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Abstract

The objective of this paper is to examine the main features of optimal monetary policy
cooperation within a micro-founded macroeconometric framework. First, using Bayesian
techniques, we estimate a two-country dynamic stochastic general equilibrium (DSGE)
model for the United States (US) and the euro area (EA). The main features of the new
open economy macroeconomics (NOEM) are embodied in our framework: in particular,
imperfect exchange rate pass-through and incomplete financial markets internationally.
Each country model incorporates the wide range of nominal and real frictions found in
the closed-economy literature: staggered price and wage settings, variable capital utiliza-
tion and fixed costs in production. Then, using the estimated parameters and disturbances,
we study the properties of the optimal monetary policy cooperation through welfare anal-
ysis, impulse responses and variance decompositions.
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1 Introduction

The main objective of this paper is to analyze the design of optimal monetary cooperation
between the US and the euro area, using an estimated two-country DSGE framework. In doing
so, we intend to bring together the literature on optimal policy in estimated closed-economy
models (like Levin et al. [2005] for the US or Adjémian et al. [2007] for the euro area) and papers
estimating two-country models (like De Walque et al. [2005], Rabanal and Tuesta [2006], Bergin
[2006] or Adolfson et al. [2005]). The focus of our study will then be on the implications of

optimal policy for international business cycle properties.

*We thank seminar participants and discussant at internal presentations for stimulating and helpful discussion.
The views expressed are solely our own and do not necessarily reflect those of the European Central Bank.

tUniversité du Maine, GAINS & CEPREMAP.

*European Central Bank.

$European Central Bank, CEPR & University of Ghent.

1



Recent advances in Bayesian estimation techniques make it possible to estimate relatively
large structural Dynamic Stochastic General Equilibrium (DSGE) models. This paper first con-
tributes to the empirical literature which makes advances in this direction by estimating a two-
country DSGE model. Following the closed-economy work of Smets and Wouters [2003] the
model embodies a larger range of frictions and shocks that improve the model’s ability to cap-
ture the time series properties of the main macro-economic data. In addition, we use an explicit
two-county US-euro area framework that allows for estimating and testing structural differ-
ences across the two areas. In contrast to the small open economy specification of Adolfson
et al. [2005], it also allows for two-way economic and financial interaction between the two
areas.

The model shares many features common in open-economy DSGE models. Exchange rate
pass-through is incomplete due to some nominal rigidity in the buyer’s currency. The specifi-
cation is flexible enough to let the data discriminate between the polar cases of local-currency-
pricing (LCP) and producer-currency-pricing (PCP). Financial markets are incomplete interna-
tionally and a risk premium on external borrowing is related to the net foreign asset position.
Finally, even under flexible prices and wages, purchasing power parity does not hold due to a
home bias in aggregate domestic demand. As in Christiano et al. [2005] we introduce a number
of nominal and real frictions such as sticky prices, sticky wages, variable capital utilization costs
and habit persistence. In addition, following Smets and Wouters [2003] a large set of structural
shocks enters the model. The open economy dimension also requires additional disturbances.
We add a shock to the uncovered interest rate parity condition (UIP) as it is usually done in the
open economy literature, a preference shock on the relative home bias and two shocks to the
distribution sector markups (affecting the CPI equations).

Obviously, the use of a two-country framework implies that the rest of the world is ig-
nored. An alternative approach, pursued for example by De Walque et al. [2005], is to include
a rest-of-the-word block which is designed to explicitly capture the role of third-market effects
in the interaction between the euro area and the US. Such a rest-of-the-word block can also
be used as a source of common shocks such as oil price shocks. Second, for comparison pur-
poses, we tried to stick as closely as possible to the modelling framework of Smets and Wouters
[2003], while at the same time introducing the most important New Open Economics Macroe-
conomics (NOEM) features. Of course, a number of important open economy features were
not included such as the slow adjustment of import and export shares following expenditure
switching shocks or the fact that import shares of different aggregate demand components may
differ. As a result, given the relatively simple trade structure underlying our model, we did not
explicitly include bilateral export and import quantities and prices in our set of macro variables
to be used in the estimation. Empirically, the transmission channels of the various shocks that
work through trade quantities and prices will be captured in a reduced form by their effects

on relative aggregate demand, consumer versus producer prices and the current account. But
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a clear advantage of such a parsimonious specification of international frictions will be gained
in the analysis of optimal monetary policy cooperation as it will become easier to understand
the role of the few key parameters driving those international features on the design of optimal
policy.

Concerning optimal policy, the Ramsey approach to optimal monetary policy cooperation
is computed by formulating an infinite-horizon Lagrangian problem of maximizing the con-
ditional aggregate welfare of both countries subject to the full set of non-linear constraints
forming the competitive equilibrium of the model. We solve the equilibrium conditions of the
optimal allocation using second-order approximations to the policy function. The numerical
strategy is based on perturbation methods and is well-suited for our modeling framework,
given the large number of state variables. This general method to derive the second-order
approximation of the Ramsey solution allows us to depart from some widespread restrictions
used in the literature to rely on undistorted non-stochastic steady state. In addition, contrary to
the linear-quadratic approach of Benigno and Woodford [2006] which approximates the Ram-
sey problem by a linear quadratic one, the second-order approximation of the optimal alloca-
tion performed in this paper enables us in principle to depart from the certainty equivalence
and analyze the effect of policies on the first moment of the state variables. In the paper, since
we intend to focus on the macroeconomic stabilization properties of the optimal policy within a
relatively sophisticated modeling framework, the constraint of efficient steady state is imposed
to ex ante avoid creating additional policy tradeoffs due to the inefficient steady state and con-
centrate on the implications of the already rich structure of frictions and shocks on optimal
monetary policy cooperation.

The original contributions of the paper, which to our knowledge constitutes the first analy-
sis of optimal policy in an estimated two-country DSGE, cover several dimensions.

First, as in Adjémian et al. [2007], we incorporate the zero lower bound constraint into the
analysis. In this respect, the optimal monetary policy cooperation is not operational given that
it generated a high probability to tilt the zero bound. This result is of course related to the fact
that we use an estimated two-country DSGE incorporating a full set of structural shocks. How-
ever, it turns out that, accounting for the zero lower bound has a marginal impact on welfare
cost and on the stabilization properties of the optimal policy. In particular, when constraining
the volatility of the policy instrument in the optimal allocation, the only second-order moment
affected is the nominal exchange rate.

Second, we make a special effort to illustrate the empirical properties of the optimal alloca-
tion for the US and the euro area, focusing in particular on the driving factors of the Ramsey
allocation dynamics compared with the one derived from using the estimated interest rate
rules. We first compare some selected moments under the different policy regimes. Then we
explore the structural decomposition of those moments and complement the analysis by look-

ing at impulse response functions. This allows us to study the stabilization properties of the
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optimal policy across the different type of shocks.

Our conclusions on the business cycle properties of the optimal monetary policy coopera-
tion are twofold. First of all, we confirm most of the results obtained in the closed-economy
literature based on estimated medium-scale DGSE. The volatility in the optimal allocation is
higher for real aggregates but lower for nominal variables than in the estimated model. The
optimal policy is increasing the impact of supply shocks on activity while limiting the role of
demand disturbances. On inflation, optimal stabilization only allows the markup shocks to
generate fluctuations. Compared with the estimated Taylor rules, the optimal monetary policy
cooperation features strong differences as regards the reaction to labor market shocks.

Moreover, concerning international business cycle dynamics, we show that the optimal pol-
icy significantly reduces the size of international spillovers on economic activity. More specifi-
cally, cross-country output correlation as well as the contribution of foreign shocks to domestic
output fluctuations are much lower in the optimal allocation than in the estimated model: no-
tably, the positive transmission on output of demand shocks is more limited or short-lived with
the optimal policy whereas the negative transmission of labor market shocks is much stronger
at short horizons.

In addition, while under the estimated rules, the conditional correlation between relative
consumption and the real exchange rate is negative at all horizons (therefore accounting for
the consumption-real exchange rate anomaly), the covariance is first positive and turns negative
beyond the 5-year horizon in the optimal allocation. This is partly due to a less negative con-
tribution of the home bias shock and more positive contributions of labor market shocks at
horizons below three years under the optimal monetary policy cooperation.

Regarding exchange rate dynamics, volatility is higher in the optimal allocation despite
the constraints introduced to limit the standard deviations of policy instruments. This reflects
notably a more pronounced overshooting pattern of nominal exchange after labor market and
preference shocks.

A final dimension of the paper also investigates whether some properties of optimal mone-
tary policy cooperation found in some theoretical contributions (see for example Darracq Paries
[2007] or Benigno and Benigno [2006]) can be extended to more general modeling framework.

The rest of the paper is organized as follows. In section 2, the theoretical model is derived.
Section 3 presents the simple cases for which the Ramsey problem associated with the optimal
monetary cooperation can be formulated in a way illustrative of the implications of interna-
tional price setting and international financial frictions in particular. Section 4 contains a short
description of the data used, a discussion of parameter calibration and prior distributions, and
then reports our estimation results. Section 5 explores the dynamic properties of the optimal
monetary cooperation using the estimated model, focusing on propagation of shocks, variance
decomposition and cross-country correlations. Finally, section 6 presents some sensitivity anal-

ysis along the dimension of the key open-economy parameters.
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2 Theoretical model

The world economy is composed of two symmetric countries: Home and Foreign. In each
country, there is a continuum of “single-good-firms” indexed on [0, 1], producing differenti-
ated goods that are imperfect substitutes. The number of households is proportional to the
number of firms. Consumers receive utility from consumption and disutility from labor. In
each country, the consumption baskets aggregating products from both countries have biased
preferences towards locally produced goods.

Regarding domestic frictions, the model is mainly based on Christiano et al. [2005] and
Smets and Wouters [2003]. The sophistication of modelling framework is first guided by the
need to match a certain level data coherence, and in this respect, available studies point to an
appropriate set of necessary frictions. However, we prefer to restrain this degree of sophisti-
cation in order to better understand the normative dimensions of the model, and in particular,
we do not include non-tradables in this set-up. Therefore, we introduce in the model some
relevant frictions to induce intrinsic persistence in the propagation of shocks, including ad-
justment costs on investment and capacity utilization, habit persistence and staggered nominal
wage and price contracts with partial indexation.

Concerning international frictions, we assume that financial markets are complete domesti-
cally but incomplete internationally. Moreover export prices are sticky in the producer currency
for a fraction of firms and in the buyer currency for the rest.

Finally, we specify a sufficient number of structural shocks in order to account for the
stochastic properties of the observed data. Compared with the closed-economy models, we
introduce a risk premium shock on the uncovered interest-rate parity, a preference shock on
the degree of home bias in consumption and markup shocks affecting specifically the CPI in-
flation rates.

Concerning policy evaluation, the needed second-order numerical approximation implies
that the exact nonlinear recursive formulation of the complete set of equilibrium conditions
should be derived. This is specifically relevant for the equilibrium Phillips curves for prices
and wages as well as the micro-foundations of the associated markup shocks. Similarly, two
additional variables which are constant at a first-order approximation, now appear in the non-
linear setting, related to the measure of price and wage dispersion.

For the sake of clarity, most of the derivation will be pursued for country H. Analogous

relations hold for country F.



2.1 Consumer’s program

At time ¢, the utility function of a generic domestic consumer h belonging to country H is

L -
. 1 h h 1-oc €t+jL h 140y, B
Wi(h) = E ;}53 [1 e <Ct+j - th-i—j—l) “Ttor (Lt+j> Ettj

Households obtain utility from consumption of a distribution good CJ* (which also serves as an
investment good), relative to an internal habit depending on past consumption, while receiving
disutility from its labour services L{. Utility also incorporates a consumption preference shock
eP and a labor supply shock ef. Lisa positive scale parameter.

Financial markets are incomplete internationally. As assumed generally in the literature,
Home households can trade two nominal risk-less bonds denominated in the domestic and
foreign currency. A risk premium as a function of real holdings of the foreign assets in the
entire economy;, is introduced on international financing of Home consumption expenditures.

Each household h maximizes its utility function under the following budgetary constraint:

B%,t L StB%,t . iCh Lo B?I,tfl L StB?’,tfl
Bth % AS EtSty1 St (BF’tiﬁF) Bt t t Bt Bt
Pth €t \I/ S—1 — 1, Bt
1— WhLF + Al + TT) "
+( Twit) tPt +Ay H 1L + RMIKD — (u?) Kf*’ﬁt
P, Ly

where W} is the wage, A} is a stream of income coming from state contingent securities, S;
is the nominal exchange rate, TT}* and 7y, are government transfers and time-varying labor
tax respectively, and

REuIK! — @ <u,’;) K"

represents the real return on the real capital stock minus the cost associated with variations
in the degree of capital utilization. The income from renting out capital services depends on
the level of capital augmented for its utilization rate and the cost of capacity utilization is zero
when capacity are fully used (®(1) = 0). II} are the dividends emanating from monopolis-
tically competitive intermediate firms. Finally, BQLt and Bﬁt are the individuals holding of
domestic and foreign bonds denominated in local currency. The risk premium function U (e, e)
is differentiable, decreasing in both arguments and verifies ¥(0,0) = 1. Here, like Adolfson
et al. [2007], we expanded the usual specification of the risk premium found in the open econ-
omy literature by introducing a term depending on the expected change in the exchange rate.
As shown for example in the empirical work of Duarte and Stockman [2005], the forward risk
premium on exchange rate is strongly negatively correlated with the expected depreciation.

We also introduced a specific consumption tax which affect the price of the distributed

goods serving final consumption (and not investment). The after-tax consumer price index
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(CPI) is denoted P; = (1+ 7¢+) P, where P, is the price of the distribution good gross of
consumption tax. Such time-varying consumption tax could in principle rationalize the CPI
inflation rate shocks that we will introduced to estimate the model but we will come back to
this point later.

Finally, separability of preferences and complete financial markets domestically ensure that
households have identical consumption plans.

The first order condition related to consumption expenditures is given by

A= f (Cy = hCymy) ™" = BREy [efy (Cran — hCy) ™7 (1)
where(lﬁitc) is the lagrange multiplier associated with the budget constraint.
TC,t
First order conditions corresponding to the quantity of contingent bonds imply that
P
A = RifE, [Am 5 } @
t+1
A = Riedsy | By i <BF’t _ BF> BE {A 1—St+1pt]
t t<t St—l ) Bt t t+ StPt+1

where R; and R} are one-period-ahead nominal interest rates for country H and F' respectively.
The previous equations imply an arbitrage condition on bond prices which corresponds to

a modified uncovered interest rate parity (UIP):

St+1P;
R, B E; {At—i—l Sz};f] 3)
S(B,,—B B Py }
R?&tAS‘P (% -1, %ﬂ) E; [AtJrl Py

where £2° is a unitary-mean disturbance affecting the risk premium.

Note that the equivalent arbitrage condition for country F'is

S, Py
s B [Ar st ]
er Ry _ t ML PR
= P*
By ,—B E; |AF | 5+
_ EiSina ( Ht H) t[ t+17P" ]
R (1 e 1

Thereafter, the functional forms used for the risk premium and for the adjustment costs on

capacity utilization are given by

k

s3]

U(X,Y)=exp(—xasX —2xY)and ®(X) = &= (exp[p (X —1)] — 1).



2.2 Labor supply and wage setting

In country H, each household is a monopoly supplier of a differentiated labor service. For the
sake of simplicity, we assume that he sells his services to a perfectly competitive firm which

transforms it into an aggregate labor input using a CES technology L; = [ fol Lt(h);%wdh] Mw,

O
w—1

services. The household faces a labor demand curve with constant elasticity of substitution

__Pw 1— w
Li(h) = (W‘ﬁv—th)> “wt ., where W, = <f01 Wi(h) " dh) ! is the aggregate wage rate.

where 1, = 3 and 6,, > 1 is the elasticity of substitution between differentiated labor

Households set their wage on a staggered basis. Each period, any household faces a con-
stant probability 1 — a, of optimally adjusting its nominal wage, say W, (h), which will be the
same for all suppliers of labor services. Otherwise, wages are indexed on past inflation and
steady state inflation: W;(h) = [IT,_1]* [ﬁ]kgw P

W;_1(h) with II; = 5+ Taking into account
that they might not be able to choose their nominal wage optimally in a near future, Wt(h) is

t—1"

chosen to maximize the intertemporal utility under the budget constraint and the labor demand
for wage setters unable to re-optimize after period t:

— _ _Pw _ _Pw w
o Wt(h) ww—1 Pt Pt_1+] gw ](1—£w) Han =1 Wt+J pw—1
bt —< B ) Rl P ) Pay)

The first order condition of this program can be written recursively as follows:

paw—1

(20~

By MY,
(1+or)mw (top)mw
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1t = ¢ & by T wllEt || — e Lt+1
L+7c, e [
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Hyy = (1= Twt) ALy [ ] + an PEy (%) H341 ®)
1+7—C,t Hfm [H] Ew
where w; denotes the aggregate real wage (measured with the before-tax CPI), and the time-

varying income tax is givenby 1 — 7,,; = (1 = 7,) g/" .
Finally, the aggregate wage dynamics is given by.

1 I S 1 -1

w, T w \ (o)1 [ w1 }I_Hw 1, e
=l-a T tay |[T—— — 6

|:1+TC,t:| ( w) (Mw git> w 1+TC,t—1 Hleﬁl—ﬁw ( )

When wages are perfectly flexible (ie ay = 0), the wage setting scheme collapses to:

WﬁthEtLiLgl = Atwt
w7
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(1470, b

The real wage is equal to a markup =)

over the marginal rate of substitution between

consumption and labor.

2.3 Investment decisions

The capital is owned by households and rented out to the intermediate firms at a rental rate
RF. Households choose the capital stock, investment and the capacity utilization rate in order
to maximize their intertemporal utility subject to the intertemporal budget constraint and the

capital accumulation equation:

K =(1-0)K_y +¢! [1 ~S (%)] I, @)

t—1

where § € (0, 1) is the depreciation rate, S is a non negative adjustment cost function such that
S (1) = 0 and €/ is an efficiency shock on the technology of capital accumulation.

This results in the following first order conditions, where (HA%)Qt is the lagrange multi-
C,t

plier associated with the capital accumulation equation:

Aep1 14710,
Ay 1470041

It It / It I
@ [1 -0 <It1> B IHS (IH)] ot ®)

A1 1+70s (L \? o (T I
: S —)e =1
Qe Ay 1+710041 \ It I; B

Qr = Eq [ﬁ <Qt+1(1 —0) + Rfyupr — @ (UHI))] ef 8)

+06E,

RF = @' (u) (10)

We follow Smets and Wouters [2003] by introducing an ad hoc shock etQ accounting for fluc-
tuations of the external finance risk premium. The functional form used thereafter is S (z) =
¢/2 (x —1)*for country H and S (z) = ¢*/2 (x — 1) for country F.

2.4 Optimal risk sharing

It is worth examining the case of complete asset market structure because our definition of the
flexible price equilibrium will assume that financial markets are also complete internationally.
In that case, households in both countries are allowed to trade in the contingent one-period
nominal bonds denominated in the home currency. This leads to the following risk sharing
condition:

A—i == KRERt



where RER; = tPt is the real exchange rateand x = m (normalized to 1 given our steady
state assumptlons). The previous equation is derived from the set of optimality conditions that
characterize the optimal allocation of wealth among state-contingent securities.

When markets are complete, it is no use evaluating the current account path in order to
determine the relative consumption dynamics. Consumption levels in both countries differ
only to the extent that the real exchange rate deviates from purchasing power parity (PPP). In
our model, those deviations are allowed for by two assumptions. The first one is the preference
bias for locally produced goods, implying that the real exchange rate depends on the terms of
trade. The second one is the possibility that prices might not be denominated in the producer

currency, which generates failures of the law of one price.

2.5 Distribution sector

A continuum of companies operating under perfect competition mixes local production with
imports. There is a home bias in the aggregation, which pins down the degree of openness at
steady state. The distributor technology, Vi € [0, 1], is given by

1 gt 1 &t 551
Y, = [anfI + (1 —ny)eY, 2 }

(2

" e11En
Y, (1—nt)€YHE +ntEY

)

¢ is the elasticity of substitution between bundles Yz and Yr. The degrees of home bias are
subject to shocks. But as only the difference of openness rates enters the linearized aggregate

equations in absence of adjustment costs on imports, home bias shocks are given by n; =

An n

and n; = .
t /‘StAn

Cost minimization determines import demands.

n

Yire =n (Tre) Yo Y = (1—n) (T Tore) Y
¢ Tho\ ¢
Yl*f,t =n; (T;,t) Yy, Yﬁ,t = (1-ny) <F> Y/
t
where before-tax distribution prices are defined by
P, = [Py + (1= no) Pit| T
* * ¥l *1
Py = [ntPF,t (- ni) Py, g}

PE?

T = 5—; and 7" = 2+ denote the interior terms of trade. We also make use of the relative prices
P*

TH:PTHandT;:P
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2.6 Final goods sector

In country H, final producers for local sales and imports are in perfect competition and ag-
gregate a continuum of differentiated intermediate products from home and foreign interme-
diate sector. Yy and Yy are sub-indexes of the continuum of differentiated goods produced
respectively in country H and F. The elementary differentiated goods are imperfect substi-

tutes with elasticity of substitution denoted _£5. Final goods are produced with the following
technology Yy = { fol Y(h)idh} " and Yr = { fol Y(f )id f] " Inthe country F', the correspond-
ing indexes are given by Y} = Uol Y(f)idfr and Y}, = Uol Y(h)idhr. For a domestic
product h, we denote p(h) its price on local market and p*(h) its price on the foreign import

market. The domestic-demand-based price indexes associated with imports and local mar-

. . . 1 1 1—p 1 1 1—p
kets in both countries are defined as Py = [fo p(h)i=x dh] , P = [ o Pr(h)t-r dh] ,

1 1 1—p 1 1 I=p . .
Pp = { o PE(f)Tr df} and Pr = [fo p(f)T= df} . And domestic demand is allocated
across the differentiated goods as follows

K M
men v - (), - (52)
() T . PN\ T s
vf € [0,1] Y(f):(PF> Yr, Y(f):(P; ) v;

2.7 Intermediate firms

On the supply side, goods are produced with a Cobb-Douglas technology as follows:

{ Vhe[0,1], Yi(h) =ef (uKy_1(h)* Li(h)=* — Q
Viel0,1], Vi) = e (K ()" Li () =9

where £f' and £{'* are exogenous technology parameters. Each firm sells its products in the
local market and in the foreign market. We denote Yy (h) and Y};(h) (respectively Y (f) and
Yr(f)) the local and foreign sales of domestic producer h (respectively foreign producer f) and
we define Ly (h) and L3;(h) (respectively L}.(f) and L (f)) the corresponding labor demand.

Firms are monopolistic competitors and produce differentiated products. For local sales,
firms set prices on a staggered basis a la Calvo (1983). In each period, a firm h (resp. f) faces a
constant probability 1 — oy (resp. 1 — a;) of being able to re-optimize its nominal price. This
probability is independent across firms and time in a same country. The average duration of

a rigidity period is 1—1ch (resp. 1_1(1} ). If a firm cannot re-optimize its price, the price evolves

according to the following simple rule:

=1
pe(h) = Hflyftfln

“pia(h)
As the distribution of prices among the share ayr of producers unable to re-optimize at ¢ is
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similar to the one at ¢ — 1, the aggregate price index has the following dynamics:

1 1

e 1- T 1=
Pﬁr,t# = aH <H}/ft—1n 7HPH,t—1> T (L—am)p " (h)
The firm h chooses p;(h) to maximize its intertemporal profit

. Pryo1ii \VH [—i\1—7H
(1 = 7u45)De (M) Y 45 (h) (%) (H]>

o0
B | Y adyZiee
= —MCy1jPr i (Y (h) + )

N
~ o N ey
() — (PR BT [ Pre (P \ (7T ,
where YH7t+](h) = (m) <PH,t+j Pri_1 II YH,t+].
— _ ‘At+th . . . .
Etpyj = AP, 1S the marginal value of one unit of money to the household. M is the

real marginal cost deflated by the interior-producer-price and 7; is a time-varying tax on firm’s
revenue. Due to our assumptions on the labor market and the rental rate of capital, the real
marginal cost is identical across producers.

(1-a) Rka
MCy = ——— t (11)
for ac(1l— a)(lfa)TH,t
In our model, all firms that can re-optimize their price at time ¢ choose the same level.
The first order condition associated with the firm’s choice of p;(h) is
o pe(h) Pre  (Pra—ie; \H (7)1 H
» - n B ()" (7)
K Z 4B Yy (W) Pra iy U= mes) e P \ Py =0
=0 —pMCyyj
This price setting scheme can be written in the following recursive form % = u% where
'H ,t H2,t
Ty Iy ﬁ
ZHLt = AtMCtYH7t 1+T7t —+ OéHﬂEt (ﬁ) ZHl,t-i-l (12)
i AT
and
Ty I “Tl
Zpas = (1— Tt)AtYH,tl_FT’t + ay[E; (ﬁ) ZH24+41 (13)
C.t AT
Accordingly, the aggregate price dynamics leads to the following relation.
1
Uy o Ziie\ T
1=ay W + (1 —ap) (M%> (14)

When the probability of being able to change prices tends towards unity, this implies that
the firm sets its price equal to a markup F% over marginal cost. The time varying tax on

firms’ revenue is affected by an i.i.d shock defined by 1 — 7, = (1 — 7) /.
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Equations analogous hold for foreign producers and governs the dynamics of I, as fol-

lows
Ty
T;t H}Hl ' "
Zig = N MC Y —— — + apOE; pe e ZF1 441 (15)
1+ II ﬁ/FII
TG Fit
1
-1
Tpy ppia ' N
Zioy =1 -7 )A*YFtl — T apOE e —p— ZFoi41 (16)
ot HF’t 11
and
1 L
m, " 2\
* t * )t
1=aj P —— +(1—afp) <’UZ* ) (17)
HFtF i F F2.t

where the real marginal cost for country F is given by,

Wt*(l_a)Rf*a
ef*ac(l — )1-9)T},

MC} = (18)

Similarly, the time varying tax on firms’ revenue is affected by an i.i.d shock defined by
1—7 = (1—7’)6f*.

Concerning exports, we assume that, in country H, a fraction 7 (respectively n* in coun-
try F)) of exporters exhibit producer-currency-pricing (PCP) while the remaining firms exhibit
local-currency-pricing (LCP). Consequently, aggregate export prices denominated in foreign
currency are given by

1 1—p
P T o
( Ht) +(1—n) Py "

Py =

1 1 ql-p
S ; and Pp = {77* (S¢Prg) = + (1 —n") PFI_“} .
t

The aggregate LCP export price indexes are accordingly defined as

P; ! l*hﬁdhl_u dP ! 1 = o
H_[ﬂ/np() } san F_[l—ﬁ*/n*p(f) f} :

Let us define the following relative prices RERy = %, RERp = SP% and T = & .Export
margins relative to local sales are denoted RERy = % and RERpr = S P* If there is some
form of international price discrimination, those ratios figure the relative prof1tab1hty of foreign
sales compared with the local ones.

LCP exporters also set their prices on a staggered basis and features of nominal rigidities
are the same as for the local producers.
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Consequently, the inflation dynamics of LCP export prices for the country H, ﬁfmt’ is de-
scribed by the following three equations

- oS,
S % * TH,t * HH7t+1 S %
Zige = AtMCtYH,t1+—m + ap Bk, W ZH1 441 (19)
’ Ht
1
T II; !
> % * Ht I * Ht+1 Z %
ZHQ,t =(1- Tt)AtYH,t1+TCtRERH,t + apfE: Wﬁf_ﬁ ZHQ,t+1 (20)
' Hyt
- ! 1 1
II* . zr  \ "
1=ak ﬁ + (1 —ap) | p ~I*ﬂ’t (21)
" o Zira

LCP export price inflation for country F, Iz, is given by the equivalent formulation

N

N T I [
Zpre = N MO Ypag i+ anPEy (ﬁ) Zr1 1 (22)
Cit Pt
= * * T;‘:,t ~ ]:;:[F,t+1 ﬁ >
Zpor = (1 — 7 )N YFy Tar* RERFE; + agBE; W ZF241 (23)
Cit P
Mg, vt Zriy o
l=ag | —=7— + (1 —ag) | p=" (24)
H}ﬁ_lﬂ*l H Zro

Moreover, cost minimization implies that capital labor ratio are equalized across firms in

each country. Aggregate capital labor ratios are therefore given by

L 1—
kwt t _ « (25)
Rtuth,1 (%
and - .
e (26)
R uy K «

2.8 Government

In country H, public expenditures G are subject to random shocks §*. The government finances
public spending with the various taxes and lump-sum transfers.

The government also controls the short term interest rate R;. Monetary policy is speci-
fied in terms of an interest rate rule: the monetary authority follows generalized Taylor rules
which incorporate deviations of lagged inflation and the lagged output gap defined as the dif-

ference between actual and flexible-price output. Such reaction functions also incorporate a
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non-systematic component £/*.In an open economy framework, the choice of the price deflator

in the reaction function remains an issue. In the benchmark model, we assumed that monetary

authorities target domestic objectives: the domestic detrended output and CPI inflation rate.
Written in deviation from the steady state, the interest feedback rule used in the estimation

has the form:
re = pri—1+ (1 — p) [rem—1 + V“yzt—ﬂ + rar ATy + rayAz + log (Eﬁ) (27)

where small case variables denote log-deviation from its deterministic steady-state.

2.9 Market clearing conditions
Aggregate domestic demands are given by
Y, =Ci+ I + Ge¥ + & (wy) Koy (28)

= Cf + I + G + @ (u)) K}, (29)

where K; and K are the aggregate capital stocks.
Aggregate productions verify
Zy = el (Ko 1)™ (L)' ™ = Q (30)
Zf = e (wKi )" (L)' 7" =9 (31)

where L; and L are the labour input.
Market clearing conditions in goods markets lead to the following relations

—£ * * T;'t ¢ *
2= i (T Vit (=) Ay () ®
t
7 = ni Dy (The) Yy + (1= ng) Apy (L) C Yy (33)

where Ay, = [} (Pt“‘) T, Ao = Jy (B2) T dh, Ay = Jo (plgﬁf ) T df and

Pp ¢

Ap = fo < Pro ) " df measure price dispersions among products of country H and F', sold
locally or exported. Those indexes have the following dynamics

N e
Z T I et
Anr = (1) (W52 ) +m¢m4<7;%%ﬁ> 34
H2,t my, | II
__u 4
. Zpe) T, I, '
Ap,=(1—ap) <M Zr +apAp_q e — " (35)
F2.t HEFlH
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Ay =nAps+(1-n) AT‘{J (36)

~ ZNHI t et X ﬁ?{t "
A, =1 —ap) | pz— +ap Ay | v — (37)
H2.t NP |
Apt=n"Af;+ (1 —n") Apy (38)
T K
: B\ i
AF,t = (1 — (XH) 1% ~H17t + (XHAF’t % (39)
H2,t oy I

Equilibrium in the bond markets implies that Bp;+ B}, = 0 and By ;+ Bj; , = 0. Moreover,
demand for bonds denominated in currency F' emanating from agents in country H is given
by

SiBr: B ~ SiBpi B}k{,tq

PR PR, P P,

«

+ Ti Y + mt%’tmt -Y; (40)
where RER, is the real exchange rate measured with distribution prices gross of consumption
taxes.

We abstracted here from the risk premium in the accummulation equation for the net for-
eign assets. Up to a first order approximation, this modifiation is neutral but at a second order,
it brings some symmetry in the effect of financial market imperfections on the stochastic steady
state for each country.

Si(Bpi—Bri-1) (By=Biri 1)

Let us define the current account of country H as CA; = PR - YN
—t 't —t "t

Some relative prices have finally to be defined as a function of stationary variables. First,

the 4 inflation rates for export prices and local sales prices determine 3 relative prices: 2 relative
export margins for LCP producers and interior terms of trade for country H.

I3, (1+ AS))

RERp, = RERp; 1 i (41)
t
- - i
RERp; = RERp 4 1= 42
I
Ty =T, 4 Hf]i (43)

16



The following variables are deduced from the previous three relative prices.

R N
RERp: = [?7 +(1—-n) RER}{‘;] (44)

R N
RERp; = [?7 +(1—-n) RER;;“] (45)

T;
T = 46
" RERy,RERp, (46)
1
TH,t = |:7”Lt + (1 - nt)ﬂl_g} o (4:7)
1
Thy = [nj + (1 —n)T | (48)
7}*

RERt - RERHﬂgTH’t

. (49)
Try

Finally, aggregate export price inflation rates and after-tax CPI inflation rates are given by

RERp; Iy,

= 50
Bt RERp, 1 (1+ AS)) (50)
RERF,
Up = — 1%, (1 + AS 51
Bt RERpi—1 F’t( * 2 G
T
II; = TAHH,thtCPI (52)
Hit—1
Iy = T+ L HF,tetCPI (53)
Fit—1

The shock we have introduced on CPI inflation can be related to the timy-varying con-

. (1)
sumption tax by TFron)

the core this paper, the plausible nature of CPI inflation volatility that could be explained by

= ¢¢PI However, given the empirical and normative analysis at

those shocks (like oil and non-oil commodity prices shocks for example) may not be associated
with the distortionary impact associated with the consumption tax described in this model.
Consequently, in the rest of the paper, we assume that the shocks 77 and £{'”/* have no
supply side interactions through the wage and price settings. Technically, this corresponds to
assuming constant consumption tax rates and allowing those shocks to enter the model only
through the previous two equations.

The aggregate conditional welfare for each country are defined by Wg; = fol W, (h)dh and
Wi = Jo Wi(f)df.

We already mentioned that all households have the same consumption plans. Consequently,
making use of the labor demand curve faced by each household we obtain

(') 1 ) Nl—oc

j l1—oc (Ct""J - PYCt—l'f']) B
Why = Ey E B el L Et4j
, _ St A .
Jj=0 1top “t+j —wit+]
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where we defined

(1o pw

1 I Sl ¥
Wt(h)> pw—1
Ayt = / <— dh

As for the price dispersion index, we can show that

(140 pw
w 11 pw=t
Aw,t = awAw,tfl ! 3 _t
wi—1 I I —¢w
_ Hw(1+01)
e pw(1+0;)—1
+ (1 = o) wi | pw - (54)
2t

The welfare for country F' is determined by the analogous relations.

210 Competitive equilibrium

The competitive equilibrium is a set of stationary 28 processes for country H, u;, Q¢, It, Ky,
Rf, Yy, Zy, Cy,y Ny, L, MCy, Ty, Warg, Mgy, 210 Znzas Wy Wiy Dy 25010 Ziagr we, HY,

g‘jt, Aﬁt, Bry, Ay, Ry, as well as the analogous 29 processes for country F, 9 relative prices
RERp:, RERp;, RERg:, RERpr;, RER, T, T}, Ty Tﬁ*ﬂ,t and the depreciation rate AS;.
The 66 stationary processes satisfy the relations (1)-(10) and their analogous for country F, the
relations (11)-(54) and the analogous of (27) and (54) for country F, given traditional closed-
economy exogenous stochastic processes for country H, 624, ef; , etI , etG , etL, 6}” , ef , 6?, eﬁ, with
the analogous shocks for country F), the additional open-economy exogenous stochastic pro-

PI PI _A
C *, Etc , &5 S

cesses € , &ttA”, the common factors FtA, FtI , FtCP I FtR, and initial conditions for

country H, C_y, I_1, K_1, Ag 1, A}K{,fy Op, 1, 1:[’;[771, Ay, —1, w_1, analogous initial condi-
tions for country £, and RERH7,1, RERF,,l, T .

2.11 The Ramsey formulation of optimal monetary policy cooperation

As in Schmitt-Grohe and Uribe [2005], we assume that the monetary authorities have been
operating for an infinite number of periods and will honor commitment made in the past when
choosing their optimal policies. This form of policy commitment is similar to the notion of
optimality from a timeless perspective in the sense of Woodford [2003]

We define the Ramsey policy as the monetary policies under commitment which maximize
the joint sum of intertemporal households” welfare for country H and country F'. Formally, the
Ramsey equilibrium is a set of 64 processes defined in the competitive equilibrium for ¢ > 0
that maximize

Wworta,o0 = Wa,0 + Wrpo
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subject to the competitive equilibrium conditions (1)-(10) and their analogous for country F,
and the conditions (11)-(28), (30)-(52) and the analogous of (52) for country F, Vt > —oo, given
exogenous stochastic processes and the initial values of the variables listed above dated ¢ < 0,
as well as the values of the Lagrange multipliers associated with the constraints listed above
dated ¢ < 0.

3 Bayesian estimation of the US-Euro Area Model

In this section, we describe the Bayesian estimation on a US and euro area (EA) dataset of
the first order approximation of the model described in the previous section. We follow in
particular the econometric approach used by Smets and Wouters [2005] who estimated closed-
economy models similar to ours on both the euro area and the US. Regarding the open economy
literature, various studies have attempted to bring multi-country models on data over the re-
cent years. More specifically, we could refer to the results of De Walque et al. [2005], Rabanal
and Tuesta [2006], Bergin [2006] or Adolfson et al. [2005]. In terms of empirical contribution,
the paper extends the successful estimation studies conducted within closed-economy frame-
work by adding the necessary international frictions to account for interdependence between
the US and the euro area while limiting to the maximum the sophistication of the international
linkages. Indeed, since our main objective is to explore the normative implications of opti-
mal monetary cooperation in a modelling framework with satisfying data coherence, we kept
the open economy specifications relatively simple which allows us to build more easily on the
intuitions provided by the theoretical literature.

Thereafter, country H represents the US and country F, the euro area. Concerning the
structural shocks introduced in the estimation, we chose to keep a large set of domestic shocks
as in Smets and Wouters [2005]. While recognizing that the specification of a large number of
shocks could pause identification problems, it is worth enriching our structure of disturbance
when analyzing the optimal policy.

The exogenous can be divided in three categories:

e Efficient shocks: AR(1) shocks on technology (¢!, €/*), investment (¢!, €/*), labor supply(er,

el*), public expenditures (5, €5, consumption preferences (¢, ¢£*) and relative home
bias /",

e Inefficient shocks: ii.d. shocks on PPI markups (¢}, /), CPI markups (¢{'71, £P1¥),
labor market markups (¢}, €}V *), Tobin’s Q (etQ , etQ*) and UIP (e29).

e Policy shocks: shocks on short term interest rates (ef?, /™).

Since the two-country framework is supposed to encompass the macroeconomic interac-

tions between the US and the euro area in the world economy, correlations in the structural
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shocks stemming from rest of the world shocks or uncaptured spillovers cannot be ruled out
ex ante. Consequently, we allow in particular for possible common AR(1) factors for efficient
shocks and CPI markups. For the benchmark model described thereafter, we only retained
common factors on productivity shocks ( f#), investment shocks (f/), CPI markup shocks
(f€P1y and monetary policy shocks (f¥), which were selected on the basis of their significance

in explaining economic fluctuations and the implied marginal data density.

3.1 Data

Compared with the closed-economy version of the model that has been estimated in the US and
the euro area separately by Smets and Wouters [2005], the two-country framework embodies
four additional variables in the estimation and four additional shocks closely related to the
new variables: the exchange rate together with the UIP shock, the current account with the
relative home bias shock, CPI inflation rates with CPI markup shocks. Introducing two price
deflators per country is necessary in order to describe the imperfect exchange pass-through.
The current account has been incorporated in the estimation to improve the inference on the
financial frictions.

For each country, we potentially consider 8 key macro-economic quarterly time series from
1972q1 to 2005g4: output, consumption, investment, hours worked, real wages, GDP deflator
inflation rate, CPI inflation rate and 3 month short-term interest rate. US series come from
BEA and BLS. Euro area data are taken from Fagan et al (2001) and Eurostat. Concerning the
euro area, employment numbers replace hours. Consequently, as in Smets and Wouters [2005],

hours are linked to the number of people employed e; with the following dynamics:

(1 - B)‘e) (1 - )\e)

e; = BEierq + h
€

(i —er)

The exchange rate is the euro/dollar exchange rate. Due to statistical problems in computing
long series of bilateral current account and current account for the euro area, we used the US
current account as a share of US GDP. Aggregate real variables are expressed per capita by
dividing with working age population. All the data are detrended before the estimation.

Our structural description of the US and euro area interactions assumes no rest of world
and therefore remains, from a global point of view, a reduced-form representation. As already
mentioned, in order to take into account sources of economic fluctuations emanating from other
countries, we allow first for common structural shocks. But we also introduce correlation be-
tween the home bias preference shock and the euro area public expenditure shock. Since we
used the US total net trade instead of the bilateral net trade, we intend to capture through this
variable, rest-of-the-world shocks that affect the US current account with moderate immediate
impact on euro area output. The correlation between home bias shock and euro area pub-
lic expenditures shock (pan,c), which acts as a GDP residual shock, is meant to control for this
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drawback. Notice however that using total US trade instead of bilateral trade broadens the data
information on the rest of the world. Finally, given that, in the first order approximation of the
model, the UIP shock has weak structural interpretation, examining the links with other shocks
seems justified. Consequently, correlations between the UIP shock and other efficient shocks
are incorporated in the estimation and may account for the impact of fundamental shocks on
time-varying risk premium. In practice, the benchmark model exposed in this section features
a correlation between the UIP shocks and the US productivity shocks (p4,a5) as well as the
government expenditure shocks (pg.aAs, pa+,as) from both countries. Those correlations were
also selected according to their significance and the improvement brought to the marginal data
density !.

3.1.1 Calibrated parameters

Some parameters are fixed prior to estimation. This concerns generally parameters driving the
steady state values of the state variables for which the econometric model including detrended
data is quasi uninformative. Those parameters are assumed to be the same for the US and the
euro area. The discount factor (3 is calibrated to 0.99, which implies annual steady state real
interest rates of 4%. The depreciation rate ¢ is equal to 0.0025 per quarter. Markups are 1.3 in
the goods market and 1.5 in the labor market. The steady state is consistent with labor income
share in total output of 60%. Actually, in order to impose zero after-tax profit share in the steady
state, the fixed cost is set at () = <T—M_? - 1) Y. Shares of consumption and investment in total
output in steady state are respectively 0.65 and 0.18.

3.1.2 Prior distribution of parameters

As in Smets and Wouters [2005], the priors are assumed to be the same across countries. The
standard errors of the innovations are assumed to follow uniform distributions, except for the
common factors where we choose inverse-gamma priors (see Table 1). Initially, the priors for
the common factors were not uniform since the estimation could easily bring the standard devi-
ation of those shocks to zero which leads to singular configurations. However for the common
shocks retained here we could have applied less informative priors. In DSGE models, data are
often very informative about the variance of structural disturbances and we keep loose priors
to avoid helping artificially the identification of our shock structure by our assumptions on pri-
ors. The distribution of the persistence parameters in the efficient and policy shocks is assumed
to follow a beta distribution with mean 0.85 and standard error 0.1. The additional correlations
between structural shocks have uniform priors too (see Table 2). Concerning the parameters of

the Taylor rules, we follow Smets and Wouters [2005]: the long run coefficient on inflation and

'The correlation between the home bias shock and EA government expenditures is introduced by adding a
term pan.ger™ in the AR(1) of the EA government spending exogenous. The correlations with the UIP shock are

introduced by adding terms like (¢;*)?4-25 in the risk premium exogenous £§*°
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output gap are described by a Normal distribution with mean 1.5 and 0.125, and standard er-
rors 0.1 and 0.05 respectively (see Table 3). The persistence parameter follows a normal around
0.75 with a standard error of 0.1. The prior on the short run reaction coefficients to inflation
and output gap changes reflect the assumptions of a gradual adjustment towards the long run.
Concerning preference parameters, the intertemporal elasticity of substitution is set at 1 with
standard error of 0.375. The habit parameter is centered on 0.7 with standard deviation of 0.1
and the elasticity of labor supply has mean 2 and standard error of 0.75. Adjustment cost pa-
rameter for investment follows a N(4,0.5) and the capacity utilization elasticity is set at 0.2
with a standard error of 0.1. Concerning the Calvo probabilities of price and wage settings, we
assume a beta distribution around 0.75. The degree of indexation to past inflation is centered
on 0.5.

Regarding the open economy parameters, we intend to remain fully agnostic on such pa-
rameters and choose uniform priors for the intratemporal elasticity of substitution, the param-
eters guiding the share of PCP producers, the degree of home bias in consumption and the
elasticity of foreign exchange risk premium with respect to the net foreign assets.

Note therefore that the steady state value of the openness ratio is estimated. As a structural
description a the rest of the world is not included in our framework, we try to “let the data
speak” about the effective openness ratio in this reduced form model of the international link-
ages between the US and the euro area. One interesting point is to see if the estimated openness
ratio is closer to the bilateral openness, around 2%, rather than to the overall openness, above
13%.

3.2 DPosterior parameter estimates

Posterior parameter estimates (see Table 1 to 3) commonly found in the closed-economy liter-
ature are relatively similar in the US and the euro area which is line with previous work done
by Smets and Wouters [2005]. However, marginally, nominal rigidities in price-setting seem
to be larger in the euro area than in the US. This feature is also consistent with the results of
the Inflation Persistence Network see Altissimo et al. [2006] for a comprehensive summary of
results). At the same time, the indexation coefficients on past inflation are larger in the US.
The estimated preferences parameters also differ between the US and the euro area. The in-
tertemporal elasticity of substitution is higher in the euro area but the habit persistence is more
limited. Differences are much smaller for the labor supply elasticity but those parameters are
very badly identified (see Figure 3). Finally the adjustment costs on investment and capacity
utilization seem to be higher in the euro area than in the US. Concerning monetary policy rules,
there is not much evidence of strong differences in reaction functions. Of course, some asym-
metries could be highlighted. For example, the estimation tends to suggest that interest rate
smoothing is slightly higher in the euro area than in the US. Note that the level terms on infla-
tion in the policy rules are poorly identified (see Figure 3). But overall, the degree of asymmetry
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between the US and the euro area due to differences in parameters is relatively limited. The
main source of asymmetries comes from differences in shock structure with the productivity
shock having a stronger role in the EA while the labor supply and public expenditure shocks
are more important in the US.

We now focus on the parameters driving the open economy features which are critical in
NOEM models: the price elasticity of trade (), the share of PCP producers (n and n*), the
degree of home bias (n) and the UIP risk premium elasticity with respect to net foreign assets
(0)-

The intratemporal elasticity of substitution is estimated around 2.5 in the benchmark model
with the highest probability density interval going approximately from 1.5 to 3.3 (see Figure 3).
This parameter is crucial for a wide range of international economics issues. The NOEM litera-
ture frequently uses unitary assumptions in order to improve the tractability of the theoretical
analysis. However, empirical studies on international trade, generally obtained with disaggre-
gated data, find much higher estimates (see Harrigan [1993] for example). With time series
analysis, estimates can be found from 0.1 to 2 (see Hooper et al. [2002]). Within structural mod-
els, Bergin [2006] reports estimates close to unity, whereas Rabanal and Tuesta [2006] find much
lower values and Adolfson et al. [2005] much higher. Corsetti et al. [2005] illustrate the role of
the price elasticity of tradables under incomplete markets on the sign of the international trans-
mission: there is some cutoff value of £ around which the sign of the international transmission
switches and the volatility of the exchange rate increases strongly. This critical value is very
much related to the the degree of home bias. De Walque et al. [2005], within a more sophis-
ticated framework, show that their estimation algorithm could find a solution for £ in regions
on both sides of this value, without being able to cross it. In our set-up, we deliberately used
a uninformative priors and made sure that the initialization of the MCMC algorithm covers all
the prior support. It seems that the posterior density does not present such strong bi-modal
pattern. Note that, for a given value of n, a too low value of £ can generate an unstable equilib-
rium and the critical value could possibly be within this domain of instability. Moreover, the
higher the home bias, the larger this instability area. For example, when we fix all the param-
eters at the mode of the benchmark model and allow & to vary from 2.5 to 0, the variance of
the exchange rate keeps on increasing till we reach some point where the equilibrium becomes
unstable. Of course, this does not prove that there cannot be some parameter configurations
with high likelihood for which the critical point pattern could exist but it nonetheless gives
some support to our intuition.

The extent to which nominal exchange rate fluctuations pass-through into core prices and
the way to incorporate such features in theoretical models are topical issues in international
economics. In this paper, imperfect pass-through is achieved through a combination of nom-
inal rigidities and/or currency denomination of exports. Should all prices be flexible, firms

would have no incentive to discriminate in international markets and the law of one price
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would hold. In our benchmark setting, we estimate the share of PCP and LCP firms (given by
the parameters 1 and n*). For the US, the share of PCP firms is centered on 90% with a mode at
99% and a distribution between 79% to 100%. In the euro area, the share of PCP firms is lower
and is centered on 79% with a distribution between 62% and 100% (see Figure 4). Therefore, the
estimated immediate euro-dollar pass-through on inflation is relatively high in the estimated
model (as in the preferred model of Rabanal and Tuesta [2006]) and the US exporting firms
seem to be relatively more ”“price makers” than the European firms. Note that the parameter
posteriors related to exchange rate pass-through depend crucially on the price deflators intro-
duced in the estimation procedure. If GDP inflation rates are removed, the LCP shares increase
significantly in both countries (estimation not reported here). Conversely, if CPI inflation rates
are removed, the estimation favors strongly the PCP case. This result put into perspective the
tinding of Bergin [2006] who, using only CPI inflation, concluded that LCP was the appropriate
specification.

The model also gives some information about the risk premium of the UIP linked to net
foreign assets. The posterior distribution for this parameter range from 0.001 to 0.024 with a
mode at 0.017 (see Figure 4). Our estimate implies that net foreign assets amounting to 20% of
GDP would increase the risk premium by 34 basis points (the distribution ranging from 2 bp
to 48 bp). Bergin [2006] finds a result of 0.00384 and Rabanal and Tuesta [2006] report values
between 0.005 and 0.013, estimates which are all in our posterior distribution. In addition, the
parameter driving the negative correlation between the risk premium and the expected change
in the exchange rate (xas) is estimated around 0.15 and seems to be well-identified. This value
is much lower than the one reported by Adolfson et al. [2007] in their small open economy
model of the Swedish economy.

Our model tries to estimate a reduced form of the US and euro area interactions in the world
economy. A rest of the world sector is not introduced. Consequently, the relevant value of the
steady state openness ratio can be higher than the bilateral openness ratio in order to take into
account third markets effects. In the benchmark version, the openness ratio is estimated and
the result points to values quite close to the bilateral openness ratio (see Figure 3). Chari et al.
[2002] developed a two-country model with sticky prices and local-currency-pricing calibrated
for the US and the euro area and also used a value of n = 0.984 in their simulation analysis.
Rabanal and Tuesta [2006] estimated a lower home bias which corresponds to an openness
ratio around 6%. Alternatively, we estimated a model keeping the steady state openness ratio
tixed a