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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.

Keywords: DSGE models, Optimal monetary policy, New open economy macroeconomics,
Bayesian estimation.

JEL classification: E4, E5, F4.
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Non-Technical Summary

The main objective of this paper is to analyze the design of optimal monetary cooperation be-
tween the US and the euro area, using an estimated two-country Dynamic Stochastic General
Equilibrium (DSGE) framework. In doing so, we intend to bring together the literature on op-
timal policy in estimated closed-economy models and papers estimating two-country models.
The focus of our study will then be on the implications of optimal policy for international busi-

ness cycle properties.

Recent advances in Bayesian estimation techniques make it possible to estimate relatively large
DSGE models and this paper first contributes to the empirical literature which makes advances
in this direction. Then, concerning optimal policy, the Ramsey approach to optimal mone-
tary policy cooperation is computed by formulating an infinite-horizon Lagrangian problem of
maximizing the conditional 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 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, we
incorporate the zero lower bound constraint into the analysis as the optimal monetary policy
cooperation generates a high probability to tilt the zero bound. 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 and 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 allocation
for the US and the euro area, focusing on the driving factors of the Ramsey allocation com-
pared with the one derived from using the estimated interest rate rules. We compare some
selected moments as well as their structural decomposition under the different policy regimes
and complement the analysis by looking at impulse response functions. Our conclusions on
the business cycle properties of the optimal monetary policy cooperation first confirm most of
the results obtained in the closed-economy literature based on estimated medium-scale DGSE.
Moreover, concerning international business cycle dynamics, we show that the optimal pol-
icy significantly reduces the size of international spillovers on economic activity. Regarding
exchange rate dynamics, volatility is higher in the optimal allocation despite the constraints

introduced to limit the standard deviations of policy instruments.

Finally, we explore the sensitivity of some results to the key open economy parameters. While

ECB

Working Paper Series No 884
March 2008




the international price-setting assumptions do not seem to lead to strong modifications in the
stabilization properties of the optimal policy, financial market imperfections could have more
dramatic consequences and we emphasize the need to carefully think about the relevance of
departing from perfect risk sharing.

ECB
Working Paper Series No 884
' March 2008



1 Introduction

The main objective of this paper is to analyze the design of optimal monetary cooperation be-
tween 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 Adjemian et al. [2007] for the euro area) and pa-
pers 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.

Recent advances in Bayesian estimation techniques make it possible to estimate relatively large
structural Dynamic Stochastic General Equilibrium (DSGE) models. This paper first contributes
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 capture 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 differences
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 specification
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 internationally
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 ignored.
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
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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 aresult, 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
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 condi-
tional aggregate welfare of both countries subject to the full set of non-linear constraints form-
ing the competitive equilibrium of the model. We solve the equilibrium conditions of the opti-
mal allocation using second-order approximations to the policy function. The numerical strat-
egy 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 approx-
imation 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 Ramsey
problem by a linear quadratic one, the second-order approximation of the optimal allocation
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 analysis
of optimal policy in an estimated two-country DSGE, cover several dimensions.

First, as in Adjemian et al. [2007], we incorporate the zero lower bound constraint into the anal-
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ysis. In this respect, the optimal monetary policy cooperation is not operational given that it
generates 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 allocation
for the US and the euro area, focusing in particular on the driving factors of the Ramsey allo-
cation 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 looking at im-
pulse response functions. This allows us to study the stabilization properties of the optimal
policy across the different type of shocks.

Our conclusions on the business cycle properties of the optimal monetary policy cooperation
are twofold. First of all, we confirm most of the results obtained in the closed-economy litera-
ture 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 coopera-
tion features strong differences as regards the reaction to labor market shocks.

Moreover, concerning international business cycle dynamics, we show that the optimal policy
significantly reduces the size of international spillovers on economic activity. More specifically,
cross-country output correlation as well as the contribution of foreign shocks to domestic out-
put fluctuations are much lower in the optimal allocation than in the estimated model: notably,
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 con-
sumption 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 be-
yond 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.
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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 no-
tably a more pronounced overshooting pattern of nominal exchange rate after labor market
and preference shocks.

A final dimension of the paper also investigates whether some properties of optimal monetary
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 contains a short description of the data used, a discussion of parameter calibration and
prior distributions, and then reports our estimation results. Section 4 defines optimal monetary
cooperation. Section 5 explore the dynamic properties of the optimal monetary cooperation
using the estimated model, focusing on propagation of shocks, variance decomposition and
cross-country correlations. Section 6 presents some sensitivity analysis along the dimension of

the key open-economy parameters. Finally, section 7 concludes.

2 Theoretical model

The world economy is composed of two symmetric countries: Home and Foreign. Each country
is populated by a continuum of “single-good-firms” indexed by f € [0, 1], producing differen-
tiated goods that are imperfect substitutes, and a continuum of houholds 4 € [0, 1]. 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 pro-
duced 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 appro-
priate set of necessary frictions. However, we prefer to restrain this degree of sophistication 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 fric-
tions to induce intrinsic persistence in the propagation of shocks, including adjustment 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 domestically
but incomplete internationally. Moreover export prices are sticky in the producer currency for
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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 inflation 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, additional vari-
ables which are constant at a first-order approximation, now appear in the nonlinear 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 rela-

tions 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

-
. 1 h h l—oc 5t+jL n o \1tor| g
Wi(h) = E; jgoﬂj [1 e <Ct+j - hct+j—1) “Tion (Lt+j> €tt

Households obtain utility from consumption of a distribution good Cf* (which also serves as an
investment good), relative to an internal habit depending on past consumption, while receiv-
ing disutility from its labour services L. Utility also incorporates a consumption preference
shock e and a labor supply shock eF. L is a positive scale parameter.

Financial markets are incomplete internationally. As assumed generally in the literature, /ome
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 econ-

omy, is introduced on international financing of Home consumption expenditures.

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

B! S, B P Bl S, Bl
H,t + [ 7 _ —|——th+1—,sz Hit—1 4 tPpt—1
Bth « AS E:Si i1 Sy (BF,t —Ep) Bt Bt Bt
Pth Sn v S 1, P,

(L= mw) WPLE + AV + TTP
Pt

+ Rfu?Kth — (u?) Kth +
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where W} is the wage, A is a stream of income coming from state contingent securities, .S; is
the nominal exchange rate, 7'7}" and 7yy; are government transfers and time-varying labor tax
respectively, and
REuhK! — @ (ug) Kh

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, B];I,t and B]Fl‘,t are the individuals holding of
domestic and foreign bonds denominated in local currency. The risk premium function ¥ (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 (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 =eB (C,— hC, )7 — BhE, [gf;l (Cror — hct)*‘ﬂ (1)
where(HAifc) is the lagrange multiplier associated with the budget constraint. First order con-
TC,t
ditions corresponding to the quantity of contingent bonds imply that
P,
Ay = RyBE, [Am o ] (2a)
t+1
A — RFDSY EtSi41 1 St <BF¢ B EF) BE [A StJrlPt] (2b)
P St-1 7 P, S P

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

ECB
Working Paper Series No 884
March 2008



modified uncovered interest rate parity (UIP):

Sty1 P
Ry _ [AH StPt+1] 3)
5 N P
R*€AS\I] (Et5t+1 -1 St (BF*tiBF) ) Et |:At+1 Tfrl}
t=t Snd ’ Bt
where £2*7 is a unitary-mean disturbance affecting the risk premium. Note that the equivalent

arbitrage condition for country F'is

* StP
et Ry — B [AHI St P t+1]
By ,—B A*,
E¢Siy1 ( H,t H) |: t 1P ]
L (1 TS T s B

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

capacity utilization are given by ¥(X,Y) = e X25X=2XY and ¢(X) = B (e‘p(X D — 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

1 w
transforms it into an aggregate labor input using a CES technology L; = [ fol Li(h) deh] ! ,

where p,, = 09’“ 7 and 0,, > 1 is the elasticity of substitution between differentiated labor

services. Household h faces a labor demand curve with constant elasticity of substitution

Pw 1— w
Li(h) = (Wééf)) "~ L, where W; = < 3 Wi(h) i dh) "™ s the aggregate wage rate.

Households set their wage on a staggered basis. Each period, any household faces a constant
probability 1 — «,, of optimally adjusting its nominal wage, say Wt(h), which will be the same
for all suppliers of labor services. Otherwise, wages are indexed on past inflation and steady
state inflation: W, (k) = [IT,_]** [II (1] ey, 1(h) with II; =

might not be able to choose their nominal wage optimally in a near future, W, (h) is chosen to

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

Wi (h) T P | Py Sw i(1—&w) e Wiy o
Liyj(h il ) /s J Lo
with) = ( b ) <Pt+j [ P ] = ) <Pt+j> ™

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

paw —1

Wt(h) B ’}—[711171‘/ pw (14o7,)—1
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HY, = ePelLLtor [ Wt T L BE i1 e (4)
=ePe — a B —
1,t t <t t 1 e w2t wa [ﬁr_gw 1,t+1
v (1 ALy [ ] O f SRS U L 5
§r=(1—Tuws) MLy L +7'C,t] + oy BE, wa m}l,gw 2,141 )

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,,) ¢}" . Finally, the aggregate wage dynamics is

given by.
1 w 1 1 1__1
[ wy ] T (1—an) [ 4 Pp\ rwlto)-t e [ wi—1 ] T IL e
1 + TC,t v v 121}715 v 1 + TC7t,1 Hfflﬁlfgw
(6)
When wages are perfectly flexible (ie ayr = 0), the wage setting scheme collapses to:
(A +7ct) bw B 1710
’ LI = A
(1= Twy) R o

(1+7'C,t)ﬂw

The real wage is equal to a markup T 0)

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:

I

K= (1—8)K_y+e! [1 -S (E)] I )

where 6 € (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 ﬁ@t is the lagrange multiplier
Tt

associated with the capital accumulation equation:

Apr 1470,
Ay 1470041

Qi =E B (Qt+1(1 —8) + R w1 — @ (Ut+1))] ef 8)
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+ BE; | Q1 A Ttroen \ I I, €41
RF = @' (u) (10)

We follow Smets and Wouters [2003] by introducing an ad hoc shock th accounting for fluc-
tuations of the external finance risk premium. The functional form used thereafter is S (z) =
To(z — 1)? for country H and S () = T (z— 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
Ti = kRER,

where RER; = StTI? is the real exchange rate and x = #‘ZAO (normalized to 1 given our
steady state assumptions). The previous equation is derived from the set of optimality condi-

tions 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 de-
termine 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
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§ Lo, 1 1 eagEy
Y, = (1_nt)€Yi,H ¢ +nt£Yi,F ¢

where ¢ is the elasticity of substitution between bundles Yy 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®
€t

ne = ny/ef" and n} =

Cost minimization determines import demands:

Y =m (TH,15)75 Ys, Y= (1 —ny) (T} TH,t)% Y;
* * %\ =& yrx * * T;;,t ¢ *
YF,t =M (TF,t) Y/, YH,t =(1-mnyg) <—T* ) Y,
t

where before-tax distribution prices are defined by
1
_ _ 1—
P, = [”tplli,tg +(1- ”t)PI}“,tg} ‘
1
P = [P ) Py ]
T = Ilj—g and T* = ]]jit denote the interior terms of trade. We also make use of the relative prices
H

P*
Ty =12 and T} = 2.

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 ﬁ Final goods are produced with the following

technology Yy = { fol Y(h)%dh} " and Yr = { fol Y(f )%d f] " Inthe country F, the correspond-
ing indexes are given by Y} = {fol Y(f)idfr and Y}, = {fol 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 P*(h)1=nr dh] ,

1— 1—
Py = [ 01 p*(f)ﬁdf} ! and Pr = Uol p(f)ﬁdf} H. And domestic demand is allocated
across the differentiated goods as follows

Vh e [0,1] Y(h):(ﬁg—l’?) “TYu, Y*h) =

(
vrel vin=(3) " v, vin=(5L) 7 v
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2.7 Intermediate firms
On the supply side, goods are produced with a Cobb-Douglas technology as follows:

{ Vhe[0,1], Yi(h) = el (u,Ki—1(h)® Ly(h)'=® — Q
Vfel0,1], V() =& (WK (f)" Li(f)' T - @

where ¢{* and £/** are efficiency (exogenous) variables. Each firm sells its products in the local
market and in the foreign market. We denote Yy (k) 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. In each period, a firm h (resp. f) faces a constant
probability 1 — oy (resp. 1 —aj,) 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

. . 1 1 . .. . . . .
period is Tan (resp. m). If a firm cannot re-optimize its price, the price evolves according

to the following simple rule:

—1—
pe(h) =1, T pyy ()

As the distribution of prices among the share ay of producers unable to re-optimize at ¢ is

similar to the one at ¢ — 1, the aggregate price index has the following dynamics:

1 1

— =1 = i
Pl = an (W T0 7" Py )™ 4 (L= am) 5 ()

The firm h chooses p;(h) to maximize its intertemporal profit

> o= D P11\ (i\17H
E, [Z o S0 ((1 )P () Yy () <ﬂ) ()
Jj=0

Py i1

—~ MCyyjPr i (Yae45(h) + Q))

K
where Y ,4(h) = (’j{,LH}Z)>7ﬁ (PZZ; (Pglj;jj)w (ﬁj) oy Yuivj, S = /BjﬁﬁTii
is the marginal value of one unit of money to the household, M C}, ; is the real marginal cost
deflated by the interior-producer-price, and ; 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.
wt(lfa) Rbe

624040‘(1 — a)(lfa)TH,t

In our model, all firms that can re-optimize their price at time ¢ choose the same level.

MC, =

(11)
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The first order condition associated with the firm’s choice of p,(h) is

o0 ~
- h) P, P 14i\7H /—i\1-7H
Ee| Y ah et Yereri(h) P ((1—Tt+j)pt( ) Py ( ALt ) (Hj>

= Pyt Py \ Pt
— uM Ct+j> =0
This price setting scheme can be written in the following recursive form ’# = u% where
H H2,t
T Iy ot
Zmig = AMNMCiYy, T T’t + agPE, (ﬁ) Zh1t+1 (12)
Gt 1
and
Ty a1 et
Zor = (1 —1)AiYH = + ayfE —_— ZH2.4+1 13
= )N Y 1+ 7o ¢ H'}ftHIﬂH i+ (13)
Accordingly, the aggregate price dynamics leads to the following relation:
1 1
Mgy " ZH1\

When the probability of being able to change prices tends towards unity, this implies that the
firm sets its price equal to a markup ﬁ over marginal cost. The time varying tax on firms’
revenue is affected by an i.i.d shock defined by 1 — 7, = (1 —7) &/ .

Equations analogous hold for foreign producers and governs the dynamics of H},t as follows

T II% T
Zpy = A?MC?YE#Z + apOE; % Zp1i+1 (15)
) ) 1 + TC7t H;’\/f]:[*l TR )
1
* * w=1
Fit Ft+1
Z}Qt - (1 Tt*)AIY;,t 1 + ét + a*FﬁEt *y}ﬁ*lffy; Z}2,t+1 (16)
' Fit
and
L 1
“ U, . N Zrie )"
Hp,f—ﬂ_[ F F2.t

where the real marginal cost for country F is given by

Wt*(l_a)Rf*a
e (1 — o)1= T},

MCf =
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Similarly, the time varying tax on firms’ revenue is affected by ani.i.d shock defined by 1 -7 =

(1-7)el™

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

rency are given by

1—p
1

1
P 1—pn ~——
,’7 ( H7t> _|_ (1 o 77) PHI—;L
St

The aggregate LCP export price indexes are accordingly defined as

_ 1 1 2Lt _ 1 1 e
B - [ﬁ/n () dh] and Pp = [1_77* /n*p(f) df]

- 1—p
Py = and Pp = [77* (StPry) = T+ (1= PL ]

Let us define the following relative prices RERy = % , RERp = SP% and T = & £ Export

margins relative to local sales are denoted RERy = S; 4 and RERp = S P* If there is some

form of international price discrimination, those ratios figure the relative proﬁtablhty 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. Consequently, the inflation dynamics of LCP export prices
for the country H, IT} 71,1+ 1s described by the following three equations:

o
~ -1

S~ * TH,t * H}},t+1 ! S~

Zhig = AtMCtYH,til g + &p BB | | === E—1 % ZH1 441 (19)
Cit Il
Ty, 1T =
= Hit+1 =
Zioy = (1= 7)Yy, 117 RERHt + apfE, 7ﬁ*7FH1 75 22441 (20)
n L

T " Z* I-»

l=ap | ————— = Htl 5 +(1—ap)|p Nfl’t (21)
HH? 1H " ZHZt

LCP export price inflation for country F, I ;, is given by the equivalent formulation:

o

ﬁF,t-H L
+ apBE, (W) ZF1t41 (22)

Zp1p =N MC}Ypy——
1 r
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- T - I w1
Zpos = (1= 71)AYp—t RERp, + anfE, <$> Zrosi1 (23)

1+ Tat ﬁ’}}éﬁ*l_'YH
. - ~ 1
IIpe et Zrig )"
l=apg | —=7—= +(1-ag)|p="> (24)
(H}fgln ! ”H> Zpay

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

country. Aggregate capital labor ratios are therefore given by

’U)tLt _ 1—a (25)
Rfuth_l (67
and .
wy Ly _ l-—a (26)
RFuK; a

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 specified 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 differ-
ence between actual and flexible-price output. Such reaction functions also incorporate a 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:

Ty = pri—1 + (L —p) [rrm—1 + 1yzi—1] + rar AT + 1Ay Az + log (615) (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, =Cy+ I, + GC + @ (w) Ky (28)

Y =Cf + I + GeS* + & (u)) K, (29)
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where K; and K are the aggregate capital stocks.

Aggregate productions verify:

Zy = el (K1) (L)' = Q (30)

Zi = 5t (U;tk ;—1)a (L;:k)lia —Q (31)

where L; and L} are the labour input.

Market clearing conditions in goods markets lead to the following relations:

—£ * * T;‘t ¢ *
2= il (T Vit (1= ) i () ®
t
Z7 =i N (The) Y7+ (1= n0) Apy (TT) Y (33)

where Ay, = [} (Mh) T, Ao = Jo (B2) T dn, Ape = Jy () “14f and

Pp ¢

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

o K
Z Tt II net
Apy=(1—oag) <H%> +agAgi—1 (ﬁ) (34)
H2,t HHt 1H
o n iy
Zx —1 I H
Apy= (1 —ap) | nzs +ap A | = (35)
2y N HFf 1H F
A?—Lt =nApt+(1—n) AT‘I,t (36)
- 7 ~ iy
A * ZHL o * Ak HE»
Ay =(1-aF) (H = t> +apAy ﬁ (37)
H2,t HH,t_1H
Apr=n"Ap; + (1 —1") Apy (38)
kB K
: B\ i
Apy=(1—ap) (M ~H17t> +agArp; (ﬁ) (39)
H2,t F,tqH
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Equilibrium in the bond markets implies that Br; + B}‘;’t =0and B + B}‘ﬁ = 0. Moreover,
the net demand for bonds emanating from agents in country H is given by

* *
S¢Bry By SiBri1  Bhu

P,R; PR, P P,

T*

Ty Yirg + RER, 21V, — Y, (40)
+1gtYms + t T THt t

t
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
foreign 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.

Let us define the current account of country H as

CA, — Sy (BF,t — BF,tfl) (B}({,t o B}k{,t—l)
T P,R; PR,

Some relative prices have finally to be defined as a function of stationary variables. First, the
four inflation rates for export prices and local sales prices determine three relative prices: two

relative export margins for LCP producers and interior terms of trade for country H.

I3, (1+ AS))

RERp; = RER{ 1 (41)
’ ’ Mp
RERp; = RER D (42)
Fit H,t—lH},t 1+ AS)
II
Ty =T, 1 H[Zi (43)
The following variables are deduced from the previous three relative prices.
N
RERp: = [77 +(1—n) RER}{,t“] (44)
N b
RERp; = [n +(1—mn) RER}%“] (45)
T,
Ty = 46
t  RERpy,RERp, (46)
_1
TH,t = |:7”Lt + (1 — nt)Ttlig} et (47)
1
Tiy = [ni + (1 —n) T (48)
T*
RER, = RERy Ty 4~ (49)

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

. RERp,  Hpy

= 50
Bt RERps 1 (1+ ASy) (50)
RERp;
Op; = ———1II%, (1 + AS 51
Fit RERF,tfl Fit ( + t) ( )
T

T, = 0 Ty e8P (52)
THi—1

I = — e (53)
Fit—1

The shock we have introduced on CPI inflation can be related to the timy-varying consumption
tax by % =PI However, given the empirical and normative analysis at the core this
paper, the plausible nature of CPI inflation volatility that could be explained by those shocks
(like oil and non-oil commodity prices shocks for example) may not be associated with the dis-
tortionary impact associated with the consumption tax described in this model. Consequently,
in the rest of the paper, we assume that the shocks {77 and £{'7/* have no supply side interac-
tions 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
Wes = fol 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 el L
o J L Nl—oc _ +7 1+0; . B )
Wi = EtjEOﬁ [1 - (Cirj —7Ci-144) . Ly A | €5

where we defined the wage dispersion index as
(Itoy)pw
1 —_— v/
Wt (h) ) paw—1
Ayt = / <— dh
As for the price dispersion index, we can show that

(1+<71)Hw Hw(1+01)

I i —1 (1+01)Hw Hw _W
At = Ayt ( i ‘ + (=) w, | gt (54)

w1 Hfﬁlﬁlf&v 2t
The welfare for country F' is determined by the analogous relations.

2.10 Competitive equilibrium

The competitive equilibrium is a set of stationary 28 processes for country H, u:, Q¢, It, Kz,
Rzlf/ Yt/ Zt/ Ct/ At/ Lt/ Mct/ Ht/ HH,t/ AH,t/ ZHl,t/ ZH2,t/ H*Hﬂg/ Hj‘itl Aj'it/ Z}k{Lt/ 21*{27,5/ wt, Hqiu,t/
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HY4, A}Lt, Brt, Ay i, Ri, as well as the analogous 29 processes for country F|, 9 relative prices
RERyy, RERpy, RERy,, RERpy, RER,, T, T}, Ty,, Tj, 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, s,’f‘, efg , e,{ , etG , etL, st , ef , 5? , 55, with
the analogous shocks for country F', the additional open-economy exogenous stochastic pro-

CPI CPI _AS _A
*/ et 7 et 7 et "

cesses &; , the common factors FA, Ff, FCP!, FE, and initial conditions for

country H, C_y, Iy, K_1, Ag 1, A*H,fl, g1, H?{,qr Ay,—1, w-1, analogous initial condi-
tions for country F, and RER H.—1, RE~RF7_1, T ,.

211 The Ramsey formulation of optimal monetary policy cooperation

As in Schmitt-Grohe and Uribe [2005], we assume that the monetary authorities have been op-
erating 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 op-
timality 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

Wwortd,o = Wa,0 + Wrp

subject to the competitive equilibrium conditions (1)-(10) and their analogous for country F,
and the conditions (11)-(26), (28)-(54) and the analogous of (54) for country F, ¥Vt > —oo, given
exogenous stochastic processes and the initial values of the variables listed above dated ¢t < 0,
as well as the values of the Lagrange multipliers associated with the constraints listed above
dated t < 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,

We used DYNARE to estimate the model.

Working Paper Series No 884
March 2008


http://www.cepremap.cnrs.fr/dynare

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 optimal
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 in-
tuitions provided by the theoretical literature.

Thereafter, country H represents the US and country F, the euro area. Concerning the struc-
tural 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:

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

el*), public expenditures (5, €5, consumption preferences (¢, ¢#*) and relative home
bias €2

(b) Inefficient shocks: i.i.d. shocks on PPI markups (¢/, /"*), CPI markups (e€PT, £PI¥) Tabor
market markups (¢}, €}V *), Tobin’s Q (etQ, etQ*) and UIP (¢29).

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

Since the two-country framework is supposed to encompass the macroeconomic interactions
between the US and the euro area in the world economy, correlations in the structural 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 ( CPIy and
monetary policy shocks (f/?), which were selected on the basis of their significance in explain-
ing economic fluctuations and the implied marginal data density.

3.1 Data

Compared with the closed-economy version of the model that has been estimated for the US
and the euro area separately by Smets and Wouters [2005], the two-country framework em-
bodies 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
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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 ﬂ)‘e) (1 - >‘e)
Ae

e; = PErer s + (U —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 di-
viding 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 men-
tioned, 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
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 (pa,as) 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 2

*The correlation between the home bias shock and EA government expenditures is introduced by adding a
term pan,cer™ in the AR(1) of the EA government spending exogenous. The correlations with the UIP shock are
introduced by adding multiplicative terms like (¢;*)°4:245 in the risk premium exogenous £;*°
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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

1-7
output in steady state are respectively 0.65 and 0.18.

state, the fixed cost is set at () = <L: - 1) Y. Shares of consumption and investment in total

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
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 parame-
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ters and choose uniform priors for the intratemporal elasticity of substitution, the parameters
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 likelihood speak” about the
effective openness ratio in this reduced form model of the international linkages 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 Posterior 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 preference parameters also differ between the US and the euro area. The intertempo-
ral 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 asymmetries
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 inflation in the
policy rules are poorly identified (see Figure 3). But overall, the degree of asymmetry 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 im-
portant 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

*The joint posterior distribution of the model’s parameters was obtained by running three independant MCMC
(more specifically the random walk version or Metropolis-Hastings algorithm) of 3200000 simulations. To get rid
of the effects of the initial conditions we discarded, for each chain, the first half of the simulations (so that all
the statistics and plots presented hereafter are obtained using 4800000 draws in the posterior distribution). The
convergence of the MCMC was assessed using the convergence criteria proposed by Gelman and Rubin [1992]. The
codes and MCMC simulations are available upon request.
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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
literature frequently uses unitary assumptions in order to improve the tractability of the the-
oretical analysis. However, empirical studies on international trade, generally obtained with
disaggregated 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
models, 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 interna-
tional transmission: 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 sophisticated 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 non-informative prior 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 gen-
erate an unstable equilibrium 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 parameters 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 eco-
nomics. In this paper, imperfect pass-through is achieved through a combination of nominal
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 would hold.
In our benchmark setting, we estimate the share of PCP and LCP firms (given by the param-
eters n 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
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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 be-
tween 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 (xags) 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 ra-
tio around 6%. Alternatively, we estimated a model keeping the steady state openness ratio
fixed at 10%. Overall, this restriction deteriorates considerably the performance of the model
as the likelihood function decreases strongly (estimation not reported here). The intratemporal
elasticity of substitution is then much lower at 0.6. The exchange rate pass-through is also es-
timated to be lower and asymmetries between the US and the euro area are more pronounced
as only 26% of EA firms are PCP against 88% in the US.

Finally, the correlations we allowed between the structural shocks and the UIP shock were re-
tained for US productivity shocks and for both US and EA government spending shocks. In
each case, the correlation amplifies the reaction of the exchange rate: the exchange depreciates
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more after the productivity shock while the appreciation induced by the government expen-
diture shock is larger. Regarding the correlation between the home bias shock and the EA
government spending shock which we introduced to control for the introduction of the total
US current account instead of the bilateral one, the posterior estimate comes out relatively high
and well-identified (see Figure 2). This will partially break the asymmetry of the propagation
of the home bias shock which pushes the output in opposite directions in the two countries.

We now turn to the analysis of the optimal monetary policy cooperation using the estimated
parameters and disturbances.

4 Optimal monetary policy cooperation between the US and the euro
area

4.1 Accounting for the zero lower bound

The Ramsey approach to optimal monetary policy cooperation is computed by formulating
an infinite-horizon Lagrangian problem of maximizing the conditional expected social wel-
fare subject to the full set of non-linear constraints forming the competitive equilibrium of the

model. The first order conditions to this problem are obtained using symbolic Matlab routines.

As it is common in the optimal monetary policy literature of closed-economy models (see for
example Khan et al. [2003] and Schmitt-Grohe and Uribe [2005]), we assume a particular re-
cursive formulation of the policy commitment labelled by Woodford [2003] as optimality from
a timeless perspective. This imposes that the policy rule which is optimal in the latter periods is
also optimal in the initial period and avoids the problem of finding initial conditions for the
lagrange multipliers, which are now endogenous and given by their steady state values. The
Ramsey approach to optimal monetary policy in an open economy context has also been stud-
ied for example by Faia and Monacelli [2004].

Since we are mainly interested in comparing the macroeconomic stabilization performances of
different monetary policy regimes within a medium scale open economy framework including
a wide set of shocks and frictions, we assume a fiscal intervention, namely subsidies on labor
and goods markets, to offset the first order distortions caused by the presence of monopolistic
competition in the markets. This ensures that the steady state is efficient, and that the flexible
price equilibrium is Pareto optimal. Note that those constraints can easily be relaxed with our
approach but are imposed in order to better understand the stabilization properties of the op-
timal policy.

From an operational perspective, we have to face the issue that the zero lower bound is an
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occasionally binding constraint. To avoid high probabilities of hitting the zero bound under the
Ramsey allocation, we thus follow Woodford [2003] by introducing in the households welfare

for each country a quadratic term penalizing the variance of the nominal interest rate:

00
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where A\r and )} are the weights attached to the cost on nominal interest rate fluctuations.
Instead of fixing this parameter to match a particular value of the probability to hit the zero
bound, we pragmatically choose calibration of those parameters so that, under the operational
optimal monetary policy coordination, the unconditional variance of the nominal interest rates
are close to the ones obtained with the estimated rules. The penalty needed to achieve those
standard deviations is substantially higher in the US than in the euro area. Under this as-
sumption, the probability to hit the zero bound is reasonably low, even for a zero steady state
inflation which implies that the steady state real rate is more than three times the standard de-
viation of the interest rate. Note that with the indexation schemes introduced in the price and
wage settings, the Ramsey steady state is consistent with any level of inflation rate.

In the following we constrain accordingly the volatility of the policy instruments so as to make
the optimal monetary policy cooperation operational. Table (4) shows that beyond reducing the
fluctuations of the policy instruments, the penalization for interest rate volatility in the welfare
function is not affecting strongly the variance of output components and inflation in the opti-
mal allocation. The same conclusion would hold by analyzing the respective impulse responses
and variance decompositions under both policy regimes. Consequently, the operational feature
that we implemented in the Ramsey allocation is sufficient to maintain the fluctuations of the
policy rates within reasonable ranges but does not seem to deteriorate significantly the do-
mestic stabilization properties of the optimal policy. However, the standard deviation of the
nominal exchange is significantly reduced in the constrained optimal monetary policy cooper-

ation.

4.2 Welfare calculations

In each country, we compute the fraction of consumption stream from alternative monetary
policy regime to be added (or subtracted) to achieve the reference level corresponding to the
steady state allocation. That is, for example in country H, we measure the welfare cost in

percentage points, wel farecost = ¢ x 100 , by solving for 1 the following equation,
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which gives
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Table (4) reports conditional welfare measures relative to the steady state allocation. First,
we can observe that the total welfare is only slightly reduced when imposing the operational
constraints. In terms of country-specific welfare costs, they are similar with constrained and
unconstrained policies for both countries but the deterioration in welfare is more pronounced
in the US than in the euro area. This is due to the relative size of the weights which have been
introduced. The penalty for the US has indeed to be twice as large as for the euro area to bring
down the volatility of the policy rate. Overall, even if the volatility of the instruments is highly
constrained, monetary policy is still effective in improving the welfare of agents.

In Table (4), we investigate the implications of the shock structure for the optimal allocation.
With all the shocks present, the welfare costs of business cycles under the optimal policy rep-
resent respectively 2.5% and 2.7% of euro area and US steady state consumption. The corre-
sponding costs under the estimated rules increase by 0.5 percentage point for the US and by 2
percentage points for the euro area. When only efficient shocks are allowed, the welfare cost of
fluctuations are less important, around 0.2% for the US and 0.5% for the euro area. In this case,
note that the policy instrument penalties have a negligible impact on welfare and variances,

except for interest rates and exchange rate.

This clearly points to the need of strongly motivating the inefficient structural shocks intro-
duced in the model. Most of the empirical literature relied on markup shocks which in practice
act as residuals for the first order approximation of the supply curves. But the normative im-
plications of those estimated sources of inefficient fluctuations are dramatic. In our study, we
observe that the operational constraints on the policy instruments are powerful to bring back
macroeconomic volatility relatively in line with the optimal allocation obtained by imposing

steady state subsidies. Analysis of impulse responses supports this claim.

In the following sections, the optimal policy will refer to the modified Ramsey allocation and

will be compared with the estimated rules across several dimensions.
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5 International business cycles under estimated and optimal mone-
tary policy

This section analyzes the business cycle properties and its fundamental sources under the es-
timated policies and the optimal monetary policy cooperation within the benchmark model
estimated in section 3.

5.1 Comparison of second-order moments

First, we compare selected moments implied by our estimation with those from the actual data
and from the optimal allocation (see Table (5)). In doing so, we use both detrended and HP-
filtered data. With a detrending procedure, the estimated model delivers higher volatility of
real variables than in the data. In this respect, applying an HP-filter helps the estimated model
to match those standard deviations. In the optimal allocation, the volatility of real variables
is higher than in the estimated model with both filtering methods. Regarding prices, the esti-
mated model generates slightly higher inflation volatility than in the data. Compared with the
estimated rules, the optimal policy implies much smaller variances of PPI inflation rates and
to a lesser extent, CPI inflation rates. Those features of the optimal allocation are similar to the
results of Adjemian et al. [2007] which studied the optimal monetary policy in an estimated

closed-economy model of the euro area.

Turning to the nominal exchange rate, the standard deviation in the estimated model is very
close to the one observed in the data. Even if the constraints imposed on the fluctuations of
the policy instruments for the optimal policy are set to ensure that the standard deviations of
interest rates are similar to the ones obtained with the estimated rules, exchange rate volatility

turns out to be significantly higher in the optimal allocation.

Cross-country correlations of output and consumption in the estimated model are positive
but lower than in the data (with HP-filtering increasing significantly the correlation of out-
put across countries in the estimated model). In contrast, the optimal allocation implies neg-
ligible co-movements between output of both countries. This is true for both detrended and
HP-filtered data. On consumption, the optimal monetary cooperation implements degrees of
correlation which are closer to the ones generated by the estimated model. While stylized
NOEM models find it difficult to match the observed negative correlation between the real ex-
change rate and relative consumption across countries, our more general setting with various
shocks accounts appropriately for this feature. The correlation between relative consumption
and the real exchange rate is less negative in the optimal allocation than in the estimated model
when using detrending procedures. With conventional HP-filtering, this correlation even turns
positive showing that the optimal policy tries more than the estimated rules to counteract the
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imperfect risk sharing. We will come back to this point later.

Finally, regarding the asymmetries between the US and the euro area, we observe that the dif-
ferences between the optimal cooperation and the estimated rules are much more pronounced

for the euro area.

In order to explain those results, we will first try to illustrate how the sources of economic
fluctuations under both monetary regimes affect the variances and covariances described pre-

viously.

5.2 Shock decomposition of moments

Table (6) presents the shock decomposition of unconditional variances under the estimated
rules and the optimal policy. For comparison purposes, the specific and common shocks on
policy rules have been subtracted from the estimated model. Tables (7) to (13) also report se-
lected conditional moments at various time horizons.

Regarding activity, the contribution of labor market shocks to the variance of forecast errors
on output is much higher under the optimal policy, especially over the short to medium term.
In particular, in the optimal allocation, the combination of the labor supply and wage markup
shocks accounts for around 80% of the forecast errors at a two years horizon for the euro area
and 70% for the US, compared with 7% and 10% respectively under the estimated rule. Con-
versely, the relative contributions of demand shocks, price markup shocks and equity premium
shocks are higher with the estimated rules up to a two-year horizon. The productivity shock is
more important under the optimal policy at a below-two-year horizon but less beyond.

As far as international spillovers are concerned, note first that the estimated model implies
a relatively low transmission of domestic shocks from one country to the other. In terms of
shock decomposition of theoretical variance (see Table (6)), foreign shocks contribute only to
1% of aggregate fluctuations for both countries in the long term?. De Walque et al. [2005] also
report very moderate spill-overs in their estimated models for the US and the euro area. At a
below-two-year horizon, the contribution of foreign shocks in the estimated model is higher:
the contribution of non-domestic shocks in the short-term (1 to 2 years) is close to 13% for both
countries, of which one fourth comes from the spill-overs of domestic shocks of the foreign
country. The relative contribution of the shocks form the foreign country to domestic fluctu-
ations is significantly lower at a 1-to-3-year horizon under the optimal policy. The optimal

policy is substantially muting the short-term spill-overs from open economy shocks and com-

*Note in addition that the role of foreign shocks in domestic fluctuations would even be lower without the
estimated correlations with the UIP shocks.
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mon factors. Overall, at all horizons, non-domestic shocks represent less than 5% in the optimal
allocation.

Regarding prices, the optimal monetary cooperation is significantly limiting the impact of ef-
ticient shocks on inflation forecast errors. While efficient supply shocks account for 60% and
45% of US and euro area inflation variances in the long run under the estimated rules, this
share is reduced to less than 10% for both countries under the optimal policy. Price markup
shocks (PPI and CPI) are the main source of forecast errors in the very short-term with the esti-
mated rules but its contribution rapidly decreases at longer horizon. Under the optimal policy,
price markup shocks explain more than 80% of forecast errors at all horizons. Turning to non-
domestic shocks, the relative contribution of the UIP shock to the CPI inflation rates is similar
under both policy regimes while the role of the home bias shocks is higher in the optimal allo-
cation. Regarding the international spill-overs, the optimal policy increases the contribution of
foreign shocks in particular through a stronger transmission of the common CPI markup shock
and to a lesser extent, of labor market shocks.

Concerning the nominal exchange rate, the UIP shock and the home bias shock explain around
70% of the fluctuations at all horizons under the estimated rules, compared with less than 60%
in the optimal allocation. The home bias shock plays indeed a key role in exchange rate fluc-
tuations through its strong impact on the current account dynamics and subsequently, on the
UIP risk premium®. Moreover, the optimal monetary cooperation is increasing the contribution
of labor market shocks, preference shocks and to a lesser extent, price markup shocks whereas
the role government expenditure shocks is reduced. We will come back on this point when
analyzing the impulse responses.

We now turn to the shock decomposition of selected covariances at different time horizons.
Regarding the cross-country covariance of output, the conditional covariance under the esti-
mated rules is positive at all horizons and increases continuously. Under the optimal policy
the covariance is negative below two years but turns positive and increases afterwards while
remaining much lower than under the estimated rules. The optimal monetary cooperation re-
inforces the negative spill-overs of labor market shocks, generates a negative transmission of
euro area preference shock, and limits the positive transmission of public expenditure shocks.
At the same time, the contribution of UIP and home bias shocks as well as of the common
productivity shock is higher in the optimal allocation. The shock decomposition of conditional
covariance of consumption across countries is relatively similar under both policies. In partic-

We also estimated a version of the model dropping the current account from the set of observed variables and
eliminating the home bias shock. Doing so, the share of exchange rate volatility explained by the open economy
shock is reduced to less than 40% and around two thirds when removing the correlations of structural shocks with
the UIP residual.
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ular, the only shocks inducing negative covariance are the preference shocks, the UIP and the
home bias shocks.

Turning to the conditional correlation between relative consumption and the real exchange rate,
those shocks are also the main negative contributors and can help explaining the consumption-
real exchange rate anomaly (see Chari et al. [2002]). Under the estimated rules, the covariance is
negative at all horizons while under the optimal policy, the covariance is first positive and turns
negative beyond the 5-year horizon. This difference is partly explained by the less negative
contribution of the home bias shock and more positive contributions of labor market shocks at

horizons below three years under the optimal monetary policy cooperation.

5.3 Selected impulse responses

Figures (5) to (18) show the median impulse response functions and the density intervals cov-
ering 80% of the posterior distribution. The comparison of impulse responses between the
estimated rules and the optimal policy complement the analysis of the previous section and
gives a better interpretation of the resulting changes to international spillovers and exchange

rate adjustment.

Positive efficient supply shocks raise the natural output of the domestic economy, creating a
slack in resource use, and call for real depreciation in order for demand to absorb the excess
supply. Both monetary regimes accommodate those shocks in the source country by decreasing
interest rates. Exchange rate overshoots, depreciating on impact and then gradually appreci-
ating. Current account increases as the relative price effect overcomes the income effect. Spill-
overs to the foreign economy of those shocks is a priori ambiguous with conflicting relative
price and income effects. Note that, due to a high degree of home bias, the "Marshall-Lerner”
condition holds even if the intratemporal elasticity of substitution is close to one. However, as
trade volumes react immediately to relative prices, the current account does not exhibit J-curve
profile after a relative price shock. Adding adjustment costs on trade flows would circumvent
this drawback. However, as our model is not estimated on trade data, not incorporating this

additional friction should not alter significantly the performance of the model.

Regarding positive productivity shocks first, the optimal allocation generates, in the source
country, a stronger and faster response of real variables and real wage while the downward
pressures on prices are much more limited. The associated interest rate path is more accom-
modative in the short term but reverts very rapidly to its initial level. Notice that over longer
horizons, the response of real variables becomes significantly closer in both monetary regimes.
The difference in transmission between the optimal and the estimated polices is much less pro-
nounced for the US. The nominal exchange rate depreciates more strongly on impact in the
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optimal allocation but appreciates more sharply afterwards. In the US case, the estimated cor-
relation of the productivity shock with the exchange rate risk premium is reinforcing the initial
depreciation. Spill-overs on activity and hours are negative and stronger but more short-lived
in the optimal case. On consumption, investment and interest rate, the spill-overs are positive.

Another efficient supply shock in the model is the labor supply shock for which the differ-
ences highlighted above turn out to be much more pronounced. The timely and hump-shaped
decrease in interest rate in the source country under the optimal policy stimulates output, con-
sumption and investment while leaving quasi unchanged inflation and real wages. By contrast,
the estimated rule is not supportive enough to prevent a decrease in real wage and inflation in
the source country. The two monetary regimes are therefore quite different in terms of ex-
change rate and international spill-over, with a much sharper depreciation in the optimal case,

a stronger increase in the current account and a higher negative transmission in the short-term.

Positive efficient demand shocks like preference and public spending shocks increase the out-
put gap and require a real appreciation so that lower external demand counterbalances excess
domestic demand. Monetary policy in both regimes appear to lean against these shocks by
increasing interest rate in the source country. Exchange rate overshoots, appreciating on im-
pact and then gradually depreciating. Current account records a deficit given that both relative
output and relative price effects worsen the external position.

After a positive preference shock, the increase in consumption in the source country is more
limited under the optimal policy and the contraction in investment is stronger. The apprecia-
tion on impact of the nominal exchange rate is more pronounced in the optimal policy but more
short-lived. Similarly, the current account decreases more in the optimal policy on impact but
then rebounds more rapidly. Overall, GDP remains below the baseline in the short term for the
euro area under the optimal policy whereas it increases first in the US. PPI Inflation rates and
real wages are almost fully stabilized in the optimal policy and the short-run volatility in CPI
inflation rates is mainly due to exchange fluctuations. Under the estimated rule, the preference
shock is expansionary on GDP and upward pressures emerge on real wages and inflation. In
terms of spill-overs, the preference shocks induce a negative transmission to foreign consump-
tion in the short term and an appreciation of the real exchange rate under both policy regimes.
Such shocks are therefore helpful in explaining the consumption-real exchange rate anomaly and

would still contribute to do so with perfect risk sharing.

Differences between the two policy regimes are less pronounced for the other efficient shocks
affecting demand components. The responses in the source country of GDP, consumption,
investment and real wages to an investment shock or a government spending shock are rela-
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tively similar under the optimal policy and the estimated rule, deviations from baseline being
somewhat more pronounced with the estimated rule. The exchange appreciation and the dete-
rioration of the external accounts are also very close. However the endogenous price pressures
in the source country are much more muted in the optimal allocation. While after a prefer-
ence shock, the international transmission on foreign activity is positive with the estimate rule
but could be either sign with the optimal, the spill-overs after the other efficient shocks on
demand are clearly positive with both monetary regimes and both countries but significantly
more short-lived with the optimal policy. Ex post demand multipliers on economic activity be-
tween the US and the euro area are close to 0.1 with the investment specific technology shocks
and 0.2 to 0.4 with the government expenditure shocks.

Considering inefficient shocks, the transmission of price markup shocks to activity and prices
in the source economy is not strongly different under both monetary regimes, suggesting sim-
ilar inflation (prices and wage)/output tradeoff for this type of shock. The optimal policy is
nonetheless achieving a slightly smaller contraction of real variables and a significantly lower
path of the policy rate in the source country. With the estimated rule, the nominal exchange
rate depreciates slowly for two years and the current account decreases slightly as the impact of
the cost-push shock on competitiveness dominates in the short run. Under the optimal policy,
the depreciation is stronger so that the fluctuations of the real exchange rate and the current
account are marginal. In terms of spill-overs, the transmission of the price-markup shock is
negative on real variables and positive on inflation under the estimated rule while the interna-

tional transmission is quasi-neutral in the optimal allocation.

In the case of wage markup shocks, the optimal policy implies a very different stabilization
pattern compared with the estimated rules. The optimal policy is much more restrictive in the
source country, delivering much lower activity variables and more stable PPI inflation rate.
Contrary to the price-markup case, the nominal exchange rate is strongly appreciating under
the optimal policy and the current account decreases in the short-term. The international trans-
mission of the shock is significantly negative on activity in the short-run under the optimal
policy while it is negligible under the estimated rules. Note that the dynamic response to this
shock presents some similarities with the labor supply shock expect for the real wage path. The
efficient labor market shock does not require an adjustment of the real wage and such strong
stabilization has no welfare cost. With the wage markup shock however, the distortive nature
of the fluctuations implies that the optimal policy allows some significant pass-through on the
wage dynamics.

The UIP shock leads to a strong appreciation of the nominal exchange rate on impact and a
sharp deterioration of the current account. Under both policy regimes, the appreciation is ac-
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companied by a decrease in home interest rate and an increase of a similar magnitude in the for-
eign country. Over the first quarters, home output contracts and foreign output expands while
home domestic demand increases and foreign domestic demand drops by a similar amount.
This strong asymmetry is present with both the optimal and the estimated policies. However,
the response of output is more short-lived in the optimal allocation and the inflation rates are
better stabilized. The home bias shock is equivalent to a fully asymmetric world demand shock,
when we abstract from the correlation with the euro area government spending shock that we
introduced for the estimation. In that case, as for the UIP shock, in one country the current
account increases, output expands, interest rate rises and domestic demand contracts while
macro variables in the other country mirror these developments on the negative side. How-
ever, compared with the UIP shock, the exchange rate appreciates for the country experiencing
the net-trade expansion. Those properties are true for the two policy regimes but the optimal
cooperation stabilizes more rapidly the real variables and the inflation rates. Note therefore
that the UIP and the home bias shocks have both a strong impact on the exchange rate and
the current account but imply a correlation between those two variables of opposite sign. Mix-
ing UIP and home bias shocks can generate “exchange rate disconnect “as they have similar
impact on exchange rate but opposite impact on current account. The differences between the
two policy regimes in the transmission of the home bias shock are amplified when accounting
for the correlation of the euro area government expenditure shock. In the estimated model, the
international transmission on output for example is still negative but muted while the optimal
policy generates a positive correlation of activity across countries.

6 Sensitivity analysis

In this section, we perform a sensitivity analysis concerning some of the previous results and
explore in particular the effects on welfare and second-order moments of the incomplete mar-
kets and international price setting. As illustrated by Darracq Paries [2007] within a much sim-
pler modeling framework in which explicit solutions for the optimal policy can be obtained,
the typology of the structural disturbances is also a key factor affecting the optimal allocation.

First, comparing the perfect risk sharing and the imperfect risk sharing cases of Table (14), we
see that the welfare loss of incomplete financial markets, as specified in the estimated model,
is around 1 percentage point of welfare costs for both countries when all the shocks are in-
troduced (except the UIP shock which would be less consistent with the perfect risk sharing
specification). In that case, compared with the benchmark parametrization (which is close to
the PCP case), imposing the LCP for exporters reduces the welfare losses associated with the
imperfect risk sharing. Regarding the welfare effect of the LCP assumptions, it reduces only
marginally the aggregate welfare and can be beneficial to one country. For example, under
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perfect risk sharing, the US welfare cost is 1.9% in the benchmark model and 1.8% in the LCP
case. All those welfare properties extend qualitatively to the case where only efficient shocks

are introduced but the welfare levels and differences are negligible.

Turning to second-order moments, the imperfect risk sharing and LCP have a marginal im-
pact on inflation volatility. With both set of shocks, perfect risk sharing slightly reduces the
standard deviation of inflation rates by 0.01 and the LCP assumption decreases by the same
amount the volatility of CPI inflation rates leaving the standard deviation of PPI inflation al-
most unchanged. Regarding real variables, one common feature is the slight increase in out-
put volatility under perfect risk sharing compared with the imperfect risk sharing case. Fi-
nally, the volatility of the nominal exchange rate is higher under LCP. Under our benchmark
parametrization with a very high home bias, higher exchange rate fluctuations are needed to
promote efficient adjustments in the real exchange rate despite the welfare costs associated
with the failure of the law-of-one-price. The introduction of perfect risk sharing reduces the
volatility of the nominal exchange rate when all shocks are present but it increases when only

efficient shocks are allowed.

Actually, in order to explore further the role of key international parameters on the optimal al-
location, we conducted a simple sensitivity analysis on the second order moments of inflation
rates, output gaps, consumption gaps (defined as the log-difference of a real variable with its
flexible price and wage equivalent) and the nominal exchange according to different values of
the home bias (n), the price elasticity of trade (§), the share of PCP producers (n and 7*). The
ranges of values considered are meant to cover the potentially plausible outcomes of an esti-
mation exercise. Table (15) presents the results in the benchmark specification and Table (16)

produces the same analysis under perfect risk sharing °.

Let us consider first the results under perfect risk sharing. Regarding the intratemporal elastic-
ity of substitution &, the volatility of the nominal exchange rate is a decreasing function of { in
all configurations. PPI and CPI inflation standard deviations are also decreasing with £ while
the standard deviations of consumption gaps are increasing. With respect to the home bias, in
most cases, the exchange rate standard deviation is increasing with n. Even if the relation is
not monotonic with our sensitivity ranges, the inflation volatilities are in general decreasing
with the degree of home bias except under LCP for the euro area. The standard deviations of
consumption gaps are decreasing with n. For the output gap volatility, the only monotonic
relation for the range of values of Table (16) concerns the negative impact of higher degree of

%In the perfect risk sharing model, we allowed for an exchange rate shock affecting the perfect risk sharing
condition so that when differentiating this relation and taking one lead, we obtain the same residual shock as in the
UIP relation of the benchmark model.
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home bias. Finally, given values for £ and n, the exchange rate volatility is not monotonic in the
degree of pass-through 1 and n*: for low values of { and n, the volatility is higher under PCP
than under LCP while for higher values of £ and n, the reverse is true. Concerning the inflation
rates, the PCP assumption delivers higher CPI inflation volatility than under LCP. The standard
deviations of consumption gaps are increasing with the share of PCP exporters and in relative
terms, a lower share of PCP producers decreases the consumption gap volatility compared
with the output gap volatility. Those features are related to the results of Darracq Paries [2007]
which shows in particular that under LCP the optimal policy stabilizes CPI inflation rates and
consumption gaps while under PCP, the optimal policy targets PPI inflation and output gaps.
Overall, note that the parameter space used has a very limited impact on PPI inflation volatili-

ties.

When analyzing the analogous results under incomplete markets (see Table (15)), most of the
monotonic properties do not hold anymore. The sensitivity of variances to the open economy
parameters is affected by the cutoff point for £ around which volatilities increase strongly. Dar-
racq Paries [2007] illustrates the implications of financial autarky for optimal monetary policy
cooperation under PCP and highlights the role of such cut-off point on the optimal allocation.
Actually, within the parameter space of our sensitivity analysis, this corresponds to an hyper-
plan which should be investigated numerically. Presumably, the properties identified under
perfect risk sharing seem to extend to the imperfect risk sharing case with values of £ large
enough compared with n. To illustrate this point, Figure (19) shows that the cutoff point seems
to be between 0.3 and 0.5 for the range considered on the degree of home bias and it is an
increasing function of n. Such a singularity in open economy models with imperfect interna-
tional financial markets constitutes an empirical challenge, in particular if one intends to bring
Ramsey-type monetary policy to the data. Moreover, it urges us to carefully think about the
relevance of departing from perfect risk sharing, to the extent that enough shocks and frictions
could be added. In our estimation work, we indeed noticed that a model with perfect risk shar-
ing but including an exchange rate shock as a time-varying wedge on the optimal risk sharing
condition could perform as well as the imperfect risk sharing specification, at least in terms of

marginal data density (estimation not reported here).

7 Concluding remarks

In this paper, we have built on the literature estimating open economy DSGEs in order to ex-
plore within a more operational framework, the normative prescriptions of such structural

models regarding the optimal monetary policy cooperation between the US and the euro area.

Most of the results highlighted by the literature using estimated closed-economy models (see
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Adjemian et al. [2007]), extend to our framework. Beyond this, we explore the international
business cycle properties of the optimal policy and show in particular that international spillovers
are reduced when comparing the optimal monetary policy cooperation with the estimated rules
while nominal exchange rate volatility is increased.

In addition, we explore the sensitivity of some results to the key open economy parameters.
While the international price-setting assumptions do not seem to lead to strong modifications
in the stabilization properties of the optimal policy, financial market imperfections could have
more dramatic consequences and we emphasize the need to carefully think about the relevance

of departing from perfect risk sharing.
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Table 1: PARAMETER ESTIMATES

Shock names A priori beliefs A posteriori beliefs
Distribution Mean Std. | Mode Mean Std. e I
e Uniform 1.000 0577 | 0418 0414 0.041 0.348 0.481
eB Uniform 2500 1.443 | 1.864 2278 0.535 1.444 3.108
e Uniform 3.000 1.155 | 3.312 3.314 0.208 2970 3.651
ek Uniform 0.100 0.058 | 0.009 0.015 0.009 0.004 0.026
el Uniform 3.500 2.021 | 2.842 3.166 1.041 1.458 4.870
et Uniform 0250 0.144 | 0225 0.226 0.017 0.197 0.254
etQ Uniform 6.000 3.464 | 5405 5.222 1.769 2345 8.206
el Uniform 0.500 0.289 | 0.271 0.278 0.024 0.240 0.317
eV Uniform 0.500 0.289 | 0.381 0.386 0.029 0.339 0.434
eSPT Uniform 0.500 0.289 | 0.152 0.152 0.019 0.121 0.183
e Uniform 1.000 0577 | 0.648 0.705 0.082 0.572 0.837
B Uniform 2500 1.443 | 2292 2328 0.383 1714 2941
i Uniform 3.000 1.155 | 2.381 2348 0.168 2.072 2.621
el Uniform 0.100 0.058 | 0.024 0.029 0.007 0.017 0.039
el Uniform 3.500 2.021 | 0.784 0.862 0.277 0.421 1.319
eftr Uniform 0.250 0.144 | 0.115 0.110 0.017 0.083 0.138
e? - Uniform 6.000 3.464 | 7.066 7.202 0.817 5.855 8.542
P Uniform 0.500 0.289 | 0.325 0329 0.023 0.292 0.367
eV Uniform 0.500 0.289 | 0.228 0.225 0.023 0.187 0.262
Pl Uniform 0.500 0.289 | 0.255 0.259 0.019 0.227 0.290
et Uniform 0.500 0.289 | 0.082 0.152 0.042 0.083 0.217
epn Uniform 0.500 0.289 | 0.505 0.484 0.050 0.403 0.562
A Inverse Gamma 0.500 Inf | 0.187 0.212 0.052 0.128 0.294
! Inverse Gamma 0500 Inf | 0.373 0508 0.256 0.144 0.875
il Inverse Gamma 0.500 Inf | 0.111 0.114 0.014 0.091 0.136
P Inverse Gamma 0500 Inf | 0.148 0.151 0.018 0.121 0.180
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Table 2: PARAMETER ESTIMATES

Parameters A priori beliefs A posteriori beliefs
Distribution Mean Std. | Mode Mean Std. T I

PA Beta 0.850 0.100 | 0932 0919 0.032 0.873 0.968
PB Beta 0.850 0.100 | 0.432 0.473 0.089 0.325 0.617
PG Beta 0.850 0.100 | 0.979 0941 0.032 0.892 0.990
pL Beta 0.850 0.100 | 0.969 0.945 0.045 0.893 0.996
pI Beta 0.850 0.100 | 0.677 0.683 0.092 0.531 0.833
DA* Beta 0.850 0.100 | 0.987 0.962 0.018 0936 0.992
PB* Beta 0.850 0.100 | 0938 0.865 0.061 0.779 0.961
G Beta 0.850 0.100 | 0.963 0.948 0.017 0922 0.974
pL* Beta 0.850 0.100 | 0.949 0.930 0.022 0.895 0.965
oI+ Beta 0.850 0.100 | 0.956 0.906 0.062 0.828 0.988
PrA Beta 0.850 0.100 | 0.937 0910 0.052 0.839 0.984
PEI Beta 0.850 0.100 | 0.944 0.868 0.092 0.743 0.985
PFR Beta 0.850 0.100 | 0.513 0.523 0.084 0.384 0.661
el ds Beta 0.850 0.100 | 0.571 0.574 0.091 0.424 0.722
PAAS Uniform 0.000 0.577 | -0.144 -0.225 0.147 -0.390 -0.040
PG,AS Uniform 0.000 0.577 | 0.011 0.027 0.011 0.011 0.043
PAR.G* Uniform 4.000 2309 | 2.749 3.141 0.651 2.035 4.185
PG+ AS Uniform 0.000 0.577 | -0.037 -0.060 0.015 -0.083 -0.035
pPAS Beta 0.850 0.100 | 0.976 0.968 0.019 0941 0.997
PAR Beta 0.850 0.100 | 0.998 0.992 0.005 0.985 0.999
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Table 3: PARAMETER ESTIMATES
Parameters A priori beliefs A posteriori beliefs
Distribution Mean Std. | Mode Mean Std. e Is

oc Normal 1.000 0.375 | 0.824 0.884 0.235 0.500 1.258
oH Normal 1.000 0.375 | 1.907 1.736 0.298 1.233 2.211
h Beta 0.700 0.100 | 0.745 0.755 0.051 0.673 0.839
h* Beta 0.700 0.100 | 0.412 0.479 0.078 0.349 0.600
or, Gamma 2.000 0.750 | 1.666 1.890 0.734 0.744 3.025
o] Gamma 2.000 0.750 | 1.488 1.776 0.686 0.718 2.823
10) Normal 4.000 0.500 | 4410 4524 0452 3.777 5.264
o* Normal 4.000 0.500 | 4.765 4.867 0.437 4.163 5.601
© Gamma 0.200 0.100 | 0.373 0.427 0.128 0.216 0.629
o~ Gamma 0.200 0.100 | 0.765 0.807 0.201 0.479 1.133
Qw Beta 0.750 0.050 | 0.806 0.794 0.038 0.731 0.856
o Beta 0.750 0.050 | 0.816 0.821 0.032 0.769 0.873
Sw Beta 0.500 0.150 | 0.360 0.371 0.123 0.170 0.572

. Beta 0.500 0.150 | 0.238 0.251 0.092 0.100 0.397
Ae Beta 0.750 0.050 | 0.833 0.834 0.014 0.811 0.858
oF Beta 0.750 0.050 | 0.879 0.873 0.016 0.847 0.900
o Beta 0.750 0.050 | 0.928 0.929 0.008 0916 0.943
Yu Beta 0.500 0.150 | 0.677 0.671 0.099 0512 0.831
V5 Beta 0.500 0.150 | 0.349 0.354 0.074 0.230 0.474
n Beta 0.500 0.280 | 0987 0.905 0.075 0.800 1.000
n* Uniform 0.500 0.289 | 0.786 0.776 0.121 0.604 0.989
1S Uniform 3.000 1.732 | 2592 2359 0.564 1.466 3.226
n Uniform 0.850 0.087 | 0.979 0.977 0.005 0970 0.985
X Uniform 0.100 0.058 | 0.017 0.013 0.007 0.001 0.024
XAS Uniform 0.500 0.289 | 0.134 0.147 0.034 0.089 0.202
p Beta 0.750 0.100 | 0.781 0.783 0.024 0.744 0.824
P Beta 0.750 0.100 | 0.840 0.847 0.024 0.809 0.886
T Normal 1.500 0.100 | 1.566 1.577 0.089 1.432 1.723
ry Normal 1.500 0.100 | 1.515 1.497 0.097 1.339 1.658
rAr Gamma 0.300 0.100 | 0.257 0.256 0.051 0.172 0.340
A Gamma 0.300 0.100 | 0.226 0.207 0.036 0.146 0.266
ry Gamma 0.125 0.050 | 0.068 0.082 0.024 0.043 0.119
Ty Gamma 0.125 0.050 | 0.077 0.124 0.046 0.050 0.197
rAY Gamma 0.063 0.050 | 0.191 0.178 0.026 0.136 0.221
Ay Gamma 0.063 0.050 | 0.220 0.206 0.028 0.160 0.252
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Table 4: WELFARE CALCULATIONS: THE ROLE OF SHOCK STRUCTURE AND INTEREST RATE

SMOOTHING

All shocks Efficient shocks
>\R =0 /\R Estimated /\R =0 /\R

subs.  subs. subs. subs.
Standard deviation
US variables
Zy 4.40 4.27 3.82 3.64 3.68
Cy 442 4.37 4.23 3.90 3.92
I 11.40 11.45 10.82 9.77 9.84
wy 1.74 1.76 1.96 1.24 1.25
11, 0.44 0.42 0.54 0.17 0.16
gy 0.37 0.36 0.51 0.16 0.15
R, 6.11 0.52 0.49 1.28 0.27
euro area variables
zZf 6.67 6.62 4.73 6.49 6.48
Cy 5.88 5.81 5.13 5.64 5.62
Iy 16.60 16.65 11.24 16.03 16.07
wy 5.37 5.37 5.02 5.20 5.20
IT} 0.48 0.47 0.76 0.15 0.14
%, 0.35 0.35 0.71 0.12 0.12
Ry 4.03 0.59 0.61 1.08 0.44
AS; 8.21 5.30 4.65 4.13 3.06
Welf. Cond.
Wus.o -2.24 -2.30 -2.65 -0.18 -0.18
WEa,0 -2.15 -2.16 -3.97 -0.47 -0.48
Wworld,o -4.39 -4.46 -6.62 -0.65 -0.66
wel farecosty s -2.62 -2.69 -3.10 -0.21 -0.21
wel farecostp a -2.46 -2.48 -4.55 -0.54 -0.55
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Table 5: COMPARISON OF SECOND-ORDER MOMENTS

detrended HP
data Estimated Optimal data Estimated Optimal

Standard deviation

US variables

7 2.78 3.82 4.27 1.55 1.58 1.84
Cy 2.86 4.23 4.38 1.25 1.18 1.27
I, 7.44 10.82 11.47 4.26 4.15 4.48
wy 2.34 1.96 1.76 0.83 1.03 0.90
11, 0.47 0.54 0.42 0.34 0.40 0.37
gy 0.44 0.51 0.36 0.30 0.34 0.30
R, 0.67 0.49 0.52 0.40 0.33 0.36
euro area variables

VA 2.23 4.73 6.62 1.02 1.16 2.10
cy 2.32 5.13 5.80 0.88 1.20 1.48
If 6.21 11.24 16.64 2.83 3.23 5.01
wy 3.62 5.02 5.36 0.72 1.05 0.79
I 0.50 0.76 0.47 0.33 0.47 0.44
0%, 0.46 0.71 0.35 0.33 0.38 0.32
R} 0.61 0.61 0.59 0.29 0.23 0.41
AS, 4.62 4.65 5.30 4.27 4.38 5.08
CA; 1.15 1.46 1.35 0.51 0.49 0.52
Correlations

Zy, Zf 0.43 0.11 0.00 0.46 0.29 0.01
Cy, Cf 0.16 0.11 0.07 0.31 0.14 0.12
cret, RER, -0.31 -0.35 -0.22 -0.25 -0.12 0.14
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Table 6: COMPARISON OF THE SHOCK DECOMPOSITION OF UNCONDITIONAL VARIANCES

Estimated rules Optimal policy

Zy I, Ry AS, Zp I} R; Zy I, Ry AS, Zp I}y R;
USshocks 917 865 858 112 07 06 19 955 745 893 148 02 10 18
el 110 96 55 28 02 01 04 106 66 52 29 00 02 02
el 503 373 403 08 00 01 02 586 06 45 13 00 01 0.1
el 84 07 149 08 01 00 01 1.7 03 39 04 00 00 00
eB 40 05 84 04 00 00 00 06 01 101 11 00 01 05
e¢ 82 10 55 62 04 04 11 58 10 08 41 01 03 04
e? 14 01 26 01 00 00 00 03 00 22 02 00 00 00
eP 48 255 47 01 00 00 00 09 513 22 04 00 00 00
gCPI 02 70 07 01 00 00 00 00 134 01 00 00 00 00
eV 33 49 33 01 00 00 00 171 12 603 43 00 03 04
EAshocks 1.0 13 48 206 950 927 928 07 29 34 307 988 831 946
et 01 02 06 17 433 317 390 00 01 01 07 209 40 46
el 00 01 04 12 340 288 312 03 08 05 124 695 14 380
el” 00 01 02 06 54 01 34 00 00 00 02 09 01 16
eb” 01 01 05 19 36 39 145 01 03 02 44 35 04 147
¢ 07 08 31 148 22 06 07 02 14 21 89 10 06 01
e? 00 00 00 02 19 00 23 00 00 01 05 01 00 46
eP” 00 00 01 01 36 172 1.0 00 00 00 03 08 478 09
gCPI” 00 00 00 01 09 102 04 00 00 00 00 00 287 01
V" 00 00 00 00 01 02 03 01 02 04 32 21 02 301
Open economy shocks
ghs 06 09 32 138 08 09 28 02 31 36 90 01 07 18
gan 20 12 07 545 06 11 05 06 34 15 455 02 30 08
Common shocks
FA 24 25 20 00 03 04 05 23 15 16 00 05 02 06
F! 14 01 20 00 12 00 11 05 01 03 00 02 00 04
FCePI 09 75 14 00 14 42 04 01 146 03 00 00 121 0.1

ECB

Working Paper Series No 884

March 2008




Table 7: COMPARISON OF THE SHOCK DECOMPOSITION OF CONDITIONAL VARIANCES: EA
GDP
Estimated Ramsey

quarters 1 4 8 12 20 40 1 4 8 12 20 40
USshocks 5.8 4.0 2.8 2.0 1.0 0.5 1.9 0.5 0.2 0.2 0.1 0.1
g4 1.2 0.9 0.7 0.5 0.3 0.1 0.3 0.1 0.0 0.0 0.0 0.0
el 00 00 00 00 00 00 02 01 00 00 00 00
el 05 05 04 03 01 01 01 00 00 00 00 00
eB 04 03 02 01 01 00 04 01 00 00 00 00
@ 34 20 13 09 05 02 04 01 00 00 00 00
e 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ef 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gCFPI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
eWw 00 00 00 00 00 00 05 01 01 00 00 00
EA shocks 873 86.8 863 880 921 954 971 985 98.7 98.8 98.8 989
eA” 1.1 0.8 57 135 25.0 36.9 2.7 52 6.7 82 114 179
el” 0.3 1.4 70 163 309 377 75.3 80.0 80.7 802 780 725
el” 0.0 0.9 4.1 6.9 8.2 6.4 0.1 0.4 0.7 0.8 0.9 0.9
gB” 216 302 237 162 8.2 4.2 0.8 2.3 3.5 3.9 3.9 3.4
eG” 18.7 9.1 6.7 53 3.5 25 6.3 2.0 1.3 1.1 1.1 1.1
e@” 284 174 124 8.8 4.6 2.2 2.2 0.3 0.2 0.1 0.1 0.1
eP” 10.8 205 209 165 9.1 4.3 0.9 1.0 1.0 1.0 0.9 0.8
gCPI” 5.6 6.2 5.6 4.3 2.3 1.1 0.2 0.1 0.0 0.0 0.0 0.0
eW” 0.9 0.3 0.2 0.2 0.2 0.2 8.7 7.1 45 3.4 2.6 2.1
Open economy shocks

ghs 46 32 23 16 08 04 03 01 00 00 00 00
ghn 04 03 03 02 01 03 06 05 03 03 03 03
Common shocks

FA 0.4 0.1 0.1 0.3 0.4 0.4 0.1 0.4 0.5 0.5 0.5 0.5
F! 0.0 0.5 1.4 2.0 2.1 1.4 0.0 0.1 0.2 0.2 0.2 0.2
Fert 1.5 5.0 6.7 5.8 3.4 1.6 0.0 0.1 0.1 0.1 0.0 0.0
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Table 8: COMPARISON OF THE SHOCK DECOMPOSITION OF CONDITIONAL VARIANCES: US
GDP
Estimated Ramsey

quarters 1 4 8 12 20 40 1 4 8 12 20 40
USshocks 81.1 853 871 883 899 0917 86.7 950 957 956 956 958
g4 00 15 73 121 140 116 14 62 98 114 11.8 10.8
el 00 10 75 178 346 49.0 16.3 31.8 413 473 53.6 589
el 85 20.1 217 180 123 8.6 51 52 33 25 20 16
eB 204 208 133 92 59 41 6.7 21 12 09 07 06
G 347 199 143 115 91 84 339 116 67 58 55 58
e 101 64 44 32 21 14 52 11 05 04 03 03
ef 50 139 145 109 70 49 05 14 15 13 11 09
gCrI 1.0 10 07 05 03 02 02 01 00 00 00 00
eWw 1.3 07 33 50 47 34 173 356 314 259 205 169
EAshocks 51 35 22 15 10 07 78 24 12 09 07 06
eA” 01 01 01 00 00 00 02 01 00 00 00 00
el” 00 00 00 00 00 00 32 11 05 04 03 03
el” 01 01 01 00 00 00 00 00 00 00 00 00
eB” 06 04 03 02 01 01 13 05 02 02 01 01
eG” 40 27 1.7 12 07 05 20 05 03 02 02 02
e@” 01 01 00 00 00 00 02 00 00 00 00 00
eP” 01 01 00 00 00 00 00 00 00 00 00 00
gCPI" 00 00 00 00 00 00 00 00 00 00 00 00
W’ 00 00 00 00 00 00 07 02 01 01 01 01
Open economy shocks

gAs 30 20 13 09 06 04 16 04 02 01 01 0.1
ghn 93 56 45 37 28 22 38 08 04 04 04 05
Common shocks

A 02 02 13 23 29 25 00 10 20 24 26 24
F! 01 03 08 12 15 15 01 03 04 05 06 05
FCePI 1.3 30 28 21 1.3 09 01 01 01 01 01 01
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Table 9: COMPARISON OF THE SHOCK DECOMPOSITION OF CONDITIONAL VARIANCES: EA CPI
INFLATION
Estimated Ramsey

quarters 1 4 8 12 20 40 1 4 8 12 20 40
USshocks 0.7 05 04 04 04 05 1.0 09 10 09 09 09
el 02 02 01 01 01 o01 02 02 02 02 02 02
el 00 00 00 00 00 00 01 01 01 01 01 01
el 00 00 00 00 00 00 00 00 00 00 00 00
eB 00 00 00 00 00 00 01 01 01 01 01 01
¢ 04 03 02 02 02 03 03 03 03 03 03 03
@ 00 00 00 00 00 00 00 00 00 00 00 00
el 00 00 00 00 00 00 00 00 00 00 00 00
gCPI 00 00 00 00 00 00 00 00 00 00 00 00
eV 00 00 00 00 00 00 03 03 03 03 03 03
EAshocks 86.3 883 90.8 919 928 93.0 846 825 828 830 831 832
e’ 27 138 203 232 265 31.0 02 22 34 37 38 38
ek’ 29 154 243 283 308 30.1 12 12 12 12 13 14
el” 00 00 00 00 00 00 00 00 00 00 01 01
b’ 02 20 34 39 42 40 03 03 03 03 03 04
¢ 1.0 08 06 06 06 06 06 05 05 05 05 05
eQ” 00 00 00 00 00 00 00 00 00 00 00 00
el” 482 349 262 224 191 170 48.8 477 476 478 480 479
gCPT 31.2 210 157 133 113 10.1 333 304 296 292 29.0 2838
ev” 01 03 03 03 02 02 01 02 02 02 02 02
Open economy shocks
gAs 09 08 06 06 06 08 07 06 06 06 06 06
ghn 21 15 12 11 10 11 33 31 31 30 30 30
Common shocks
FA 01 04 05 05 05 04 00 01 01 01 01 01
FI 00 00 00 00 00 00 00 00 00 00 00 00
FCePI 98 85 64 55 47 42 104 127 124 123 122 121
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Table 10: COMPARISON OF THE SHOCK DECOMPOSITION OF CONDITIONAL VARIANCES: US

CPI INFLATION

Estimated Ramsey

quarters 1 4 8 12 20 40 1 4 8 12 20 40
USshocks 766 813 841 854 864 86.8 748 76.1 764 768 77.0 765
g4 09 87 116 112 103 9.7 02 40 57 55 59 66
el 13 11.8 234 297 349 383 02 04 05 05 05 06
el 00 03 06 07 07 07 001 01 02 03 03 03
eB 00 04 05 05 05 05 00 01 01 01 01 0.1
G 05 04 05 06 08 1.0 03 02 02 02 02 03
e@ 00 01 01 01 01 0.1 00 00 00 00 00 00
eP 52.7 418 320 290 267 250 53.6 54.7 538 547 546 534
gCPI 201 121 91 80 73 68 203 159 151 146 143 139
eW 12 57 62 56 51 48 00 08 08 09 11 13
EAshocks 16 12 11 11 11 1.2 27 22 21 20 20 22
eA” 00 01 01 01 01 0.1 001 01 01 01 01 0.1
el” 00 01 01 01 01 0.1 11 08 08 08 07 07
el” 00 00 01 01 00 00 00 00 00 00 00 00
eB” 02 01 01 01 01 0.1 04 03 03 03 03 03
eG” 12 09 08 07 07 08 08 07 07 07 07 09
e@” 00 00 00 00 00 00 00 00 00 00 00 00

P 00 00 00 00 00 00 00 00 00 00 00 00
gCPI" 00 00 00 00 00 00 00 00 00 00 00 00
ew” 00 00 00 00 00 00 02 02 02 02 02 02
Open economy shocks
ghs 1.1 08 08 07 08 09 09 07 08 08 09 14
ghn 32 20 15 13 12 1.1 41 34 33 32 31 31
Common shocks
FA 04 23 30 29 27 26 02 10 14 14 14 15
F! 00 00 00 00 01 0.1 00 00 00 00 01 01
FCPI 171 123 95 86 78 73 174 166 16.1 159 156 152
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Table 11: COMPARISON OF THE SHOCK DECOMPOSITION OF CONDITIONAL COVARIANCE: US-
EA GDP. The contributions of shocks sum to the conditional covariance.

Estimated Ramsey

quarters 1 4 8 12 20 40 1 4 8 12 20 40
Cov. Cond. 0.10 029 040 046 058 0.78 -0.15 -0.66 -034 -0.06 0.08 0.17
USshocks 0.06 016 017 015 013 0.14 0.01 -0.08 -0.01 0.03 0.03 0.02
el 0.00 -0.01 -0.05 -0.08 -0.10 -0.10 -0.01 -0.03 -0.03 -0.02 -0.01 0.00
el 0.00 0.00 -0.01 -0.02 -0.04 -0.03 -0.02 -0.08 -0.08 -0.07 -0.08 -0.08
el 0.01 0.05 0.08 010 0.10 0.10 0.01 0.02 0.03 0.02 0.02 0.02
eB 0.01 0.04 0.04 0.04 0.04 0.04 0.02 0.03 0.04 0.04 0.04 0.04
¢ 0.04 010 013 014 015 0.15 0.04 0.08 0.08 0.09 010 0.08
@ 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01
el 0.00 -0.02 -0.04 -0.04 -0.04 -0.04 0.00 0.00 0.00 0.00 0.00 0.00
gCPI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
eV 0.00 0.00 000 -0.01 -0.01 -0.01 -0.03 -0.10 -0.05 -0.04 -0.04 -0.04
EAshocks 0.05 013 015 016 017 024 -0.17 -0.67 -058 -047 -047 -046
e’ 0.00 0.00 -0.01 -0.01 -0.01 0.03 -0.01 -0.04 -005 -0.04 -0.05 -0.06
ek’ 0.00 0.00 -0.01 -0.01 0.00 0.06 -0.16 -058 -051 -041 -0.39 -0.35
el” 0.00 0.00 001 0.01 0.01 0.00 0.00 0.00 0.00 000 0.00 -0.01
eb” 0.01 0.06 0.07 0.07 0.07 0.08 -0.01 -0.06 -0.05 -0.04 -0.03 -0.02
e&” 0.03 0.08 009 010 0.10 0.08 0.04 0.07 0.06 005 0.04 0.01
eQ” 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01

P 0.00 -0.02 -0.03 -0.03 -0.03 -0.03 0.00 0.00 0.00 0.00 0.00 0.00
eCPT 0.00 0.00 -0.01 -0.01 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 0.00
eV’ 0.00 0.00 0.00 0.00 0.00 0.00 -0.03 -0.06 -0.04 -0.04 -0.04 -0.04
Open economy shocks
ghs -0.01 -0.04 -0.05 -0.05 -0.05 -0.05 -0.01 -0.01 -0.01 -0.01 -0.01 -0.02
ghn -0.01 -0.02 -0.03 -0.04 -0.03 0.00 0.02 0.03 005 006 0.08 0.12
Common shocks
FA 0.00 0.00 001 003 0.08 012 0.00 0.05 016 025 034 0.39
FI 0.00 0.01 0.03 0.07 014 0.20 0.00 0.01 0.04 0.07 0.09 0.10
FOPI 0.01 0.06 013 014 014 0.14 0.00 0.01 0.01 001 001 0.01
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Table 12: COMPARISON OF THE SHOCK DECOMPOSITION OF CONDITIONAL COVARIANCE: US-
EA CONSUMPTION. The contributions of shocks sum to the conditional covariance.

Estimated Ramsey

quarters 1 4 8 12 20 40 1 4 8 12 20 40
Cov.Cond. 0.00 0.08 026 044 071 1.08 0.04 042 087 109 140 198
US shocks 0.01 0.07 017 027 042 0.66 0.02 017 034 043 057 0381
g4 0.00 0.01 0.02 003 0.04 0.04 0.00 0.03 006 0.07 0.08 0.09
el 0.00 001 0.04 008 014 023 0.00 0.02 0.05 007 0.09 0.15
el 0.00 0.00 0.00 0.00 0.02 0.05 0.00 001 0.01 001 0.02 0.02
eB 0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01 -0.01 -0.01
eC 0.01 005 011 016 023 0.34 0.01 007 016 022 033 049
e 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ef 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
gCPI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
eWw 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 007 0.06 0.06 0.06
EAshocks 000 0.04 017 033 062 1.17 0.03 025 053 071 098 1.61
eA” 0.00 004 012 022 039 071 0.00 0.03 008 011 0.18 0.34
el” 0.00 003 009 016 027 043 0.02 021 044 057 076 1.12
el” 0.00 0.00 0.01 001 0.01 0.04 0.00 0.00 0.01 002 0.02 0.03
eB” -0.01 -0.06 -0.13 -0.17 -0.21 -0.22 -0.01 -0.06 -0.13 -0.17 -0.19 -0.16
eG” 0.00 003 0.07 010 015 0.20 0.00 003 0.08 012 017 023
e@” 0.00 0.00 000 0.00 0.00 0.01 0.00 0.01 001 0.01 0.01 o0.01

P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
gCPI" 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
e 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 004 0.04 0.04
Open economy shocks
gAs 0.00 -0.03 -0.06 -0.08 -0.12 -0.14 -0.01 -0.05 -0.10 -0.14 -0.18 -0.22
ghn 0.00 -0.03 -0.10 -0.18 -0.35 -0.87 0.00 0.00 -0.02 -0.06 -0.16 -0.54
Common shocks
A 0.00 0.01 0.02 004 0.07 0.10 0.00 003 0.08 010 014 0.21
F! 0.00 0.02 004 0.04 004 0.14 0.00 0.01 004 0.05 0.05 0.11
FePI 0.00 0.01 0.02 0.02 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00
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Table 13: COMPARISON OF THE SHOCK DECOMPOSITION OF CONDITIONAL COVARIANCE: REL-

ATIVE CONSUMPTION AND REAL EXCHANGE RATE COVARIANCE. The contributions of shocks

sum to the conditional covariance.

Estimated Ramsey

quarters 1 4 8 12 20 40 1 4 8 12 20 40
Cov. Cond. -0.72 -376 -6.78 937 -15.76 -41.65 1.14 566 697 5.64 1.06 -18.24
US shocks 0.00 084 287 4.88 7.86 10.59 022 245 519 6.88 9.18 11.65
g4 0.00 0.11 0.51 0.88 1.23 1.18 0.04 038 0.89 1.17 1.38 1.30
el 0.01 0.13 0.63 1.33 2.54 3.91 012 080 152 193 2.57 3.76
el 0.02 0.09 0.11 0.12 0.27 0.63 0.02 017 028 0.29 0.36 0.60
eB -0.13 -039 -042 -042 -042 -043 -0.25 -0.82 -090 -0.89 -090 -091
eC 010 076 1.79 2.68 3.94 494 0.07 071 1.87 290 4.34 5.48
e 0.00 0.01 0.01 0.01 0.02 0.03 0.01 0.05 0.06 0.06 0.06 0.07
ef 0.01 0.11 0.15 0.14 0.14 0.14 0.00 0.00 -0.01 -0.01 -0.01 -0.01
gCPI 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
eW 0.00 0.02 0.09 0.13 0.14 0.15 021 116 147 143 1.38 1.36
EA shocks -0.07 -022 0.51 1.77 4.37 8.27 1.30 6.08 9.07 1086 1396 19.76
eA” 0.05 044 1.26 2.15 3.70 6.07 013 077 136 1.79 2.57 4.52
el” 0.03 031 1.01 1.78 2.97 4.06 122 610 950 1125 13.67 17.10
el” 0.02 0.14 0.26 0.30 0.31 0.70 0.01 0.08 0.18 0.24 0.25 0.50
eB” -0.29 -162 -280 -343 -390 -398 -0.31 -1.68 -283 -336 -3.69 -3.59
eG” 0.10 042 0.66 0.84 1.13 1.23 0.00 -0.06 -0.09 -0.01 0.20 0.26
e@” 0.01 0.01 0.01 0.02 0.04 0.06 0.03 0.11 0.12 0.13 0.13 0.14
eP” 0.01 0.05 0.07 0.07 0.08 0.08 0.00 0.00 0.00 -0.01 0.00 0.02
gCPI” 0.01 0.03 0.03 0.03 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00
e 0.00 0.00 0.01 0.01 0.01 0.01 021 076 083 0.83 0.82 0.81
Open economy shocks
ghs -0.18 -1.16 -235 -321 -421 -471 -025 -154 -3.06 -410 -529 -590
ghn -046 -324 -7.81 -12.83 -23.82 -55.84 -0.14 -1.34 -423 -799 -16.78 -43.73
Common shocks
FA 0.00 0.00 0.01 0.02 0.02 0.03 0.00 0.00 0.00 -0.01 -0.01 -0.02
F! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FCePI 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
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Figure 5: Impulse Response Functions associated to a shock on ¢;'. Optimal (dotted lines), Estimated

(plain lines and shaded areas).
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Figure 11: Impulse Response Functions associated to a shock on €{’. Optimal (dotted lines), Esti-
mated (plain lines and shaded areas).
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Figure 12: Impulse Response Functions associated to a shock on €. Optimal (dotted lines), Esti-
mated (plain lines and shaded areas).
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Figure 13: Impulse Response Functions associated to a shock on €. Optimal (dotted lines), Estimated

(plain lines and shaded areas).
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Figure 15: Impulse Response Functions associated to a shock on e/*. Optimal (dotted lines), Esti-

mated (plain lines and shaded areas).
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mated (plain lines and shaded areas).
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Figure 17: Impulse Response Functions associated to a shock on €. Optimal (dotted lines), Esti-
mated (plain lines and shaded areas).
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Figure 18: Impulse Response Functions associated to a shock on e2". Optimal (dotted lines), Esti-
mated (plain lines and shaded areas).
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Table 14: SENSITIVITY ANALYSIS: WELFARE AND MOMENTS

no UIP shock Efficient shocks
price-setting Bench Bench  LCP LCP Bench Bench  LCP LCP
risk sharing Bench Perfect Bench Perfect Bench Perfect Bench Perfect

Standard deviation

US variables

Zy 4.26
Cy 4.29
I 11.14
Wy 1.75
11, 0.41
My 0.35
Ry 0.51
euro area variables

zr 6.62
cy 5.77
I 16.45
wy 5.36
I1; 0.46
7, 0.35
R} 0.59
AS; 5.03
Welf. Cond.

Wus,o -2.27
WEgao -2.14
Ww orid,o -4.41

wel farecostys — -2.66
wel farecostpa — -2.45

4.49
5.03
11.13
1.74
0.40
0.34
0.51

7.05
5.59
16.84
5.31
0.46
0.35
0.60

4.26

-1.63
-1.18
-2.81
-1.91
-1.36

4.29
4.37
11.45
1.79
0.40
0.35
0.53

6.58
5.80
16.80
5.37
0.45
0.35
0.64

5.94

-2.31
-2.19
-4.50
-2.70
-2.51

4.49
5.06
11.29
1.76
0.39
0.34
0.52

7.01
5.64
17.24
5.33
0.45
0.35
0.65

4.75

-1.52
-1.32
-2.83
-1.77
-1.51

3.68
3.92
9.84
1.25
0.16
0.15
0.27

6.48
5.62
16.07
5.20
0.14
0.12
0.44

3.06

-0.18
-0.48
-0.66
-0.21
-0.55

3.69
3.70
9.82
1.24
0.15
0.14
0.27

6.70
5.23
16.40
5.15
0.14
0.12
0.45

3.92

-0.18
-0.45
-0.63
-0.22
-0.52

3.70
3.92
9.87
1.26
0.15
0.15
0.27

6.44
5.64
16.36
5.20
0.12
0.12
0.46

3.60

-0.19
-0.48
-0.67
-0.23
-0.55

3.70
3.74
9.95
1.25
0.14
0.14
0.27

6.65
5.28
16.79
5.16
0.12
0.12
047

4.38

-0.17
-0.47
-0.65
-0.20
-0.54
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Table 15: SENSITIVITY ANALYSIS: KEY OPEN ECONOMY PARAMETERS AND MOMENTS 1

Optimal Policy

* = -~ * * ok <k
n,n n £ e TH ¢ 2t Ct As; T Ty z; o

standard deviations, in percent

0,0 0825 03 373 358 1155 2403 2664 121 110 7.66 16.46
0.5 0.79  0.66 3.73 1542 1201 048 041 228 10.70

1.5 043 0.38 2.46 5.00 376 042 035 266 3.47

2.5 042 037 2.72 4.65 361 042 035 294 3.26

09 03 225 203 5.23 11.12 776  0.85 0.65 3.95 7.76
0.5 125 117 6.82 2390 2856 059 052 328 16.55

1.5 042 037 242 4.97 441 043 035 2.56 3.44

25 041 037 2.63 4.34 394 043 035 273 3.03

0975 0.3 1.28  1.04 471 9.49 4058 0.62 043 2.60 6.68
0.5 434 452 1958 4932 181.28 136 145 1283 34.36

1.5 041 036 2.35 5.16 882 045 035 255 3.60

25 040 0.36 2.49 4.16 592 045 035 256 2.90

1,1 0825 0.3 455 223 1114 1152 2324 423 101 974 8.25
0.5 099 0.65 5.04 18.07 473 090 043 328 13.05

1.5 058 0.38 2.37 5.08 233 060 035 245 3.60

25 050 0.38 2.52 4.71 164 052 035 267 3.35

09 03 231 113 6.71 11.58 1924 209 058 4.78 7.97
0.5 126 132 1327 30.96 912 093 076 956 2274

1.5 052 0.38 2.37 5.07 311 054 035 244 3.58

25 047  0.38 2.49 4.42 222 050 035 256 3.13

0975 0.3 133  0.66 5.03 8.82 4127 121 042 294 6.07
0.5 1245 13.54 121.41 10998 9321 6.06 7.14 10548 87.85

1.5 045 0.36 2.35 5.24 762 049 035 249 3.71

2.5 043 036 2.45 4.18 470 047 035 247 2.95
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Table 16: SENSITIVITY ANALYSIS: KEY OPEN ECONOMY PARAMETERS AND MOMENTS 2

Optimal Policy with Perfect Risk Sharing

n,M n £ T THu Zt Ct Asy  w TRy % c;
standard deviations, in percent

0,0 0825 03 051 036 239 347 537 043 035 147 244
0.5 049 036 225 385 520 043 035 147 275

1.5 045 035 231 5.07 4.67 042 035 208 3.73

25 043 034 257 570 441 042 035 255 424

09 03 043 035 225 226 573 043 035 145 155

0.5 042 035 220 255 560 043 035 145 1.78

1.5 041 034 228 371 513 043 035 1.83 2.69

2.5 040 034 247 445 484 043 035 221 3.28

0975 0.3 039 034 217 146 599 045 035 144 098

0.5 039 034 217 150 595 045 035 145 1.00

1.5 039 034 221 177 577 045 035 153 122

2.5 039 034 227 211 561 045 035 1.65 1.49

1,1 0.825 03 114 039 246 378 596 1.12 035 150 280
0.5 098 037 233 427 504 098 035 141 3.22

1.5 0.64 035 227 559 285 066 034 168 4.35

2.5 052 034 237 618 201 056 034 195 4.84

09 03 074 036 229 240 610 075 035 147 172

0.5 068 035 224 278 551 070 035 143 204

1.5 054 034 226 416 368 057 035 159 320

2.5 048 034 234 494 276 052 035 181 3.85

0.975 0.3 042 034 217 147 6.08 047 035 1.44 0.99

0.5 042 034 218 152 592 047 035 144 1.03

1.5 041 034 220 190 525 047 035 147 137

2.5 041 034 224 233 469 046 035 154 174
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Figure 19: SENSITIVITY ANALYSIS: HOME BIAS, TRADE ELASTICITY AND VOLATILITY IN THE
OPTIMAL ALLOCATION.

Nominal Exchange rate
(standard deviation, in %)

250
/n\
---e---n=0.825 I\
| /
200 n=0.9 ) A
1 \
——-—-n=0.9791 / \
/ \
150 | / A
); \
/ AN
\
// N
100 - ’ AN

EA PPl inflation
(standard deviation, in %)

- ——-n=0.9791 ! !

0.05 0.1 015 02 025 03 03 04 045 05 055 06 065 07 075 0.8

EA output gap
(standard deviation, in %)

120
n
I
100 4 ---e---N=0.825 I/ “
n=0.9 /I “
80 - |
———-n=0.9791 II \
i

07 075 0.8

ECB
MWorking Paper Series No 884
U March 2008



European Central Bank Working Paper Series

For a complete list of Working Papers published by the ECB, please visit the ECB’s website
(http://lwww.ecb.europa.eu).

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

“Reporting biases and survey results: evidence from European professional forecasters” by J. A. Garcia and
A. Manzanares, December 2007.

“Monetary policy and core inflation” by M. Lenza, December 2007.
“Securitisation and the bank lending channel” by Y. Altunbas, L. Gambacorta and D. Marqués, December 2007.

“Are there oil currencies? The real exchange rate of oil exporting countries” by M. M. Habib and
M. Manolova Kalamova, December 2007.

“Downward wage rigidity for different workers and firms: an evaluation for Belgium using the IWFP
procedure” by P. Du Caju, C. Fuss and L. Wintr, December 2007.

“Should we take inside money seriously?” by L. Stracca, December 2007.

“Saving behaviour and global imbalances: the role of emerging market economies” by G. Ferrucci and
C. Miralles, December 2007.

“Fiscal forecasting: lessons from the literature and challenges” by T. Leal, J. . Pérez, M. Tujula and J.-P. Vidal,
December 2007.

“Business cycle synchronization and insurance mechanisms in the EU” by A. Afonso and D. Furceri,
December 2007.

“Run-prone banking and asset markets” by M. Hoerova, December 2007.

“Information combination and forecast (st)ability. Evidence from vintages of time-series data” by C. Altavilla
and M. Ciccarelli, December 2007.

“Deeper, wider and more competitive! Monetary integration, Eastern enlargement and competitiveness in the
European Union” by G. Ottaviano, D. Taglioni and F. di Mauro, December 2007.

“Economic growth and budgetary components: a panel assessment for the EU” by A. Afonso and
J. Gonzalez Alegre, January 2008.

“Government size, composition, volatility and economic growth” by A. Afonso and D. Furceri, January 2008.

“Statistical tests and estimators of the rank of a matrix and their applications in econometric modelling”
by G. Camba-Méndez and G. Kapetanios, January 2008.

“Investigating inflation persistence across monetary regimes” by L. Benati, January 2008.
“Determinants of economic growth: will data tell?”” by A. Ciccone and M. Jarocinski, January 2008.

“The cyclical behavior of equilibrium unemployment and vacancies revisited” by M. Hagedorn and I. Manovskii,
January 2008.

“How do firms adjust their wage bill in Belgium? A decomposition along the intensive and extensive margins”
by C. Fuss, January 2008.

ECB

Working Paper Series No 884

(]
March 2008“



855 *“Assessing the factors behind oil price changes” by S. Dées, A. Gasteuil, R. K. Kaufmann and M. Mann,
January 2008.

856 ‘“Markups in the euro area and the US over the period 1981-2004: a comparison of 50 sectors”
by R. Christopoulou and P. Vermeulen, January 2008.

857 “Housing and equity wealth effects of Italian households” by C. Grant and T. Peltonen, January 2008.

858 “International transmission and monetary policy cooperation” by G. Coenen, G. Lombardo, F. Smets and
R. Straub, January 2008.

859 “Assessing the compensation for volatility risk implicit in interest rate derivatives” by F. Fornari, January 2008.

860 *“Oil shocks and endogenous markups: results from an estimated euro area DSGE model” by M. Sanchez,
January 2008.

861 “Income distribution determinants and public spending efficiency” by A. Afonso, L. Schuknecht and V. Tanzi,
January 2008.

862 “Stock market volatility and learning” by K. Adam, A. Marcet and ]. P. Nicolini, February 2008.

863 “Population ageing and public pension reforms in a small open economy” by C. Nickel, P. Rother and
A. Theophilopoulou, February 2008.

864 “Macroeconomic rates of return of public and private investment: crowding-in and crowding-out effects”
by A. Afonso and M. St. Aubyn, February 2008.

865 “Explaining the Great Moderation: it is not the shocks” by D. Giannone, M. Lenza and L. Reichlin,
February 2008.

866 ‘“VAR analysis and the Great Moderation” by L. Benati and P. Surico, February 2008.
867 “Do monetary indicators lead euro area inflation?” by B. Hofmann, February 2008.

868 “Purdah: on the rationale for central bank silence around policy meetings” by M. Ehrmann and M. Fratzscher,
February 2008.

869 “The reserve fulfilment path of euro area commercial banks: empirical testing using panel data” by N. Cassola,
February 2008.

870 “Risk management in action: robust monetary policy rules under structured uncertainty” by P. Levine,
P. McAdam, J. Pearlman and R. Pierse, February 2008.

871 “The impact of capital flows on domestic investment in transition economies” by E. Mileva, February 2008.

872 “Why do Europeans work part-time? A cross-country panel analysis” by H. Buddelmeyer, G. Mourre and
M. Ward, February 2008.

873 *“The Feldstein-Horioka fact” by D. Giannone and M. Lenza, February 2008.

874 “How arbitrage-free is the Nelson-Siegel model?” by L. Coroneo, K. Nyholm and R. Vidova-Koleva,
February 2008.

875 “Global macro-financial shocks and expected default frequencies in the euro area” by O. Castrén, S. Dées and
F. Zaher, February 2008.

ECB
) Working Paper Series No 884
U March 2008




876

877

878

879

880

88l

882

883

884

“Are sectoral stock prices useful for predicting euro area GDP?” by M. Andersson and A. D’Agostino,
February 2008.

“What are the effects of fiscal policy shocks? A VAR-based comparative analysis” by D. Caldara and C. Kamps,
March 2008.

“Nominal and real interest rates during an optimal disinflation in New Keynesian models”
by M. Hagedorn, March 2008.

“Government risk premiums in the bond market: EMU and Canada” by L. Schuknecht, J. von Hagen and
G. Wolswijk, March 2008.

“On policy interactions among nations: when do cooperation and commitment matter?” by H. Kempf and
L. von Thadden, March 2008.

“Imperfect predictability and mutual fund dynamics: how managers use predictors in changing systematic risk”
by G. Amisano and R. Savona, March 2008.

“Forecasting world trade: direct versus “bottom-up” approaches” by M. Burgert and S. Dees, March 2008.

“Assessing the benefits of international portfolio diversification in bonds and stocks” by R. A. De Santis and
L. Sarno, March 2008.

“A quantitative perspective on optimal monetary policy cooperation between the US and the euro area”
by S. Adjemian, M. Darracq Pariés and F. Smets, March 2008.

ECB

Working Paper Series No 884

(]
March 2008“



ISSN 1561-0810

9llr71

5611081

005



	A quantitative perspective on optimal monetary policy cooperation between the US and the euro area
	Contents
	Abstract
	Non-Technical Summary
	1 Introduction
	2 Theoretical model
	2.1 Consumer’s program
	2.2 Labor supply and wage setting
	2.3 Investment decisions
	2.4 Optimal risk sharing
	2.5 Distribution sector
	2.6 Final goods sector
	2.7 Intermediate firms
	2.8 Government
	2.9 Market clearing conditions
	2.10 Competitive equilibrium
	2.11 The Ramsey formulation of optimal monetary policy cooperation

	3 Bayesian estimation of the US-Euro AreaModel
	3.1 Data
	3.2 Posterior parameter estimates

	4 Optimal monetary policy cooperation between the US and the euro area
	4.1 Accounting for the zero lower bound
	4.2 Welfare calculations

	5 International business cycles under estimated and optimal monetary policy
	5.1 Comparison of second-order moments
	5.2 Shock decomposition of moments
	5.3 Selected impulse responses

	6 Sensitivity analysis
	7 Concluding remarks
	References
	Tables and figures
	European Central Bank Working Paper Series



