goods. CPI inflation is used as a measure of overall inflation, while PPI inflation
tries to measure the inflation in the tradable sector of the economy. Several authors
(Engel, 1999; Betts and Kehoe, 2006) have emphasized that using the “goods”
component of the CPI might not be a good proxy for tradable goods because it
contains distribution and retail services that are nontradable. We assume that the

home country is the euro area, and the foreign country is the USA. The last series

*See An and Schorheide (2006), Lubik and Schorfheide (2005), and Ferndndez-Villaverde and
Rubio-Ramirez (2004) for detailed explanations on how to implement a Bayesian approach to
estimation of fully-specified dynamic stochastic general equilibrium models.
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we use in the estimation procedure is the bilateral real exchange rate between the
euro and the US dollar, in euros per US dollar. We multiply it by the US CPI,
and divide it by the euro area CPI. Hence an increase of the real exchange rate
is a depreciation. These 11 variables are our set of observable variables in the
likelihood function, {xt}thl. The sample period goes from 1985:02 to 2004:04. We
are constrained by the availability of the PPI series for finished industrial goods in

the euro area, since all other variables are available from earlier periods.

We take a linear approximation to the model’s equilibrium conditions, where real
variables have been normalized by the level of labor augmenting aggregate world
technology process (A;) to make them stationary. For a given set of parameters of
the model ©, we find the law of motion of the system in state-space form. Then, for
a given set of observable variables of length T, {xt}thl, where the dimension of z; is
less or equal to the number of shocks in the model, we can evaluate the likelihood
function of the data conditional on the parameters and the model, that we denote
by L({a:t}thl |©), using standard Kalman filter formulae (see Ireland, 2004). Finally,
by specifying prior distributions over the model’s parameters, P(0), we can obtain
the posterior distribution of the model’s parameters, which is proportional to the

product L({z;};_, |©)P(8), applying the Metropolis-Hastings algorithm.

Before we proceed to describe the prior and posterior distribution of the model’s
parameters, we first discuss what parameters we calibrate. We follow Dotsey and
Duarte (2007) closely, and calibrate the two economies with the same parameters.
We set the share of tradable goods in the CPI to v, = 0.44. We set the fraction of
intermediate tradable inputs in the production of final tradable goods to v, = 0.6.
Since we are not using labor market data we calibrate the value of ¢ = 1, which
is in line with parameter estimates obtained by Rabanal and Rubio-Ramirez (2005,
2007). We set the steady-state growth rate of the economy, g, equal to 0.5 percent,
which implies that the world growth rate of per capita variables is about 2 percent
per year. In order to match a real interest rate in the steady state of about 4 percent
per year, we set the discount factor to 5 = 0.995. For reasonable parameterizations
of these two variables the parameter estimates do not change significantly. Finally,
the parameter y, that measures the elasticity of the risk premium with respect to
the net foreign asset position, is set equal to 0.007 based on Rabanal and Tuesta
(2006).

With the previous parameters fixed in advance, Table 1 presents the prior and
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posterior distributions for the model’s remaining parameters. In order to make the

table more readable, we also include a brief description of each parameter.

Table 1: Prior and Posterior Distributions

Prior Posterior

Distr. Mean St.Dev | Mean Lower Upper
Habit formation
b EMU Beta 0.70  0.05 | 0.57 0.51 0.64
b* USA Beta 0.70  0.05 | 0.58 0.52 0.64
Elasticities of substitution
0 Home and foreign tradable int. goods | Normal  1.50 0.25 0.85  0.85 0.85
€ Tradable and nontradable final goods | Gamma  1.00 0.25 0.13  0.09 0.18
Calvo parameters
ap  Tradable int. goods EMU Beta 0.50 020 | 0.73 0.66 0.80
ay-  Tradable int. goods USA Beta 0.50 020 | 048 0.38 0.59
ay  Nontradable int. goods EMU Beta 0.50 0.20 0.10 0.03  0.17
an+ Nontradable int. goods USA Beta 0.50 0.20 0.40 0.34 0.46
Indexation parameters
¢, Tradable int. goods EMU Beta 0.50 020 | 0.30 0.07 0.51
@« Tradable int. goods USA Beta 0.50 020 | 021 001 041
¢y  Nontradable int. goods EMU Beta 0.50 020 | 0.39 0.08 0.69
¢@n- Nontradable int. goods USA Beta 0.50 020 | 0.06 001 0.10
Taylor rule coefficients
Py Interest rate smoothing EMU Uniform  0.50 0.29 0.76 0.71 0.82
py~  Interest rate smoothing USA Uniform 050 029 | 0.88 0.85 0.90
v,  Response to inflation, EMU Normal 150 025 | 2.72 246 2098
Y.« Response to inflation, USA Normal  1.50 0.25 2.05 1.73 2.34
Yy Response to growth, EMU Normal  1.00 0.25 0.56  0.40 0.71
7y~  Response to growth, USA Normal  1.00 0.25 0.91 0.68 1.15

P. Rabanal and V. Tuesta
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Table 1 (concluded): Prior and Posterior Distributions of Shocks

Prior Posterior
Distr. Mean St.Dev | Mean Lower Upper
AR Coefficients
Preference
Py EMU Beta 0.75 0.10 | 0.87 0.82 0.92
Py USA Beta 0.75 0.10 | 0.88 0.83 0.93
Technology
p?"  Tradable int. sector EMU Beta 0.7 010 | 0.94 0.89 0.98
p%!" Tradable int. sector USA Beta 0.75 0.10 0.93 0.88 0.98
p%N  Nontradable int. sector EMU Beta 0.75 0.10 | 0.97 095 0.99
p?N" Nontradable int. sector USA Beta 0.75 0.10 0.93 0.90 0.97
Government Spending
pT  Tradable sector EMU Beta 0.7 010 | 0.84 0.75 0.94
p%T"  Tradable sector USA Beta 0.75 0.10 | 0.73 0.56  0.89
p%N  Nontradable sector EMU Beta 0.7 010 | 0.85 0.76  0.94
p%N" Nontradable sector USA Beta 0.75 0.10 0.93 0.89 0.97
Standard Deviations of Shocks (in percent)
Preference
Ef EMU Gamma 1.00  0.50 1.89 143  2.36
eV UsA Gamma 1.00 050 | 1.91 150  2.30
Technology
g&h Tradable int. sector EMU Gamma  0.70 0.30 1.38  1.06 1.71
e%/”  Tradable int. sector USA Gamma  0.70 0.30 1.72  1.37 2.05
%N Nontradable int. sector EMU Gamma 0.70  0.30 1.81 154  2.08
%N Nontradable int. sector USA Gamma  0.70 0.30 1.02  0.82 1.22
o Permanent technology shock. Gamma 0.70 0.30 0.36  0.19 0.53
Government Spending
eI Tradable sector EMU Gamma 1.00 050 | 1.00 045 1.65
T Tradable sector USA Gamma 1.00 050 | 0.69 0.15  1.22
%N Nontradable sector EMU Gamma  1.00 0.50 3.06  2.68 3.46
%N Nontradable sector USA Gamma 1.00 050 | 4.07 3.57 4.60
Monetary policy
e’ EMU Gamma 040 020 | 0.16 0.12  0.19
e USA Gamma 040 020 | 0.11 0.09  0.13
P. Rabanal and V. Tuesta 13 "la Caixa" WPS No 03/2007
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Since we are mostly interested in understanding the implications of the model for
real exchange rate dynamics and the international transmission of shocks, we briefly
comment on the parameter estimates. Overall, they are quite similar to what has
been obtained in the literature that estimates open economy models with Bayesian
methods.® The estimates for the degree of habit formation are quite similar in both
countries, of 0.57 in the United States and of 0.58 in the euro area, respectively. The
elasticity of substitution between home and foreign tradable inputs, 6, is estimated
at 0.85, a value much smaller than the prior mean of 1.5, which was chosen according
to Chari, Kehoe, and McGrattan (2002). However, this value is higher than that
obtained by Rabanal and Tuesta (2006) and Lubik and Schortheide (2005) in a model
with tradable goods only. As it will become clearer later, the higher estimated
value for this elasticity stems from endogenous volatility that nontradable goods
adds to the model, hence making less necessary a small value of 6 to account for
real exchange volatility. On the other hand, the elasticity of substitution between
tradable and nontradable final consumption goods, ¢, is estimated to be quite low,
with a posterior mean of 0.13, which is much lower than the prior mean, of 1, and the
value typically used calibrated exercises in the literature of 0.44, following Stockman
and Tesar (1995). The estimated Phillips Curves suggest that prices in the USA are
reset optimally about every 2 quarters in both sectors, with a low degree of backward
looking indexation (go Nes P f*) , between 0.06 in the nontradable sector and 0.21 in the
tradable sector. The Phillips Curves in the euro area are more heterogeneous: the
estimated probability of not resetting prices is 0.73 in the tradable sector, while we
obtain a surprisingly low coefficient for the nontradable sector, where the posterior
mean is 0.1, much lower than the prior mean of 0.5. Backward looking behavior is
higher than in the case of the USA, with coefficients of 0.3 in the tradable sector
and 0.4 in the nontradable sector. Finally, the coefficients on the Taylor rule are
quite similar to previous estimates in the literature for the sample period that we
use, starting in 1985, with coefficients on the response of nominal interest rates
to inflation of 2 in the United States (Clarida, Gali and Gertler, 2000) and even
higher in the euro area. Regarding the exogenous processes, all shocks are estimated
with high, but reasonable, persistence. The technology shock in the intermediate
nontradable sector has the highest persistence, with a posterior mean of 0.97, while
the persistence of all the other shocks ranges between that value and 0.73 for the
tradable sector fiscal shock in the USA. The high persistence in preference and
technology shocks in the nontradable sector in US might explain why is the backward

5See Lubik and Schorfheide (2005), Rabanal and Tuesta (2006) and Cristadoro et al. (2007).
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behavior in price setting to be unimportant here. Similar results have been found

by Ireland (2006) for an estimated closed economy using US data.

4 Implications for Real Exchange Rate Dynamics:
Second Moments and Variance Decomposition
After taking a linear approximation to the steady-state conditions, the equations

determining the real exchange rate are as follows. First, combining the consumption

Euler equations for both households, we obtain that:

(1 + g) EtACt+1 — bACt:| B |:(1 + g) EtAC:Jrl - b*AC%k (20)

Ei (1 —a) = [ (1+g—b) (14 g — b
(1= ) = (L= p)) oy + b

where ¢; is the real exchange rate, ¢; and ¢} are consumption in the euro area and

in the United States, b, = <%

GDP, where y = —®' (0) Y, and @t and 171: are the preference shocks (all expressed

in log deviations from steady-state values).5 Therefore, in principle, if consumption

) Y ~! is the net foreign asset position as percent of

growth in both areas is not related to the real exchange rate, the preference shocks
should allow us to explain the data in case of misspecification. In addition, by
taking the definition of the real exchange rate as the ratio of price levels expressed
in common currency, and by using the definition of the CPIs in both countries and

the definitions of the price level of tradable goods, we obtain the following expression:

@ = (27, — Dte+ (1 =y )[(tf =) = (tf —t)] (21)

where t; is the terms of trade, defined as the price of imports minus the price of
exports, t! = pi — p;, i = T, N is the relative price of tradables and nontradables in
the CPI in the euro area, and similarly # = pi" —p¥, i = T, N is the relative price of
tradables and nontradables in the CPI in the United States. Therefore, the shocks
that have the potential to drive the terms of trade, or that move prices of tradable

and nontradable goods in both countries in different directions, are also likely to

~h*

6The evolution of net foreign assets over GDP is: Bgt = ﬁgt,l + X7f (xt — 56'{ — tt) where
XTf is the imports-GDP ratio, %? is exports of intermediate tradable goods, f,{ is imports, and t;
is the terms of trade. Appendix B details the full set of loglinearized conditions of the model.
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affect the behavior of the real exchange rate. Indeed, the presence of nontradable
goods helps in breaking the strong correlation between the real exchange rate and
the terms of trade implied by a model without nontradable goods: in that case,
v. = 1, and ¢ = (27, — 1)t;. Furthermore, as pointed out by Dotsey and Duarte
(2007), the presence of nontradable goods lowers the correlation of real variables
with international relative prices, helping the model to better explain the data. In
the next sub-section we analyze some second moments and evaluate how well the

model works in the previous mentioned dimensions.

In the Bayesian approach, goodness of fit and model comparisons are performed
using the marginal likelihood, which updates the researcher’s prior beliefs on which
model is closer to the true one after observing the data. Fernandez-Villaverde and
Rubio-Ramirez (2004) show that, in the Bayesian framework, model comparison
is consistent when models are misspecified, which is typically the case. However,
the marginal likelihood, which averages all possible likelihood values implied by the
model across the parameter space, using the prior as a weight, is a summary statistic
of overall goodness of fit. In this section, we focus instead on a subset of second
moments that are key in the international macroeconomics literature. In Table 2
we present some selected posterior second moments of the raw data, while in Table

3 we report selected posterior second moments of HP-filtered real variables.

Table 2: Second Moments in the Model and in the Data

Euro Area United States

Std.Dev. (in %) Y C R CPI PPI| Y C R CPI PPI

Data 0.51 051 0.77 0.27 0.33 050 0.48 049 0.36 0.79
Model 0.74 0.87 0.57 0.55 0.60 [ 0.59 0.75 0.49 0.84 1.23
Variance Decomp.

Preferences 9.6 11.0 68.3 253 19.8| 4.1 13.2 659 435 144

Tech. Tradable 74 84 43 4.1 529|119 140 5.0 12.1 6338

Tech. Nontradable | 49.5 56.5 19.2 334 183|204 559 22.7 23.7 13.1 | 31.8
Fiscal Policy 264 195 7.1 168 5.5 |51.8 104 58 4.7 2.9 |435

Monetary Policy 02 02 03 162 31|08 12 05 143 5.1
Unit Root Shock 70 44 09 43 03 |11.0 54 01 16 0.8

Note: Y is output, C is consumption, R is nominal interest rate. Q is the real exchange rate.

Moments for R are based on the level of this variable, in all other cases they are based on

their quarterly growth rate.
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Regarding the variables as they are entered in the estimation procedure, the model
overpredicts the volatility of consumption growth, output out and CPI and PPI
inflation in both countries, while it underpredicts the volatility of nominal interest
rates and the real exchange rate (Table 2). The model has some trouble in capturing
the “great moderation” in inflation rates, specially in the euro area. Yet, using a
longer period that includes the 1970s makes the model fit the inflation data better
as documented by Rabanal and Tuesta (2006). To explain which shocks drive the
behavior of macroeconomic variables, we perform a variance decomposition exercise
and then add up shocks across countries.” Most important for the purpose of this
paper, we examine what is the role of each shock in explaining real exchange rate
fluctuations. In this case, fiscal policy shocks (mostly in the tradable sector) explain
43.5 percent of the variance of the real exchange rate, while technology shocks in the
nontradable sector explain 31.8 percent, and preference shocks explain 23.6 percent.
The other shocks (monetary policy, innovations to the permanent technology shock,
and the tradable sector technology shock) explain about the remaining 1 percent.
These results confirm the findings of Rabanal and Tuesta (2006) with a model with
tradable goods only. Of course, in that case we were not able to tell what sector the
shocks belonged to, but we assigned an important contribution (about 40 percent
each) to technology and demand factors. These results are also in stark contrast
with Cristadoro et al. (2007), who estimate a model similar to this one but with
distribution costs and uncovered interest rate parity (UIP) shocks. Despite intro-
ducing such complexities, real exchange rate volatility is mostly explained by the
UIP shock (75 percent). Back to our estimation, nontradable technology shocks, fis-
cal shocks and preference shocks are able to explain a large fraction of the volatility
of most variables. Note also that the tradable sector technology shocks only ex-
plain an important fraction of tradable (PPI) inflation in both countries. Therefore,
introducing a nontradable sector in the model does seem to help explain the data

better. Also, the monetary policy shock does explain a significant fraction of CPI

"That is, the contribution of the “Preference” shock adds up the contribution of the EMU
preference shock and the USA preference shock. The only exception is the “Fiscal Shock” for
which we have aggregated across countries and sectors.
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inflation in both countries, about 15 percent.

Table 3: Second Moments in the Model and in the Data

Correlation Y, Y* CC* C-C*Q Y-Y*Q Q.Q_;
Data 0.30 0.18 0.01 0.15 0.78
Model 0.36 -0.28 0.05 0.20 0.78
Preferences 0.85 -0.70 -0.97 -0.96 0.77
Tech. Tradable 0.96 0.87 0.84 0.89 0.62
Tech. Nontradable | 0.12  -0.49 0.89 0.91 0.77
Fiscal Policy 0.29 -0.55  -0.90 -0.38 0.79
Monetary Policy 0.95 091 0.81 0.85 0.23
Unit Root Shock 1.00  1.00 0.78 -0.61 0.18

Note: Y is output, C is consumption, Q is the real exchange rate.
All moments are computed by simulating the model 1000 times with

85 periods at the posterior mode and applying the HP filter.

The model does a good job in explaining the international transmission of shocks.
It does a better job in explaining the correlation of output across countries than
that of consumption. Indeed, the latter in the model it is mildly negative while
in the data it is mildly positive. The model is also able to explain the so-called
consumption-real exchange rate anomaly. In the sample period that we use, the
correlation between the ratio of relative consumptions and the real exchange rate

is basically zero.®

The fact that the model can match a basically zero correlation
should not mask that the transmission mechanisms underlying this result are very
different. While technology shocks in both sectors, monetary policy and unit root
shocks deliver a high and positive correlation between these two variables, preference
and fiscal policy shocks deliver a highly negative correlation. Therefore, any model
that tries to be successful in explaining this correlation must have a combination of
the two, even when the model includes nontradable goods. The same result applies
when looking at the correlation between relative outputs and the real exchange
rate. Finally, we would like to remark that the model is able to fit real exchange
rate persistence, with a first autocorrelation in the HP-filtered real exchange rate in

the model and in the data of 0.78. Also, the three shocks that explain most of real

8 Adding the seventies and mid-eighties sample, as in Rabanal and Tuesta (2006), delivers a
negative correlation of —0.17, that a model with incomplete markets and tradable goods can
match.
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exchange rate volatility are able to explain its persistence.

5 Implications for the Transmission Mechanism

Having shown what are the three shocks that explain the behavior of the real ex-
change rate in the previous section, we now turn to discuss the impulse responses
to a nontradable technology shock, a tradable sector demand (fiscal) shock, and a
preference shock in the euro area. In Figure 1 we depict the effects of a positive (one
standard deviation) nontradable sector technology shock. As a result, consumption
and output increase in the euro area. The real exchange rate and the terms of trade
depreciate following the shock, and the relative price of nontradables (RELY = 1;—1;)
falls in the euro area where as it increases in the USA. From equation (21), the RER
dynamics can be decomposed in the terms-of-trade effect, (2y, — 1) ¢;, and the move-
ments of relative prices of tradable to nontradable goods in both countries. We can

further rearrange (21) to get:
qr = (271’ - ]‘)tt + (1 - 70)(T€liv* - T@liv) (22)

where rellY = p¥ — pI' and relly” = p¥" — pI". In this case, both effects move the
real exchange rate in the same direction. The terms of trade depreciate because
of the associated nominal exchange rate depreciation. This causes consumption to
fall in the United States, and also the relative price of tradable goods to increase.
Finally, there is a small improvement of the trade balance but of several orders of
magnitude smaller than all in other variables. An estimated 6 close to one causes
the trade balance to barely move in all the exercises that we show. Note that this
shock implies a positive correlation between both the real exchange rate and the
terms of trade with both relative output and consumption. The impulse response
to a tradable sector technology shock (not shown) displays similar behavior of the

main variables, except for the relative prices of nontradable to tradable goods.’

9For robustness, we have also performed an estimation using the terms of trade as an observable
variable. Qualitatively, the impulse-responses do not change. Results are available upon request.
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Figure 1: Impulse response to a nontradable technology shock in the euro area

In Figure 2, we show the impulse response to a demand shock in the tradable
sector in the euro area. In this case, consumption declines in the euro area and
increases in the USA, while the euro depreciates in real terms. The terms of trade
also depreciate which boosts consumption in USA. Why do both the real exchange
rate and the terms of trade depreciate? Since the model features, infinitely-lived
Ricardian households, the positive demand shock induces a negative wealth effect
in Euro area, therefore, agents work more and consume less today. Hence, the labor
supply increases causing a reduction in real wages that further implies a reduction
in marginal costs in both sectors. Thus, domestic prices (tradable and nontradable)

decrease which triggers both a real exchange rate and terms of trade depreciation.

Note also that the ratio of relative consumptions decreases with the depreciation,

and implies a strong negative correlation between the real exchange rate and relative
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consumption across countries. Hence, as noted above, the presence of both fiscal
and preference shocks are necessary to explain the RER observed dynamics. More
important, the decrease in relative consumptions stems from the cut of consumption
in Euro area following the fiscal shocks. This effect is consistent with the prediction
of a standard RBC model that features infinitely-lived Ricardian households that
based their decisions on the intertemporal budget constraint. In particular, ceteris
paribus, an increase in government spending lowers the present value of income
generating a negative wealth effect that induces a cut in consumption. In our model,
this effect is so strong that it implies a reduction of output as well. Therefore, it
is crucial to have fiscal shocks in the model, in order to be able to explain the real

exchange rate-consumption anomaly.
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Figure 2: Impulse response to a tradable demand shock in the euro area

In Figure 3, we plot the impulse response to a preference shock, which has very
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similar effects to the fiscal shock regarding the implied comovement between the
real exchange rate and relative consumption. However, unlike fiscal shocks it induces
a positive wealth effects generating instead a real exchange rate appreciation. By
increasing the marginal utility of consumption, consumption itself increases in the
euro area, and the real exchange rate and terms of trade appreciate, which reduces
consumption but increases output in the United States. Output in USA increases
due to the positive demand shocks that implies an increase of demand of both
domestic and foreign goods. This also opens a small trade deficit for the Euro
area. Why both real exchange and the terms of trade appreciates?. The preference
shock induces a positive wealth effect that is reflected in higher consumption. This
increase of consumption leads to an increase in wages, marginal cost increases and
consequently prices increase in both sectors. The price increase induces both a
real exchange rate and terms of trade appreciation. Again, as noted above, we
obtain a negative correlation between the real exchange rate and the ratio of relative
consumptions, making this shock necessary to explain the data. At the same time,
the relative price of nontradables increases in the euro area, but decreases in the

United States.
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Figure 3: Impulse response to a preference shock in the euro area.

To further gauge the importance of the previous shocks in accounting for the histor-
ical RER dynamics, Figure 4 displays the observed value of the variation in the real
exchange rate, together with the values with only tradable demand, nontradable
technology, preference, and the other shocks, according to our estimated model'”.
This exercise allow us to identify the nature of the shocks that have played a domi-

nant role as a source of the real exchange rate dynamics.

It is clear that demand shocks explain a great fraction of the real exchange rate
fluctuations being positive correlated with the real exchange rate, results that are
consistent with the evidence illustrated above. Hence, the model with demand

shocks provides a very good approximation to the data. But, as we mentioned

10We use the kalman filter to recover the sequence of shocks. We basically obtain the cyclical
components of the change in the real exchange rate associated with each shock, according to our
estimated model at its posterior mean.
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before, a model with only demand shocks would imply a too negative correlation
between relative consumptions and the real exchange rate, so this is why other
shocks in the model are need. When the model is simulated with the nontradable
component only, we can see that it is also able to capture some comovement with
the actual series. On the other hand, when the model is simulated with preference
shocks only, or the rest of shocks, the behavior of the change in the real exchange

rate in the model and in the data is quite different.
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Figure 4: Decomposition of the Real Exchange Rate.

6 The Role of the Distribution Sector

In recent papers, Corsetti, Dedola and Leduc (2007) and Dotsey and Duarte (2007)
have emphasized the role of the distribution sector in explaining real exchange rate
dynamics. Here, we follow Dotsey and Duarte (2007) and estimate two different ver-

sions of that model. In the first one, we assume that the final tradable consumption

P. Rabanal and V. Tuesta 24 "la Caixa" WPS No 03/2007



Nontradable Goods and The Real Exchange Rate

good includes a nontradable intermediate input, and is produced under monopolistic
competition (there is product differentiation). In the second case, we further assume

that the final tradable good is also priced with a Calvo-type restriction.

We modify the model along the following lines. The final tradable good is consumed
by domestic households. This good is produced by a continuum of firms, each
producing a differentiated variety, labelled by Y7 (i), i € [0, 1]. Each firm combines
a composite of home and foreign intermediate tradable goods X7, with a composite

of intermediate nontradable goods X* with the following production function:

ey

ey —1 ey —1
€

V) = o @) e )
where €, is the elasticity of substitution between tradable and nontradable interme-
diate goods, and 7, is the share of tradable intermediate goods in the production
function. The nontradable component can be seen as distribution services needed
to bring the final consumption good to consumers. This production structure some-
what generalizes, but does not nest, Corsetti, Dedola and Leduc (2007), and implies
a wedge between the price of the CES aggregate of tradable inputs and the price paid
by the final consumer, due to distribution costs. When v, = 1, we go back to the
model of section 2, but with product differentiation and monopolistic competition

in the final tradable goods sector.

The local nontradable intermediate input is a Dixit-Stiglitz aggregate of all nontrad-

able varieties, with the same elasticity than the consumption aggregate:

o—1

XN(i) = {/OlXtN(i,n)U;ldn}

where XV (i,n) is the amount of intermediate nontradable input n by final good

producer i. The price level P is the same as the one defined in section 2.

The composite of home and foreign intermediate tradable goods is given by:

Xi(i) = {vi/@ XP@D)T + (1= )Y [X{ )] }

The definition of the composite of home and foreign intermediate goods follows from

section 2.

Taking a linear approximation to the firm’s optimizing conditions, when prices of
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the final tradable good are flexible, delivers the following inflation rate for the final

tradable goods sector:
T h f N
App =7y 1000 + (1= 7,) (Ap; + Asy)| + (1 —7,)Ap; (23)

such that the final tradable goods sector includes a nontradable component. Further,
if we assume that there are sticky prices in the final tradable good sector, inflation

dynamics in the final goods tradable sector are given by
Ap; = prlp_y = BE (Aply — orlp)) + s (mef —17) (24)

where ky = (1 —ar) (1 — far) Jap, mef = ~, (7 +t7) + (1 —~,) ¢ and ;¥ =
et + (1= 9,) (0] + 50)) = i

Rather than presenting the full set of parameter estimates, that are available upon
request, we compare how the models with a distribution sector fit the data, and in
particular some selected moments of the data. In Table 4 we present the marginal
likelihoods of the three models (baseline, distribution sector with final flexible prices,

and distribution sector with final sticky prices).!!

Table 4 : Model Comparison

Data Baseline Distribution Distr. with Sticky Prices

Marginal Likelihood - 3292.2 3222.0 3261.4
Std(Q/Q-1) 4.64 3.34 3.77 4.34
Percent variance explained
- 23.6 81.1 63.1
by preference shocks
Corr (Q,Q_1) 0.78 0.78 0.75 0.68
Corr (C/C*,Q) 0.01 0.05 -0.14 -0.23

Note: Std(Q/Q_1) is based on raw data, Corr (Q,Q_;) and Corr (C/C*, Q) is based
on HP-filtered data.

' The additional parameters 7, and the fraction of intermediate goods that is used to produce
the final tradable good are taken from Dotsey and Duarte (2007). Hence we calibrate 7y t0 0.62,
and the fraction of nontradable production that is used as an input in the production of final
traded goods to if—j: = 0.4. We also estimated versions of the two distribution cost models where
we estimated those parameters. The qualitative results did not change, and model fit did not
improve significantly. In addition to these two parameters, in the model with a distribution sector
and sticky prices, we also estimate ar and ¢, with the same priors than the other Calvo lotteries
and backward looking parameters of Table 1. We also estimate the elasticity of subtitution ¢,.
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To compare overall performance, we focus on the posterior odds ratio between two
models A and B:

Pr(model = A|{z;}/_,)  Pr(A) L({z:},_, |model = A)

Pr(model = B] {xt}thl) Pr(B) L({xt}f:1 |model = B)

If one does not have strong views about which model is the true one before observing
the data, then Pr(A) = Pr(B), and the researcher updates her beliefs on which model

is the true one after observing the data according to the Bayes factor, which is
L({a;t}thlhnodel:A)
L({z¢}_ |model=B)"
a distribution sector in the model does not improve the model fit: a log Bayes

factor of 70.2 (=3292.2-3222) implies that the researcher would need to have a prior

the ratio of marginal likelihoods between two models Introducing

probability that the distribution model is the true one about exp(70) times larger
than the prior probability over the baseline model. When we introduce sticky process
in the final goods sector, model fit improves with respect to the model with flexible
goods prices, but does not reach the value of the baseline model. Hence we conclude
that the introduction of a distribution sector to the two-sector economy does not
improve its capability of explaining the data, beyond that already included in a

two-sector model with tradable and nontradable goods.

Finally, Table 4 includes some additional posterior second moments that interna-
tional business cycle models would want to replicate. As we can see, the addition of
a distribution sector, and afterwards sticky prices in the final goods tradable sector,
increases the volatility of the real exchange rate to values that are closer to those
in the data. On the other hand, as we introduce these features into the models,
they are not so capable of explaining persistence. An additional unpleasant result is
that, in the models with distribution costs, real exchange rate dynamics end up be-
ing explained by preference shocks, which have a more difficult interpretation than
technology or demand shocks. This result could be closely linked to Cristadoro et al.
(2007), who estimate a model with distribution costs a la CDL and local currency
pricing, but still find that 75 percent of the volatility of the real exchange rate is

due to shocks to the uncovered interest rate parity condition.
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7 Concluding Remarks

In this paper we have examined the ability of models with tradable and nontradable
goods to fit the data. Our main result is that we are able to match real exchange rate
persistence, and to less extent, its volatility, with a medium-scale macroeconomic
model estimated with Bayesian methods. At the same time, this result is based on
estimated parameters that can be considered to be “reasonable” in the literature.
We have found that it is mostly technology shocks in the nontradable sector, and
demand shocks in the tradable sector the ones that seem to explain most of the
behavior of the real exchange rate. When we have estimated versions of the model
with distribution services and sticky prices in the final tradable good sector, we have
not obtained a better model fit.

Estimation of DSGE models with several nominal and real rigidities tend to reveal
that not all features are necessary to fit the data when priors are not too infor-
mative (see Gali and Rabanal, 2005; or Rabanal and Tuesta, 2006). On the other
hand, estimated models where priors are much more informative tend to validate
the rigidities in place (see Smets and Wouters, 2003; and Adolfson et al., 2007). In
our case, we find that distribution services on top of several other rigidities is not
necessary, but this does not mean it is not a feature of relevance in international
macroeconomics, or to explain the apparent deviation from the law of one price in
industry-level data (Betts and Kehoe, 2006). In any case, we have found that a two-
sector two-country model in the spirit of Stockman and Tesar (1995), complemented
with nominal rigidities and habit formation, seems to do a good job in explaining
the data.

The presence of preference shocks and incomplete markets (or, in other papers, of
uncovered interest rate parity shocks) helps us overcome the severe misspecification
embedded in perfect risk sharing conditions across countries, which is at odds with
the data. In addition, the “Great Moderation” that has reduced the volatility of
real and nominal variables in the United States and the euro area has not affected
real exchange rates. In ongoing work, Rabanal, Rubio-Ramirez and Tuesta (2007)

introduce stochastic volatility in an open economy DSGE model, and estimate it.
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A Appendix: The Baseline Model

In this appendix, we present the full version of a model with tradable and non-
tradable final consumption goods, in the spirit of Stockman and Tesar (1995). We
introduce sticky prices in both sectors to be able to study inflation dynamics and

their role in affecting the real exchange rate.

A.1 Households

A.1.1 Preferences

The preferences of a household in country H are assumed to be separable in their

arguments:

Ut = EO ) (25)

= L
log (Cy — bCi_1) —
;5%(08;( t 1) 1+¢)

where F denotes the expectation conditional on the information set at date ¢t = 0,
and [ is the intertemporal discount factor, with 0 < g < 1. C; denotes the level of
aggregate consumption in period ¢, L; denotes labor supply. The utility function
displays external habit formation. b € [0,1] denotes the importance of the habit
stock, which is last period’s aggregate consumption. ¢ > 0 is inverse elasticity of
labor supply with respect to the real wage. 1, is a domestic preference shock that

follows an AR(1) process in logs

log ), = p,logth,_, + e} (26)

We define the consumption index as

Co= [ (CN) T + (=) ()T

where ¢ is elasticity of substitution between the final tradable (C}') and final non-
tradable (CV) goods, and 7, is the share of final tradable goods in the consumption

basket at home.

In this context, the consumer price index that corresponds to the previous specifi-

cation is given by

Po= [ (F1) "+ (1= (Y]
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where all prices are for goods sold in the home country, in home currency and at

consumer level, for both tradable and nontradable goods.

Demands for the final tradable and nontradable goods are given by:

PN ¢
()
t 7 P, t

PN\ 7F
cNo= (1—n, (L) Cy.
t ( 7) P, t

A.1.2 Incomplete Asset Markets

For modelling simplicity, we choose to model incomplete markets with two risk-free
one-period nominal bonds denominated in domestic and foreign currency, and a cost
of bond holdings is introduced to achieve stationarity'?. Then, the budget constraint

of the domestic households in real units of home currency is given by:

BHE S;BF Bﬁl StBtF_l Wi
+ < + +—=L;—C;+11 27
PR, P.R® (%@F> P P, P, ! ! ! (27)

where W, is the nominal wage, and II; are real profits for the home consumer.
B} is the holding of the risk free domestic nominal bond and B is the holding
of the foreign risk-free nominal bond expressed in foreign country currency. S; is
the nominal exchange rate, expressed in units of home country currency per unit
of foreign country. The function @ (.) depends on the net liability position of the
home country, in percent of GDP (i.e. the negative net foreign asset position) in the
entire economy, and is taken as given by the domestic household!®. ® (.) introduces
a convex cost that allows to obtain a well-defined steady state, and captures the

costs of undertaking positions in the international asset market.'*

12We follow Benigno (2001). Schmitt-Grohe and Uribe (2001) and Kollmann (2002) develop
small open-economy models introducing the same cost to achieve stationarity. Heathcote and
Perri (2001) also make a similar assumption in a two-country RBC model. Unlike, Benigno (2001)
we consider real bonds rather than nominal.

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

14 Another way to describe this cost is to assume the existence of intermediaries in the foreign
asset market (which are owned by the foreign households) who can borrow and lend to households
of country F' at a rate (1 + r*), but can borrow from and lend to households of country H at a
rate (1 +7%)¢ (.).
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A.2 Production Sector

The production of this economy is undertaken by three sectors. First, there is a
final goods sector, that uses intermediate tradable inputs from both countries and
operates under perfect competition, to produce the final tradable goods. This same
sector also aggregates varieties of the nontradable goods to produce a final non-
tradable good that is sold to households. The second sector produces intermediate
tradable goods, which are used as an input for the production of final goods both in
the home and in the foreign country. The third sector produces nontradable goods,

that are used as inputs in the production of the final nontradable good.

A.2.1 Final Goods Sector

The final tradable good is consumed by domestic households. This good is produced
by a continuum of firms, each producing the same variety, labelled by Y;', using

intermediate home (Xth) and foreign <th ) goods with the following technology:

-1

0
0—1 =173 9o-1
YtTI{%l/e (X1) 7+ (=) () }

where @ is the elasticity of substitution between home-produced and foreign-produced
imported intermediate goods, and +, is the share of home goods in the production
function. We further assume symmetric home-bias in the composite of intermedi-
ate tradable goods. The corresponding composite of home and foreign intermediate

tradable goods abroad is given by

6
* * o-1 * % o-1
v Z{(l—%)w (X07) 7+ (x) }

X! and X/, that denote the amount of home and foreign intermediate tradable
inputs to produce the final tradable good at home, are also Dixit-Stiglitz aggregates

of all types of home and foreign final goods, with elasticity of substitution o:

- 1 =
Xt = / Xth(h)"aldhl
L/ O

and

_— =
X! = / Xf(f)“aldf]
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where X['(h) and X/ (f) denote individual quantities from intermediate tradable
goods producers at home and foreign. The equivalent quantities for foreign final
tradable goods producers are X" (h) and X/ (f). Optimizing conditions by final

tradable goods producers deliver the following demand functions:
— -6 . — o —0
Xf(h)Z%(Pi;Effl)) (%;) v XF(h) = (1—,) (Pit,f*h)) (;f;) v,
; P\ (EN o or ) (R
Xt(f):(l—%)< i ) (PTT) i Xi (f) =% (T) (?) Y
where
P! = Uol Pth(h)l"dh}

P = {vx (BN + 1 =7,) (Ptf>10:|

We assume that the law of one price holds for intermediate inputs, such that P/*(h) =
P! (h)S,, and P/ (f) = P (f)S,, where S, is the nominal exchange rate.

1—0o

Pl = { / 1 PJ(f)”df} m.

0

and 1
1-6

The production of the final nontradable good is given by:

g
o—1

=[] X )

where we assume the same elasticity ¢ > 1 than in the case of final tradable goods

produced within country H. The price level for nontradables is

1 -0
PN = [ [ <n>”dn}
0

A.2.2 Intermediate Non-Tradable Goods Sector

The intermediate non-tradable sector produces differentiated goods that are ag-
gregated by final good producing firms, and ultimately used for final consumption
by domestic households only. Each firm produces intermediate nontradable goods

according to the following production function

Y (n) = AZ) LY (n) (28)
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where A; is a labor augmenting aggregate world technology shock which has a unit
root with drift, as in Gali and Rabanal (2005):

log Ay = g +log A1 + ¢ (29)

This shock also affects the intermediate tradable sector production function. Hence,
real variables in both countries grow at a rate g. Z.¥ is the country-specific pro-
ductivity shock to the non-tradable sector at time ¢ which evolves according to an

AR(1) process in logs
log 2" = (1= p")log(Z") + p"Nlog Z[¥ | + & (30)

Firms in the non-tradable sector face a Calvo lottery when setting their prices. Each
period, with probability 1 — a, firms receive a stochastic signal that allows them to
reset prices optimally. We assume that there is partial indexation with a coefficient
©y to last period’s sectorial inflation rate for those firms that do not get to reset

prices. As a result, firms maximize the following profits function:

N PtNlc 1 N
— b (n)( P?Y; ) N N.d
MazpxyEr Y oAy P — MCyy| Yo (n) (31)
k=0
subject to
Py PN\
Vi (n) = [( ; 5”)( ”]’31) ] v (32)
Piik Py

where Y;N’d (n) is total individual demand for a given type of nontradable good n, and

k Atk
At

is the marginal utility of

YN is aggregate demand for nontradable goods, as defined above. A,y = 3

Yy
Cr—bCi_1
consumption. MC} corresponds to the real marginal cost in the non-tradable sector.

is the stochastic discount factor, where )\, =

From cost minimization:

Wi
MCN = —>

= P2 A,
A.2.3 Intermediate Tradable Goods Sector

The intermediate tradable sector produces differentiated goods that are sold to the
final sector goods producers in the home and foreign countries. Most functional

forms are similar to those presented for the nontradable sector.
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Each firm produces tradable intermediate goods according to the following produc-
tion function

Y (h) = AZP Ly () (33)

where Z!" is the country-specific productivity shock to the intermediate goods trad-

able sector at time ¢ which evolves according to an AR(1) process in logs
log 2 = (1 — p")log(Z") + p""log Z[" , + " (34)

Firms in the intermediate tradable sector face the same Calvo lottery as firms in the

intermediate nontradable sector, with relevant parameters a;, and ¢;,:

h
w Phn) (S )™ o
Mapp) B 3 of s P MO Y e 3

k=0
subject to
V) = XX
(5 () ] 0

where Y, (h) is total individual demand for a given type of tradable intermediate

good h, and X} is aggregate demand for intermediate good h, consisting of home

demand, and foreign demand:

P\’ PPN
() Y- ()

MC? corresponds to the real marginal cost in the non-tradable sector. From cost

X =

minimization:

Wi
MC =
toPZMA,

A.2.4 Market Clearing

We assume that government spending is allocated between tradable and nontrad-
able goods in the same way that private consumption is. Hence the market clearing

conditions for both types of final goods, consisting of private consumption and gov-
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ernment spending, are:
V=l 4l

VN CY 4Gl

where G, GT follow AR(1) processes in logs.

For the nontradable intermediate goods, the market clearing condition is:

YN(n) = X}, forall n € [0,1]
while for the intermediate tradable goods sector it is:
Y (h) = X!'(h) + X]" (), for all h € [0,1]
For the labor market:

Ly = Ly+L) =
1 1
= / L(h)dh + / LY (n)dn
0 0

(37)

(38)

A.3 Optimizing and Market Clearing Conditions, Fiscal and

Monetary Policy

In this subsection we present the full set of equations characterizing the symmetric

equilibrium.

A.3.1 Households

The Euler equations for home and foreign households, and the optimal condition of

holdings by home household of the foreign bond are:

P,
At = ﬁEt{Rt t)\tH}

Py
* * P* *
)‘t = pPE; {Rt P*t )‘t+1}
t+1
StBtF Qt—l—l
N = O —= | BE * A
t <Pth ) B t{Rt O, t+1

P. Rabanal and V. Tuesta 37 "la Caixa" WPS No 03/2007



Nontradable Goods and The Real Exchange Rate

where )\; is the marginal utility of consumption:

M= U= g
)‘t - UC (Ct> - C* o b*O*
t t—1

The labor supply decisions in each country are:

M— =LY
t_Pt t
*W* N
>‘t Pti - (Lt)w
where:
Ly=L'+ LY
and

Ly =Ly + LY

Household demand for final tradable and nontradable goods are given by:

P\~
CtT = e (_t) Ct?

PN\ °
CN:iFC(iJ Cy.
t ( Py ) Pt t

. P\
e =ﬁ<t> Cr,
t Pt* t

. PN\ T
cN o= (11—~ < L ) Ccy
t ( ) Pt* t

and the CPI’s in each country are given by:

1

Po= (P T+ (=n0) (PN T

1

* — * *\1—e * xy\ l—e —€
Po= (P - (BT
The real exchange rate is
Q) = S Py
t — Pt
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A.3.2 Final Goods Producers

The production of final tradable goods in both countries is given by:

6—1
0

6
0-1Y g=1
v = o ()™ - (1)

and

0
* * o-1 * et 6-1
v," —{(1—%)”9 (X)) 7 +4L° (th> ' }

Demand for intermediate tradable goods is:

P\’ . PN
Xt = () W XE = () W
t t

where

= ([ rwea] = [ [ eigya) T
0

0

The price of final tradable goods is:

P = () e (7))
and )
T+ * R\ 1-0 * f* 1-0)1=0

Since we assumed that the law of one price holds for intermediate goods, it also
holds in the aggregate, such that P* = P S;, and Ptf = PtJc "S,, where S, is the

nominal exchange rate.
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A.3.3 Nontradable Goods Producers

The price setting equations are given by the following optimal expressions:

;

k . ()™ N N VN \
t+s—1
N ZB AN Atk HE)‘T MCtJrkYtJrk
o =
% = (o 1)Et _,t 1o
t - e N PN N
k (H 57) P;
S ks (H (1, )™ ) Pay,
\ k=0 s=1 V,
where W
McCN = —t,
t P,ZN A,
VooV b GY

The evolution of the price level of nontradables is

1
P = [on (R (X)) 7+ (1) ()]

N
Ptfl

N
where Htfl = %

The production function is:
YN = AZNLY.

In the foreign country these expressions are:

( i s \
k_k (mpya) ™" N*y
. E Brafe ek H oy, MCY,Y
~N t+s
pt _ g E k=0 s=1
N* 3 l1—0o
Pt (U - 1) ©° k HN* ‘pN* PN*
S ok | T W)™ ) Hy
N*\t+ Hi\fks Py~ ttk
\ k=0 s=1 )
where
MCON = L
K PZN" A

The evolution of the price level of nontradables is

1

)1fo:| 1-0o

PtN* — |:aN* (PtJX; (Hi\i*l)goN*)l—O' _'_ (1 N CYN*) (ﬁiv*
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N
Pt—l

N* -«
Pt72

.
where IIY", =

The production function is:
YN = AZN LY

A.3.4 Intermediate Traded Goods Producers

The price setting equations are given by the following optimal expressions:

T ‘
C [T () e,
ii_(a—nEt ¥ =
t ° h Ph h
k Ht 55— Pt
kzzﬁ AR Nk (1_[1( Eg+z) ) P:,: v,
\ =0 s= J
where W
MCP = 1
topzhA)

V=X + X
The evolution of the price level of final tradables is

l1-0o

PE = [ (P () ) 1) )]

The production function is:
Y= AZLY

In the foreign country, this expressions are:

( k (Hf* ><pf* i )
k; k t+s—1 f* f*
. > st (11 —) MCLLYY
o k=0 =1 )
tf = Et - l1-0o
Pt (U - 1) k Htf: 1 <p Pf* f*
s— t+k
ZB 0f At H Tl Prvw 4k
\ s=1 y,
where
MCf * L
PtZ At

v/ =X+ X/
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The evolution of the price level of final tradables is

1

* X « \Ppe\1-0o e\ 10| T
Ptf = [O‘f* (Ptjil (Hi:l) ) + (1= ay) <p{ ) ]

*

P tf— 1

where H{fl = =
P,
t—2

The production function is:
V- Azl L

A.3.5 Monetary Policy

Monetary policy in both countries is conducted with a Taylor rule that targets CPI

inflation and output growth deviation from steady-state values:

(1=p, )y (1=p, )y
_ PP\ Y Y\
o= R0 (PG )T ()T e
g

B . . [ P*/P* A=) sy yyx N\ AP0 i
e () (Y

A.3.6 Fiscal Policy

Fiscal policy is conducted with lump-sum taxation and exogenous government spend-
ing:
Gf = (G rem) (G ) explef”)

Gy = (GNP (G e explef”)
G = (G rer ) (G o explef )

GN = (GV)ren ) (GNP exp(ef)

A.3.7 Trade Balance and Net Foreign Asset Dynamics

We present the evolution of the trade balance and net foreign assets of the home
country, since the definition those in the foreign country will mirror those in the

home country. Holdings of foreign bonds depend on the trade balance (NX;) as
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follows 5 BF 5 BF
t tSBF = =kt + NX,
PR () b

Since international trade only occurs at the intermediate goods level, net exports

equal exports minus imports of intermediate goods:

PMX}" — B/X]

NX; =
t P,

Finally, we define nominal GDP to be equal to aggregate nominal private and public
consumption, hence P,Y; = PF(CI + GT) + PN(CY + GY).
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B Appendix: Log-Linear version of the Model

Euler equations

bAc, = — (149 =) (re — ExAper) + (1 + g) EeAcer + (149 —b) (1 - Pw) @Zt

(43)
VA =—(14g—0b") (r] — EB:Lpfyy) + (L4 9) BACG, + (1 +g—b%) (1= p}) ¥,
(44)
Risk sharing
(1 + g) EtACt+1 — bACt:| |:(1 + g) EtAC;;—l — b*ACI
E _ = — 45
¢ (Gr1 — q1) [ (1+g—b) (1+g— b (45)
+(1_P¢)¢t_ (1_/0;2)1/’1& + xb
where y = — & (0)Y, b, = (Sfp‘if ) Y-l
The labor supply schedules are given by:
. 1+g |- b ~ b
= ol — -G 1+ £ 46
“ SDtJr[lJrg—b}Ct Ttg-0 " Utg-0" (46)
. 1+g b* b*
* — * - g % _ —"‘* I ¢ 47
Vo= ek {1+g—b*} A i LS ) R
Technology
U=l e (48)
go=U el (49)
B =0+ - (50)
g =0+ = (51)
Consumer price inflation
Apy = 1 Apf + (=) Ap) (52)
Apr = Yo pf + (1= 70) Dp (53)
Tradable inflation
Apl = 1,00 + (1= 7,) (Ap] + Asy) (54)
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*

APE = e (AP — Asy) + (1 — v,.) Ap (55)

Price setting in the non-tradable sector
Apiv - @Nﬁpﬁl = BE; (ApiL - SDNApz{,V) + AN (wt - Ziv - tiv) (56)

ApY — onDpply = BE, (Api\ﬂ — AP, ) + KN~ ({17: 2 - tiv*) (57)
where ky = (1 — ay) (1 — Bay) /an, kn = (1 — ayn+) (1 — Bay+) [ay-, tN =p¥
pe, and V7 = p¥" — p,.

Price Setting in the Intermediate tradable good sector
Apt = onpt_y = BE; (Apiy — onSpr) + ko (0 — 2 — 18 — 1))

Npl” — . Opll, = BE, (Apfﬂ A ) + kg (2'52" — -t - ttT*)

where r, = (1—ay) (1 — Bay) Jan, ke = (1 —ap) (1= Bayg) Jap, th = pp —

phtl =pl —pI" 4T = pl — p, and (77 = pI" — p.

Final consumption demand

I = —etl + 5 (58)
=l (59)
N = —etVN +¢ (60)
a =t 4+ (61)

Intermediate tradable and nontradable demand

Iy = -0t + 3yl (62)
=0t -yl (63)
7l = —o0t] + 3 (64)
= ot 4" (65)
Relative Price Index
Let “s define t; = Z—g, since the law of one price holds t; = —t; = i ’}f;, then we can

t
write the following relative prices as a function of ¢; (as in Rabanal and Tuesta 2006,
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Benigno and Benigno and others).

tr = —(1=7)t (66)
= =Yt (67)
th = vt (68)
tH = (1=7)t (69)

Relative prices

ty =ty + Asy + Apl — Aph (70)
t; =t i+ Apf — Dpy (71)
Ve
t; =t +Opl = Ap; (73)
. v .
QG = -1 + Asy + Apf — Apy (75)
Taylor rules
e = prior + (1= p) 7. Ap: + 7,0y + €f (76)
i = iy (L= pe) ViAp; + vy Ay ) (77)

Net Foreign Assets and Net exports

~ 1 ~ N
by — bi_1 =nx 78
Bby 1+g t—1 t (78)
Xt
Ny = - (:U? - tt) (79)
7 BFS, . : —~ NX
where b; = vE, 18 the debt to GDP ratio, and nr; = =7*, and where we have

assumed balanced trade in the steady state. To solve for the steady-state ratios, we

have that:
yr gt c7t
voGao o
yvyv o ghvo N

i —1—
Y G C e

X" X/
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Therefore tradable GDP over total GDP is
Xk XhyT
YV yry e
Hence
X XFXTyT
= ryry = -7
Y XTyry
Market clearing;:
g == +79/ (80)
where 7 equals the fraction of government spending over total output. For the

nontradable good, the market clearing condition is:
g = (1= +79 (81)

Finally, for the intermediate tradable goods sector:

Total real GDP
g =7 + 7))+ (=) & +3) (83)

total labor
Xh YN v

_ h
= sy eyl (84)
For the foreign country:
~T* *\ ~T* * ~T*
Yy —(1_7)% +7G: (85)
g =1 =g + 7" (86)
o= vE (=) (87)
U=t )+ A=) @+ 7)) (88)
yr” « ynN*

— f Nx*

lt_ Yh—l—YNlt +Yf*—|—YN*lt (89)
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Mapping variables in the model with observable variables.

E/t — Et,1 = Act — 5?
~ ~x o x _ _a
G —Ca = Ag—¢f

Y — Y1 = Dy —¢gf
Ui — Y1 = Dy — &

Shocks
Yy = P¢wt—1 + 5?

Yy = Pw*lb:—l + 5?

h _ Zh_h Zh
Zpy =P T &

f*_ Z.f

Z,f*
=P d

Zi_1t+ &

N _ ZN_N Z,N
e =P 4t

N* _ _ZN*_N* Z,N*
e =070 matE
T _ GT T G,T
9 =P g1t E

N _ GN_N G,N
gy =P G T &

™ _  GT* T* G,T*
g =p 9i—1 T &
N* _  G,N* N* G,N*
9 =P Ji—1 T &

and €%, ¢, &7 are iid shocks.
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