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Abstract

This paper estimates a two-country open economy DSGE model by using U.S. and
Euro Area data. The baseline model, where the two regions are linked only through
the trade of goods and risk-free bonds, fails to replicate the high cross-regional macro-
economic correlation in the data. I search for the determinants of this correlation by
reconfiguring the model’s shock processes in two ways. First, I include shocks that
symmetrically affect each region. Second I allow for the transmission of shocks between
the two regions. While both of these changes considerably improve the model’s per-
formance along the international dimension, common shocks appear to be the main
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1 Introduction

Cross-country data from the past 3 decades indicate a high degree of macroeconomic integra-
tion amongst advanced economies.! In this paper, I search for the source of this integration
by building a two-country open economy, dynamic stochastic general equilibrium (DSGE)
model and estimating it with U.S. and Euro Area data.

The initial inference is that the model, while providing a good representation of the
domestic economies, falls noticeably short of replicating the high degree of international
macroeconomic integration when the two regions are linked only through the trade of goods
and risk-free bonds. This shortcoming is revealed through various post-estimation statis-
tics/computations such as impulse responses, forecast error variance and historical decom-
positions and the disparity between data and model generated moments. Pointing out this
anomaly, yet, is not the novel feature of my paper. Earlier studies such as Backus, Kehoe
and Kydland (1992), Devereux, Gregory and Smith (1992) and Stockman and Tesar (1995),
have already demonstrated the inadequacy of open economy models to replicate the high
degree of output correlation across advanced economies. Prompted by these findings, ensuing
research, some of which I discuss later in this section, have enriched these models in various
ways and have included frictions that apply to cross-country linkages to more closely replicate
international macroeconomic moments.

In this paper I take a different direction. Instead of enriching the model with various fric-
tions and cross-regional linkages, I focus on the variation in the data that the model cannot
explain to guide me in identifying the source of international macroeconomic integration. I
do so by first reformulating the shock processes so that each shock is composed of a country
specific component and a component that is common across the two regions. Estimation

results corresponding to this specification indicate a much better fit to the data along the

'Figure 1 provides evidence for macroeconomic integration during the 1980Q1 to 2014Q2 period. The
cross-country correlation coefficients that are computed by using the year-on-year growth rates of quarterly
gross domestic product, consumer price indices (excluding energy and food items) and unemployment during
this period are positive and high for most country pairs.



international dimension. Compared to the baseline model, there is a considerable improve-
ment in the model’s ability to match cross-regional correlations and this improvement does
not come at the expense of misrepresenting domestic moments. Consistent with this finding,
common shocks constitute a large share in the historical decompositions of U.S. and Euro
Area output, with shares approximately equaling the shares of domestic shocks, and forecast
error variance decompositions at various horizons suggest that common shocks are important
determinants of the variation in endogenous variables. Amongst the different types of com-
mon shocks, demand and financial shocks appear to be the main drivers of the macroeconomic
correlation across the two regions (with investment and net worth shocks having the largest
shares amongst demand and financial shocks, respectively) and productivity, cost-push and
exchange rate shocks play a relatively small role.

I proceed by proposing an alternative mechanism that can explain the high degree of
macroeconomic correlation in the data. This mechanism operates through the transmission
of shocks from one region to the other and competes with the aforementioned common shock
specification in accounting for macroeconomic integration. I incorporate and measure the
strength of this mechanism by allowing each type of shock to be correlated across the two
regions. Estimating the correlation coefficients and using them to compute various statistics,
I then compare the model’s performance to the model with common shock specification. The
results indicate that each type of shock is positively correlated across the two regions and that
there is a similar improvement in the model’s ability to match cross-regional macroeconomic
correlation. The marginal improvement over the model with common shocks, however, is small
and forecast error variance decompositions indicate that common shocks generally explain a
larger share of the variation of macroeconomic variables. The latter result becomes more
apparent when I estimate a model that includes common shocks and allow for region-specific
shocks to be correlated simultaneously. Compared to the model with only correlated shocks,
the estimated correlation coefficients in this model are also smaller.

Besides their relative quantitative importance, there is another reason why common shocks



may be a better way of accounting for international macroeconomic correlation compared to
correlated shocks in a two large economy model. Specifically, when the shocks are correlated
in the model, orthogonal shocks are identified by imposing a restriction on the contemporane-
ous correlation matrix. In my estimations this identification is achieved through a Cholesky
restriction. Since each shock is of two types (a U.S. and a Euro Area shock), this restriction
implies that the shock that is ordered first, U.S. shocks in my estimations, are not contem-
poraneously affected by Euro Area shocks. This is an unreasonable assumption given that
the Euro Area economy is approximately as large as the U.S. economy. Furthermore, impulse
responses corresponding to the baseline ordering indicate that while there is a strong trans-
mission from the U.S. to the Euro Area, U.S. macroeconomic responses to Euro Area shocks
are considerably small, especially compared to the responses to common shocks. The results
are reversed when Euro Area shocks are ordered first.

The model in this paper features the financial accelerator mechanism of Bernanke, Gertler
and Gilchrist (1999), includes various nominal and real rigidities, and allows me to investigate
a large number of shocks and explore the real and financial linkages between the two regions.
The baseline model includes 3 demand (government spending, consumption and investment
shocks), 3 cost-push (wage, domestic and foreign price shocks), 3 financial (net worth, risk
spread and risk-free interest rate shocks) and 1 productivity shock for each economy and a
common exchange rate shock. To find the results discussed above, I solve the linearized form
of the models by using a Bayesian estimation methodology. In doing so, I use 19 quarterly data
series for the period 1998Q1 to 2013Q4 to estimate the parameters of the models. Although
this methodology makes the analysis computationally intensive, especially given the size of the
models (the baseline model has 116 variables and 71 parameters), it has a clear advantage
over a calibration strategy for the research objective in this paper. Specifically, since the
methodology allows me to estimate the size, persistence and the correlation of shocks, it is
critical for identifying and quantifying the contribution of each shock to the cross-regional

macroeconomic correlation.



Overall, my results suggest that the symmetric movements of U.S. and Euro area macro-
economic variables could be caused by demand and financial shocks that are common to both
regions. These findings complement the international business cycle literature that expanded
after the low cross-country output correlation (and high consumption correlation) finding of
Backus et al. (1992). Ensuing efforts to match the output correlation in the data by de-
creasing risk-sharing and consumption correlation in open economy models have been mostly
devoted to two areas. While studies such as Obstfeld and Rogoff (2001), Backus, Kehoe,
Kydland (1992), Zimmermann (1997), Ravn and Mazzenga (2004) use trade frictions to ex-
plain the lack of risk-sharing and the home-bias in portfolio holdings in the data, others such
as Kollmann (1996), Kehoe and Perri (2002) and Heathcote and Perri (2002) account for the
high output correlation in the data through incomplete asset markets. Following the 2008/09
crisis the latter channel has been reinforced by studies that incorporate global banks in open
economy models (e.g. Alpanda and Aysun, 2014; Devereux and Yetman, 2010; Jeon, Oliv-
ero and Wu, 2013; Kollmann, Enders and Muller 2011). A separate strand of the literature
explains the international alignment of business cycles by focusing on production processes
that generate common productivity shocks and technology spillovers (e.g. Elliott and Fatés,
1996; Kose and Yi, 2001; Stockman and Tesar, 1995; Keller, 2004). Since common financial
and demand (in particular investment) shocks are the main drivers of the comovements of
variables in my model, and terms of trade, common price and common productivity shocks
play a limited role, my results suggest that enriching open economy models with endogenous
mechanisms that link the demand and financial sides of the two economies would a more effec-
tive and empirically relevant way of replicating the high degree of macroeconomic integration.
Including financial frictions that apply symmetrically across both regions, for example, can
generate symmetric responses in both regions through the easing/tightening of credit condi-
tions in international capital markets and it can therefore decrease the explanatory power of
the common shocks in my model.

My findings are also consistent with empirical evidence revealing the increasing impor-



tance of common /global shocks and the cross-country transmission of shocks for international
comovements of variables (e.g. Ambler et al., 2002; Canova and de Nicolo, 2003; Crucini et
al., 2011; Kose et al., 2008; Schmitt-Grohe, 1998) in the post-Bretton Woods era. My findings
based on a direct comparison of the contributions of commons shocks and shock transmission
further indicate that common shocks are the more important drivers of the macroeconomic
correlation between the U.S. and the Euro Area.

The rest of the paper is organized as follows. Section 2 outlines the model economy,
Section 3 derives the optimality conditions from the model. Section 4 describes the estimation
methodology. Section 5 discusses the baseline estimation results. Section 6 discusses the

results obtained by including common and correlated shocks. Section 7 concludes.

2 The model economies

The framework is a two region open economy DSGE model where both regions are large and
they are linked through the trade of goods and risk-free bonds. In this section I describe the
agents in the economy and their optimization problems, and then I derive the corresponding
first order conditions for only the domestic economy. I do this for brevity since the foreign

economy is symmetrically modelled and it has the same agents who face similar constraints.

2.1 Households

The economy is populated by a continuum of households with infinite lives. In each period,
the households, indexed by j, decide how much labor to supply and how much to save and

consume by maximizing the following life-time utility function:

U G) = B0 3 A1 (G G) ~ ACoa () e (—g%)] N



Here the variables C; (j) and L;(j) denote consumption and labor supply and o and o
are the intertemporal elasticity of substitution and the inverse elasticity of labor supply,
respectively. The utility of the consumers exhibits external habit persistence that is governed
by the parameter A\, and £ is a level parameter that is calibrated to ensure that the steady-
state value of labor is equal to 1. B is the population growth rate adjusted time discount
parameter. The variable ., is a consumption shock that follows an AR(1) process given by
Eet = Pc€et—1 + Nex Where p. is the persistence parameter, and 7., is the shock innovation
which is distributed :.¢.d. normal with mean 0 and standard deviation o.. For the remaining
shocks in the model, I use a similar parameterization with different subscripts and I assume
that they similarly follow an AR(1) process. The mass of the households is represented by
N, and it grows at the rate of 1. In maximizing their utility function, the households face the

following budget constraint:
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where P, is the aggregate price level, W; and W, (j) are the aggregate wage rate and the wage
rate received by household j, respectively and E; is the exchange rate quoted as U.S. dollars
per Euro. Besides their final goods consumption, the households hold one period nominally
denominated domestic and foreign bonds, Bj,; and By, that pay interest at the rate of 12, and
Ry — also the central bank policy rates in the two economies —, make bank deposits, Dy (j)
, that pay interest at the rate of RY, and pay lump-sum taxes, T; , to the government.
These expenditures are financed by their labor income, returns from previous period’s bond
holdings and deposits, and profits, IIj,; and II;,, collected from domestic firms and importers
(I describe these firms below). To include wage-stickiness in the model, I assume, similar to
the formulation in Rotemberg (1982), that households incur quadratic wage adjustment costs

given by the last term on the right hand side. In this expression, the level parameter k., is



given by k, = (1 — &) (1 — f‘w/;) /6&,, with &, denoting the probability that wages are not
adjusted in a given period, ¢,, is the wage indexation parameter, 7 is the economy’s steady
state per-capita growth rate, and 7, is the inflation rate given by m, = P,/ P,_;.2 The variable
is a domestic currency depreciation shock that can also be interpreted as a shock to the risk
of holding domestic bonds.

The households have a monopoly over their labor supply, L; (j) , and their services are
hired by a perfectly competitive labor intermediary that transforms them into a composite

labor service, L; , according to the following Dixit and Stiglitz (1977) aggregator,
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and maximizes, W;L; — fol Wi () Ly (§) dj. This maximization problem generates the following

labor demand curve:
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where O, regulates the elasticity of substitution between the different labor services. To
include cost push shocks that operate through wages, I assume that the time varying mark-

up variable, €,+ = O/ (Op: — 1), is governed by the following AR(1) process:

log ewi = (1 = pu) 108 Gu + Puy 108 Evpt—1 + Nt (5)

where ¢,, is the gross mark-up of real wages over the marginal rate of substitution between

consumption and leisure.

2The number 6 in the denominator of the expression for s, is from the Kimball aggregator function in
Smets and Wouters (2007).



2.2 Producers of intermediate, final and capital goods, and the

importers

Intermediate goods producers, indexed by i, are monopolistically competitive and they com-

bine capital and labor to produce output according to the following Cobb-Douglas function:

Yy (i) = € [Z0 () Ky ()] [AN Ly (8)] 7 = () f (6)

where €, is an aggregate productivity shock, Y; (i), K (i), L (i) and Z; (i) are the firm-
specific output, capital, labor and the capital utilization rate, A; is the trend level of produc-
tivity that grows at the rate of v and f is the fixed cost of production that grows at the rate
of 17y, the balanced growth rate of output.?

The capital hired by intermediate goods producers evolves according to the following

b —[t (©) — 2 € 1
7y (mftl (i) 1) ] il () g

where ¢ regulates investment adjustment costs, I, (i) denotes the amount of firm-specific

function:

Ki(i)=01-96)K;—1 (3) +

investment and ¢, is an investment-specific technology shock.

Capital is produced by perfectly competitive firms that convert undepreciated capital and
final goods into new capital. In doing so, they purchase undepreciated capital from entre-
preneurs — the capital owners in the model — at the price of (); and final goods (investment)
from final goods producers at the price of P, ;, and they sell the new capital to entrepreneurs

again at a price of ;. Their life-time profits are given by,

B YA |Quks @ (1= 0) Ky = ©
=0 t

The stochastic discount factor, A;, is identical to the Lagrange multiplier corresponding to

3The parameter f is set equal to (§ —1)Y;/ (17y)". This condition ensures that the intermediate goods
producers’ profits are equal to zero along the balanced growth path

9



the households’ budget constraint and it is given by,

Ee o 0 — 1 o
Ay = N; (Cy — ACy—1) exp (1 o L z) 9)

Intermediate goods producers sell their products to perfectly-competitive final goods pro-

ducers who combine the intermediate goods to form the final good, Y;, as follows:

i = ( / o) dz‘) (10)

The cost minimization problem of the final goods producers then yields the following firm-

Y (i) = (PP“) Y, (11)

specific demand curve:

Here ©),; is the time-varying mark-up parameter which is subject to a cost-push shock ac-

cording to the following process:

logen: = (1 — pp)log dn + prlogens—1 + Nag (12)

where €5, = O/ (O — 1) and ¢y, is the steady state mark-up rate and 7, is the cost push
shock that follows an AR(1) process.

Given the demand function for their goods, the intermediate goods producers choose the
price of their goods, P, (i), the amount of inputs and output that maximizes the following

profit function:

Rz
14+ w
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where M PK, is the marginal product of capital (and also its rental rate). The formulation

10



in equation (12) adds two frictions to the model. These frictions are added to enhance the
model’s ability to account for the empirical persistence in inflation through marginal cost
and price stickiness. The first friction is generated by time-varying capacity utilization ratio,
2 (1), and the costs incurred by adjusting this ratio and «, and @ capture the fixed costs and
the elasticity of the cost of adjusting capacity utilization, respectively. The second friction
is caused by the quadratic costs incurred by intermediate goods producers when the increase
in their prices deviates from past inflation. Here, k,, = (1 — &) <1 — £h6~> /3.5&, is the fixed
costs parameter with &, similarly denoting the probability that domestic goods prices are not
adjusted during the current period and ¢, is the Calvo parameter that regulates the indexation
to past inflation.

The importers in the economy are similar to the intermediate goods producers. They are
monopolistically competitive, their products are combined to form a final good by perfectly
competitive firms and they face costs of deviating from past inflation. Unlike intermediate
goods producers, however, they do not produce. They purchase their goods from abroad, in
foreign currency, differentiate their goods and sell them at a mark-up in the domestic market.

The demand for imported goods, Yy, (k) for importer k, is given by

Vi (k) = (#) o Vi (14)

where Py, (k) and Py, are the firm-specific and the aggregate price of imports, Yy, is the
aggregate amount of imports, and the time-varying mark-up parameter, ©¢;, is similarly

subject to cost-push shocks according to:

logess = (1 — pyg)log o + prlogess—1 + nyy (15)

where €7, = O,/ (0, — 1) and ¢ and 7y, represent the steady state mark-up rate and a

cost push shock that follows an AR(1) process.

11



The importers choose their prices and the amount of imports to maximize their life-time

profits:
S Pro()/Pra (k) )
* K ) A
EY A | (P (k) = EPy ) Yia (k) — %f ( BT 1) PreYr (16)
=0 TiaTs

where k,; = (1 — &) (1 —¢£ f6~> /6&¢ with ¢ and ¢y similarly denoting the probability that
import prices are not adjusted and the indexation parameter, respectively, and 7, is the

inflation rate for imported goods.

2.3 Financial market

The financial market in the economy operates through a single risk-neutral bank that lends, in
nominal terms, to the entire population of entrepreneurs (mass of 1). The entrepreneurs are
also risk neutral, and they collect the returns from capital and pay back their loans, B;, with
interest. Besides bank loans, the entrepreneurs finance their expenditures internally by using
their net worth, N, so that Q;K; = N; + B;. In each period their returns to capital, Ry, (m)
for entrepreneur m, is subject to an idiosyncratic shock, w; (m), so that Ry, (m) = w; (m) Ry,
where Ry, is the aggregate returns to capital. w; is lognormally distributed with standard
deviation o, and mean fi,; = o5, and its cumulative distribution is denoted by F (w).
Given this shock, the bank’s participation condition for its contract with entrepreneur m is

given by,

Wet1(m)
(1= P (s ()] Regi (m) Beom) (1 =) [ i () PeaRaga Qs (m)
(17)

= Rd tBt (m)

)
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where B;(m) and R.;(m) denote the amount of loans extended to entrepreneur m and
the interest rate on these loans, w; (m) and is the cutoff value of the idiosyncratic shock
below which entrepreneur m defaults on her loan. If there is default the bank seizes the
entrepreneur’s assets and pays monitoring costs, p per unit of assets. These costs are the
source of financial friction in the model. The funds recovered by the bank in case of default
are given by the second term on the right hand side of equation (16). The cutoff value of the

technology shock is defined as,

Wy (M) Prp1 Ry 11Q K (m) = Re g1 (M) By (m) (18)

where the aggregate returns to capital is defined as,

(1-06)Q;+ MPK,;
Ryt =

: 0 (19)

Notice here that the bank, by lending to the entire population of entrepreneurs, is able
to diversify the idiosyncratic risk and receive the deposit rate of return. In doing so, it
sets lending rates, R.; above the deposit rate to compensate for the costs incurred when
monitoring bad loans.

Given the financial contract the entrepreneur m’s net worth, N; (m) evolves according to:

Ny (m) = e [L = F (@ (m))] [Ris (m) Q1K1 (m) = Rep (m) (Qe-18—1 (m) — Niy (m))]
(20)

+(1 - 76,15)

where 7., is the survival rate of entrepreneurs that is set to a number less than one to ensure
that the entrepreneurs do not accumulate enough net worth to become self-financing. If the
entrepreneur dies, it is replaced by a new entrepreneur who begins with a unit of net worth

that is obtained from households.

13



In the financial market there are two types of shocks. The first shock, denoted by ¢4, is
transmitted to the economy through returns to capital and it is modelled as a shock (following

an AR(1) process) to the standard deviation of w, as follows:

logow: = (1 — pi) ow + prlogowi—1 + €kt (21)

The second shock, denoted by €, is transmitted through entrepreneurs’ net worth by im-
pacting their survival rate. The process governing this impact is similar to that in equation

(21).

2.4 Monetary policy and fiscal balance

The monetary policy in the economy is formulated according to the following Taylor-rule:

Tt }/; }/;5 )
Ry =pR;_1+ (1 — log R + v, log — + v, log ———— + lo + &, 22
t = pLiig—q ( P) < g Vr 108 - Yy 108 (777)tY YAy 108 Y, it ( )

where 7, v, and v, are the relative weights of inflation, output gap and output growth, R is
the steady state level of the nominal policy rate, p is the interest rate smoothing parameter,
and the policy shock variable, ¢, , similarly follows an AR(1) process.

The government finances its real expenditures, GG}, and debt payments by collecting lump-
sum taxes from households and issuing new discount bonds:

B B3
bl CU R (23)

PGy + Bpi1 + B;,t_l =T, + R, R,

where B}, is the amount of domestic government bonds held by foreign households.

14



2.5 Composite goods and market clearing conditions

Consumption and investment goods are the following CES aggregates of domestic and foreign

goods, C,; and Cy; for consumption goods and I, and I, for investment goods,

Ae/(Ae—1)
Ae—1)/ A Ac Ac—1)/ A
- (%}/Acq(m WAy (1 )1 ) )

(24)

COu—1)/\ 1)\ A/ (1)
[t = (7741/)‘2[’5?;2 1)/)‘1 _|_ (1 _ ,71')1/)‘1 [‘}(cj\tz 1)//\1) (25)

where 7, and ~; are the share of domestic goods in aggregate consumption and investment,
respectively, and \. and \; determine the elasticity of substitution between home and foreign
goods in the consumption and investment aggregators, respectively. The demand functions
for home and foreign goods and the aggregate price indices that correspond to equations (24)

and (25) are given by,

Ph —Ae P —Ae
t t
Oh,t = (—P7 ) ’YCOt Clnd Cﬁt = (—;7 ) (]_ — ’yc) Ct (26)
t t
P\ ™ P\
Ih,t = (Pi’t) ’}/,L[t and [f,t = (Pi’t (1 — ")/l) ]t (27)
. _ 1/(1—X¢
P, = (1P + (1= ) P VO (28)

1/(1=Xi)

Py = (wP M + (1= ) Pi) (29)

The production of each economy equals the sum of home goods consumption and investment
expenditures, government expenditures and the foreign economy’s imports of consumption

and investment goods,

Y, = NeChy + Iy + Gy + Nt*C;,t + I}F,t (30)
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where the foreign imports, Y, are only used for consumption and investment,
Yﬂt == Nth,t + If’t (31)
Bank loans in each economy are financed by the deposits of local households,

Bt - Dt (32)

3 Optimality conditions

The maximization of the households’ utility function with respect to deposit holdings yields

the following conventional Euler condition:

A d
t+1 Rt :| — 1 (33)

Ay Ti4+1

E, {B

where the Lagrange multiplier A; measures the marginal utility and the marginal budget
costs of consumption. There is arbitrage between deposit rates and domestic bond holdings
so that, B; = R? | and the arbitrage between the domestic and foreign bond is represented

by the following uncovered interest parity condition:

=~ Ny Ei1
E — = 4
4 {6 Ao (Rt Edt E, R; 0 (34)

Labor supply decisions and wage setting behavior are governed by the following optimality

conditions:

LN W,
€c,t |:(Ot — )\Ct—l) exp (—51 :_ O_l):| gL e AtQtFtt (35)
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where Q; = W, (1) (LZ—(:)) YO is the Lagrange multiplier corresponding to the labor inter-
mediaries budget constraint.

The optimization problem of the bank, as in Bernanke et al. (1999) and Fernandez-
Villaverde (2010), produces a relationship between entrepreneurs’ leverage and their borrow-

ing premium:

Qi K = vg (Et7t+1Rk,t+1) (37)

Ny Ray

)

where an increase leverage causes the wedge between the borrowing rate and the deposit rate
to grow.

The intermediate goods producers maximize profits subject to the final goods producers’
demand for their goods. Profit maximization with respect to labor, capital and the utilization

rate generates the following conditions:

Qi Py (1= ) (Yo + ()" f) = Wi L (38)
Py (Yi+ () f Ke o
9 ) — MPK = _ 1
h,tpta< K, t+1+w(t ) (39)
P Y, t
Qh . h,ta t + (77,}/) f — KZZFKt (40)
& Zy

where €, is the Lagrange multiplier corresponding to the final goods producers budget
constraint.

Price setting behavior of the intermediate goods producers and the imports are given by

17



the following equations that demonstrate rigidity similar to equation (36):

Qh,t (@h,t - 1) Ent

Tht 1 Th,t — B BA1 Th,t+1 1 7Th,t+1Y2+1 i
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where 7y, = Pj,;/Pr,—1 denotes import price inflation.
Capital producers’ maximization of their life-time profits with respect to investment goods

produces the following condition:

Py < I, > L ( I, )2
p,  nei ( "\l ML 2 \ vl (43)
A Iiq I,
E ~t ; LR |
+ Iy {5%0 A, Qi+1E5t+1 (77’)’[t I

4 Estimation methodology, data and posterior parame-
ter estimates

To draw inferences from the two country model described above, I first log-linearize all the
variables in the equations that define the model around their steady state and then estimate
parameters values by using a Bayesian methodology (the log-linearized equations are provided
in Appendix A). I choose this methodology since it has advantages over a more conventional
calibration methodology, especially for models with nonstandard parameters and when there is
uncertainty about the parameter values that govern shock processes. The methodology follows
four basic steps (Fernandez-Villaverde and Rubio-Ramirez, 2004; Lubik and Schorfheide,

2005; Schorfheide, 2000 offer a more detailed description). The state space representation
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of the model is first converted to a reduced form state in its predetermined variables by
following the methodology of Blanchard and Khan (1980). The residuals in the reduced form
equations are the orthogonal shock innovations. In my baseline estimations, I assume that
the innovations are not correlated across the two regions and thus the variance-covariance
matrix of shock innovations is diagonal. Second, the predetermined variables are linked to
the variables than can be observed (observables) via a measurement equation. Third, these
observable variables are combined with a prior distribution of the parameter values to form a
likelihood function by using a Kalman filter. Fourth, a posterior density function is obtained
as the product of this likelihood function and the prior density function of the parameters.
Finally, the parameter values that maximize the posterior density function are estimated by
using a Markov Chain Monte Carlo simulation.

To estimate the model I use 21 quarterly data series/observables since there is a total of
21 shocks (10 shocks for each region and a common depreciation shock) in the model and
the number of observables cannot exceed the number of shocks (data sources and definitions
are provided in Appendix B). The 10 data series for each region are the gross domestic prod-
uct, consumption and investment expenditures, import price index, GDP deflator, interbank
short-term interest rate, corporate bond yield, wage rate, number of employed, stock market
index. The common variable is the U.S. dollar per Euro nominal exchange rate. Each series
is seasonally adjusted, demeaned and log-differenced (except for the interest rate and the
corporate bond yields that are linearly detrended. The sample period is 1998Q1 to 2013QA4.

Some of the parameters in the model can be computed from the steady state values of
state variables that can in turn be estimated by the mean values of the observable variables.
Since the observables are demeaned, however, these parameter values cannot be estimated.
These parameter values are instead calibrated to fixed values throughout the estimations.
The time discount parameter, B , s set equal to 0.995, implying a 2 percent annualized real
interest rate. The intertemporal elasticity parameter, o, is set equal to 1 so that there is

unit elasticity. The population and per-capital output growth rate parameters, n and v, are
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set equal to 1.0025 and 1.005, implying a 1 percent and 2 percent annualized growth rate of
population and output along the balanced growth path. The share of capital income and the
depreciation rate parameters, o and ¢, are fixed to the standard values of 0.3 and 0.0025,
respectively. The price and wage mark-up parameters, ¢, and ¢,,, are set equal to 1.25 and 1.5
respectively following Smets and Wouters (2007). The domestic consumption and investment
share parameters, 7. and ~;, take the values of 0.9 implying a 10 percent of imports in the
steady state. The entrepreneurial survival rate, 7., is set equal to usual value of 0.97 so that
there is a 3 percent chance that the entrepreneurs will not survive. The level parameter, &, is
set equal to & = m to ensure that labor supply is equal to 1 at the steady-state.
The prior distributions of the parameters, reported in Tables 1 and 2, are formulated
based on the findings of micro and macro-econometric studies and logical restrictions (such
as restricting some priors to a positive support). These distributions are similar to those in the
literature (Smets and Wouters, 2007 and Gilchrist et al., 2009) and their description is thus
deferred to Appendix B. The posterior estimates reported in Table 1 and 2 are, in general,
considerably different from their prior mean values indicating that the data are informative.
Comparing across the two areas, I find that while the structural parameter estimates are
similar, elasticity of substitution between home and foreign consumption goods, investment
adjustment costs and import price adjustment parameter estimates are larger for the Furo
Area. A noteworthy observation here is that the posterior mean values of the parameter
governing the leverage elasticity of risk premium, y, are not only low compared to its prior

mean but also compared to the commonly used and estimated values in the literature.

5 Inferences from the baseline estimation

The U.S. and Euro Area macroeconomic responses to various U.S. shocks (a one standard

deviation shock) are presented in Figure 2.* The responses of U.S. variables are significant

41 use Dynare to estimate the model and compute post-estimation statistics.
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and mostly consistent with those obtained from Vector Auto Regressive (VAR) analyses
(e.g. Gali, 1999; Francis and Ramey, 2005; Christiano et al., 2001; Peersman and Smets,
2003). In response to a positive productivity shock, for example, employment and inflation
drop, prompting a decrease in interest rates and an increase in consumption and investment
demand. The drop in inflation here is amplified by habit formation and inflation adjustment
costs. The three demand shocks (consumption, investment and government expenditure)
have the opposite effect on employment and inflation. The crowding out of investment caused
by positive consumption and government expenditure shocks generates lower credit spreads
and mitigates the adverse effects of the shock on demand. Turning to cost-push shocks,
the responses to positive wage and price mark-up shocks are similar except for labor since
the two shocks have asymmetric effects on the intratemporal constraint that consumers face.
Amongst the three financial shocks, net worth shocks have the most persistent and the largest
effect on output. A positive shock to credit spreads generates a policy conflict by causing
an increase in inflation and a drop in output at the same time. The U.S. macroeconomic
variables in Figure 3 demonstrate a similar response to Euro Area shocks.

For my paper, the more central observations in Figures 2 and 3 are the mostly small
and insignificant responses to foreign shocks. U.S. (Euro Area) responses to Euro Area
shocks (U.S. shocks), especially when compared with the responses to U.S. shocks (Euro Area
shocks), are small and insignificant as indicated by the 90 percent confidence intervals. These
findings are consistent with the model moments in Table 3 that indicate a low macroeconomic
correlation across the two regions. The baseline model, though not perfect, does a much better
job of replicating the moments of domestic data. Similarly in Figure 4, Euro Area shocks and
U.S. shocks have a low share in the historical decompositions of U.S. and Euro area output,
respectively. The evidence suggests that while demand and financial shocks are the main
determinants of output fluctuations, with demand shocks having a larger share (especially in

the U.S.), and that cost-push, productivity and exchange rate shocks have a smaller impact.”

SFor example in the U.S., the absolute values of the demand shock contributions when averaged across
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Therefore, the baseline formulation that connects the two regions through only trade in
goods and risk-free bonds fails to account for the macroeconomic integration that is observed

in the data.

6 Common shocks and cross-regional shock transmis-
sion

In this section, I make two main changes to the baseline model to improve its performance
along the cross-regional dimension and to identify the source of macroeconomic integration.
First, I reconfigure each shock in the model to include a component common to both regions.
Let s¢ and s denote the common component and the country specific component of shock
s, respectively, then the expression for shock s at time ¢ in this new formulation is given by,
sy = 59545 After making this change and estimating the model, I assess the contribution of
each common shock to the comovement of the main macroeconomic variables.

Second, T allow each shock to be correlated across the two regions (so that U.S. consump-
tion shock is correlated with the Euro Area consumption shock and U.S. investment shock is
correlated with the Euro Area investment shock, etc.). I then use the estimated values of the
correlation coefficients in various post-estimation computations (for example when measur-
ing impulse responses, historical and forecast error variance decompositions). There are two
differences between the impact that common and correlated shocks have on model dynamics.
First, while common shocks affect both regions symmetrically, with correlated shocks the
relative impact depends on the sign and the magnitude of the correlation coefficient. Sec-
ond, a Cholesky ordering is used as an identification scheme when the shocks are correlated

across the two regions. While this strategy allows the model to generate the higher levels of

the sample period are approximately 2 and 4 times the contributions of financial and cost-push/productivity
shocks, respectively.

6T also estimated a model with a looser parameterization where common and the country specific shocks
have different shares in the composite shock function and these shares are different for each region. The
results were similar and are available if requested.
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cross-country correlation, the drawback is that it relies on an unrealistic restriction. More
specifically, if U.S. shocks are ordered first, as in my estimations, Euro Area shocks have
an impact on the U.S. economy only with a lag, while U.S. shocks have a contemporaneous

effect.

6.1 Results from the model with common shocks

Figures 5 and 6 display the historical decompositions of U.S. and Euro Area output that
are obtained from the model with the common shock specification. The central finding here
is the large share of common shocks. While foreign shocks have a small impact in both
countries, common shocks have been as important as domestic shocks. Breaking down the
contribution of common shocks by type, I find that demand shocks and financial shocks have
the largest share with net worth and investment shocks making the largest contributions
to the fluctuations of output in both countries. Consistent with the inferences from the
historical decompositions, the common shock specification permits a better match between
international data and the model. Specifically, the cross-country model moments, reported
in column 3 of Table 3, are much closer to the data moments compared to the baseline
results. This improvement, moreover, is not at the expense of the model’s ability to match
domestic moments as the disparity between the moments reported in columns 6 and 7 and
data moments are similar. Notice that under the common shock specification, and as indicated
in Table 1, the estimated mean value of the leverage elasticity parameter is higher compared
to its value under the baseline specification suggesting that the shock transmission between
the financial and the real sectors in both countries can be stronger with common shocks.
A comparison of columns 3 and 4 with column 7 in Table 2 reveals that the persistence
and standard deviations of the common shocks are similar, though not identical, to the
corresponding values for the country specific shocks (for example, common investment shocks
have higher persistence and lower standard deviation).

Forecast error variance decompositions in Table 4 demonstrate the importance of common
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shocks for international business cycles. These decompositions, measured as the contribution
of each shock to the variance decomposition of total forecast errors, are computed for 4 differ-
ent forecast horizons and for each endogenous variable the sum of the columns add up to 1.
The contributions of common shocks are often comparable to region-specific shocks and for
some variables, especially the financial variables, common shocks appear to be a more impor-
tant determinant of volatility. While the fluctuations of output, investment and consumption
are mainly driven by demand shocks, fluctuations of labor and the inflation variables are
driven by cost-push and productivity shocks. Demand and cost-push/productivity shocks
make a small contribution to the fluctuations of financial variables, especially for the U.S. net
worth and credit spread variables, and the findings suggest that the channel of transmission
from the financial sector to the real economy is stronger compared to its strength in the re-
verse direction. The contributions of financial shocks increase with the forecast horizon for all
the variables except interest rates. Cost-push/productivity shocks become a more important

determinant of interest rate volatility at longer horizons.

6.2 Results from the model with correlated shocks

I proceed by assessing the findings from the model where each pair of shock (U.S. and the
Euro Area shock) is correlated. Table 5 compares the forecast error variance decompositions,
aggregated at the regional level, across different model specifications for two forecast horizons.
As expected, the transmission between the two regions becomes stronger when shocks are
allowed to be correlated. While region-specific shocks remain the primary determinants,
cross-regional transmission is large and certainly not negligible for all the variables. This
is consistent with the size of the correlation coefficients reported in the column of Table 2.
Comparing across models, however, I observe that the contributions of common shocks to
U.S. variables reported in columns 6 and 7 are mostly larger compared to the strength of the

regional transmission suggested by the results in columns 3 and 4.” Consistent with earlier

"Ordering Euro Area shocks first produces similar results.
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results, the contribution of Euro Area shocks are negligible in the baseline model and in the
model with common shocks.®

I obtain a more revealing set of evidence for the relative importance of common shocks
when I include these shocks and allow for shock correlation simultaneously. The results in
the last 3 columns of Table 5, for example, indicate that common shocks generally explain a
considerably larger share of the macroeconomic volatility, especially for U.S. variables and the
longer forecast horizon, compared to the share explained by the cross-country transmission of
shocks (reported in columns 8 and 9 for Euro Area and U.S. variables, respectively). While
common shocks have the largest impact on investment and net worth volatility, international
transmission is a more important determinant of credit spread volatility. I should mention
here that the relatively large impact of U.S. shocks on Euro Area net worth volatility is
partially due to the ordering of the shocks.

Consistent with the inferences from Table 5, the international moments obtained from the
model with common shocks and shock correlation (reported in the fourth column of Table
3) do not reveal a major improvement in the model’s ability to match data moments. Simi-
larly, allowing for shock correlation in the model with common shocks does not improve the
model’s marginal likelihood (in fact, the marginal likelihood computed using the Laplace ap-
proximation drops from 4029.5 to 4025.5). The estimated values of the correlation coefficients
corresponding to the model with common shocks and shock correlation (reported in Table 2)
are also smaller for most shocks compared to the model with only correlated shocks.

A comparison of the impulse responses reported in Figure 7 across the different models
points in the same direction. The U.S. output responses to common shocks are much higher
than the responses to Euro Area shocks and allowing for shock correlation does not always
amplify the responses to common shocks and if it does, the amplification is not large. The

same observation can be made for the Euro Area output responses in the bottom panel of the

8In Dynare, when shocks are correlated, the share of a foreign shock is added to the corresponding domestic
variable’s share in the historical decomposition computations. These decompositions, therefore, indicate a
very small explanatory power of foreign shocks as in the baseline estimations.
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figure: allowing for shock correlation does not have a significant and a unidirectional impact
on the impulse responses to common shocks. While Euro Area output responses reveal a
large effect of U.S. shocks, it is not clear that this transmission is stronger than the responses
to common shocks.’

Notice that in the model with common shocks (and in the model with common and
correlated shocks) the number of observables is less than the number of shocks. With this
feature, it then becomes questionable whether one can strongly identify the parameters of the
model and whether the model is a good representation of the true data generating process. To
test for the presence of identification problems, I use the methodology of Iskrev (2010) that
computes the analytical derivatives of the observables with respect to the estimated values
of the parameters to construct the Fisher information matrix. Under weak identification,
this matrix is either singular or nearly-singular. I find that for all 4 models, the Fisher
information matrix is full rank and thus the estimation methodology is able to identify the

structural parameters and the parameters governing the shock processes.

7 Conclusion

Estimated New Keynesian DSGE models have become an important policy analysis and
forecasting tool for most central banks. In this paper, I demonstrated a shortcoming of these
models along the international dimension by revealing their inability to match the high degree
of macroeconomic integration between the U.S. and the Euro Area.

Reconfiguring the shock processes in the model, I found that shocks that are common to
both regions, more so than shock transmission from one region to the other, account for the
comovements of macroeconomic variables that the baseline model cannot replicate and that
common demand and financial shocks are more important determinants of the symmetric

responses of the two economies compared to exchange rate, and common productivity and

°T find that the results are reversed, i.e., the U.S. responses to Euro Area shocks are large, when Euro
Area shocks are ordered ahead of U.S. shocks.
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cost-push shocks.

Notice that the different shock specifications that I introduce in the model do not enhance
its ability to provide more accurate forecasts and policy predictions since the shocks in the
model, by definition, are not related to the endogenous variables. The results do, however,
uncover the most important sources of macroeconomic integration and provide a guidance
for future enhancements in the empirical relevance of open economy models and their fore-
casting performance. According to the results, these enhancements would be most effective
if they focus on mechanisms that can generate symmetric responses of demand and financial
side variables and can, therefore, decrease the importance of exogenous shocks and shock
correlations.

By using Euro Area and U.S. data to estimate the two-country model, I was able to
investigate a large share of global economic activity and consider two regions that are similar
in size. As a result of this approach, however, the inferences in this paper were drawn
from a relatively short sample period (as Euro Area data were only available after 1995). It
would be interesting, therefore, to use data from other country pairs that span longer periods
and identify how the primary sources of macroeconomic integration (across a broader set of

countries) have evolved over time.
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Appendix A. The log-linearized model

In this Appendix I report the log-linearized equations of the model. The variables in these
equations, denoted by lower case letters, represent deviations from steady state values and
variables without time subscripts represent the steady state values. The equations that form
the model can be classified under four general categories.

Demand for domestic and foreign consumption and investment goods:

€t =7 i/):y/vct_l + ﬁﬂtct“ (A.1)
+ % (0= 1) &l = Eliyr) — (re — Eymegn)] + ec
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ing —ife = Ni (Pgt — Pht) (A.6)

Domestic and foreign goods price and wage inflation:
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Twt = Wy — W1 + T (A.10)
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Production and market clearing:
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The financial market:
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Appendix B. Prior Distributions and Posterior Estimates

The prior distributions for the parameters are provided in Table 1 for home-country and
foreign-country parameters. The priors here are very similar to Smets and Wouters (2007)
and Gilchrist et al. (2009) for the parameters that are not related to the open economy
features of the model. The habit parameter, A, has a beta-distribution prior with a mean of
0.7 and a standard deviation of 0.1. The parameter o; has a normal prior with a mean of 2
(reflecting a Frisch-elasticity of labor supply of 0.5) and a standard deviation of 0.75. The
capacity utilization elasticity parameter, 1), has a beta prior with mean 0.5 (which implies
unit elasticity of utilization with respect to the marginal product of capital) and standard
deviation 0.1. The investment adjustment-cost parameter, ¢, has a normal prior with mean
4 and standard deviation 1.5. The Calvo parameters, &, {¢ and &, all have beta priors with
mean 0.5 (i.e. an average of 2-quarter price and wage stickiness) and standard deviation 0.1.
The price and wage indexation parameters, ¢y, ¢y and ¢, have beta priors with a mean 0.5
and standard deviation of 0.15. The price mark-up at the steady-state, ¢, is assumed to have
a normal prior with mean 1.25 and standard deviation 0.1. As in Gilchrist et al. (2009), the
elasticity of the external finance premium to leverage, , is assumed to be beta-distributed
with a mean of 0.07 and a standard deviation of 0.02.

For the Taylor rule parameters, I assume that the prior for the long-run inflation reaction
coefficient, 7., has a normal distribution with a mean of 1.5 and standard deviation 0.25.
Similarly, the long-run reaction coefficient on output and output growth, r, and r,,, have
normal distributions with mean 0.25 and standard deviation 0.12. The prior for the inter-
est rate smoothing parameter, p, has a normal distribution with mean 0.75 and standard
deviation 0.1.

The priors for the autoregressive and moving average terms in all shocks have beta dis-
tributions with mean 0.5 and standard deviation 0.2. The priors for the standard deviations
of all the shocks are also fairly uninformative, with inverse-gamma distributions with mean

0.5% and infinite variance.
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Table 1. Prior distributions and posterior estimates of structural parameters

Posterior Means

Common shocks and

Baseline Common shocks Correlated shocks correlated shocks
Prior Densities us. Euro Area US. Euro Area US. Euro Area US. EuroArea

X B (0.07, 0.02) 0.0097 0.0082 0.0187  0.0123 0.0111  0.0088 0.0107  0.0089
A B (0.7,0.1) 0.9541 0.9760 0.9592 0.9817 0.9337 0.9778 0.9496 0.9657
o, N (2, 0.75) 1.4973 1.6627 15105  1.7456 0.8353  1.6163 13658  2.0104
v B (05,0.2) 0.1505 0.1998 0.1448  0.2425 0.1675  0.1617 0.1501  0.2220
Q N (4,15) 6.3842 9.1693 74639  9.2109 84759  8.3567 76182  9.9597
L B (0.5, 0.15) 0.6141 0.2452 0.5803 0.1508 0.4833 0.2480 0.3380 0.1453
L B (0.5, 0.15) 0.2948 0.2698 01752  0.2732 02533  0.2771 0.1685  0.3293
Ly B (0.5, 0.15) 0.1722 0.4014 02431  0.2524 0.0941 04175 0.0988  0.3140
é} B (05,0.1) 0.8150 0.8438 0.8003  0.8246 08177  0.8196 08132  0.8445
& B (05,0.1) 0.2451 0.6649 0.4163  0.5527 02621  0.6855 0.3578  0.6583
&, B (05,0.1) 0.8626 0.8097 0.8378  0.8190 0.8208  0.8363 08259  0.7834
ﬂc G(1,02) 0.2008 0.9389 0.1643 0.9633 0.2345 0.8769 0.2095 0.8712
A G(0.25,0.2) 0.1654 0.2230 0.2547  0.1987 02390  0.2436 0.1635  0.3732
P N (0.75, 0.1) 0.5981 0.6217 0.6288 0.5308 0.6648 0.6448 0.6574 0.6583
rn N (1.5, 0.25) 1.5037 1.1688 1.3153 1.1024 1.4893 1.1552 13711 1.0664
r, N (0.25,0.12) 0.0286 0.0337 0.0367  0.0393 0.0316  0.0391 0.0382  0.0426
Ny N (0.25,0.12) 0.2557 0.349%4 01803  0.5111 0.1866  0.6648 02777  0.5406

Note: The table displays the prior distributions and the posterior mean estimates of model parameters. The prior
distributions denoted by B, N and G are the Beta, Gamma and Normal distributions, respectively.
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Table 2. Prior distributions and posterior estimates of shock process parameters

Posterior mean values

P rior mean val f countr ific shock parameter
osterior mean values of country specific shock parameters by of common shock

model parameters by model
Common
. Common Correlated shocks and Common
Baseline shocks shocks correlated Common shocks and
shocks shocks correlated
. . Euro Euro Euro Euro shocks
Prior Density us. Area 7 Area T Area " Area
Persistence parameters
consumption B (0.5, 0.2) 0.3995 0.4038  0.2464 0.1948 04173 03583  0.2723 0.2640 0.3685 0.2646
investment B (0.5,0.2) 0.6541 04573  0.4742 0.1898  0.6002 0.4406  0.4881 0.2752 0.6916 0.5923
government exp. B (0.5, 0.2) 0.9302 0.9161 0.9073 0.9147 0.8730 0.9405 0.8634 0.9385 0.6328 0.5054
productivity B (0.5,0.2) 0.8022 0.7355 0.7148 0.7132 0.6922 0.7213 0.7083 0.7034 0.7103 0.7120
interest rate B (0.5,0.2) 0.2406 0.1042 0.2208 0.0661 0.1514 0.1018 0.1542 0.1501 0.1748 0.1719
price, domestic B (0.5, 0.2) 0.0293 00396  0.1157 0.1579  0.0583 0.0505  0.1994 0.0822 0.0580 0.0561
price, foreign B (0.5, 0.2) 0.9716 0.6776 0.8401 0.8309 0.9697 0.6154 0.9143 0.6763 0.8347 0.6260
wage B (0.5,0.2) 0.4192 0.2154 0.3071 0.1520 0.4145 0.1466 0.2049 0.2296 0.2844 0.3074
credit spread B (0.5, 0.2) 0.1374 03580  0.3520 0.3652  0.2166 0.3915  0.1735 0.3301 03312 0.4482
net worth B (0.5,0.2) 03153 0.1508  0.3940 0.1733  0.3023 0.2767  0.4154 0.2972 0.1460 0.2509
depreciation B (0.5, 0.2) 0.8531 0.8511 0.8626 0.8474
Shock standard deviations
consumption  1G (0.5%, inf) ~ 0.0016 0.0013  0.0015 0.0012  0.0017 0.0014  0.0019 0.0014 0.0012 0.0013
investment IG (0.5%, inf) ~ 0.0035 0.0039 0.0040 0.0040 0.0039 0.0044 0.0041 0.0036 0.0019 0.0021
government exp. 1G (0.5%, inf) ~ 0.0198 0.0135 0.0203 0.0110 0.0240 0.0136 0.0221 0.0112 0.0040 0.0027
productivity IG (0.5%, inf) ~ 0.0051 0.0070 0.0048 0.0062 0.0059 0.0062 0.0053 0.0060 0.0017 0.0018
interest rate 1G (0.5%, inf) ~ 0.0034 0.0033  0.0023 0.0023  0.0035 0.0037  0.0029 0.0031 0.0022 0.0021
price, domestic  1G (0.5%, inf) ~ 0.0015 0.0016 0.0014 0.0013 0.0017 0.0016 0.0016 0.0013 0.0011 0.0012
price, foreign IG (0.5%, inf)  0.0233 0.0083 0.0128 0.0036 0.0238 0.0079 0.0143 0.0021 0.0070 0.0077
wage IG (0.5%, inf)  0.0012 0.0045 0.0014 0.0043 0.0012 0.0052 0.0012 0.0052 0.0012 0.0011
credit spread  I1G (0.5%, inf) ~ 0.0100 0.0187  0.0022 0.0108  0.0096 0.0172  0.0091 0.0165 0.0099 0.0029
net worth IG (0.5%, inf)  0.0720 0.0906 0.0029 0.0509 0.0753 0.1027 0.0028 0.0458 0.0748 0.0667
depreciation  1G (0.5%, inf) ~ 0.0039 0.0054 0.0040 0.0055
Shock correlations
consumption B (0.5, 0.2) 0.5449 0.3345
investment B (0.5,0.2) 0.3970 0.2293
government exp. B (0.5,0.2) 0.2921 0.1968
productivity B (0.5, 0.2) 0.1684 0.1370
interestrate B (0.5, 0.2) 0.4982 0.2707
price, domestic B (0.5,0.2) 0.2049 0.1807
price, foreign B (0.5, 0.2) 0.3492 0.3762
wage B (0.5,0.2) 0.1482 0.139%4
credit spread B (0.5,0.2) 0.8659 0.8837
net worth B (0.5,0.2) 0.8657 0.3085

Notes: The table displays the prior distributions and the posterior mean estimates of the parameters governing the
shock processes. The prior distributions denoted by B and IG are the beta and inverse gamma distributions,
respectively. Shock correlation values displayed at the bottom of the table represent the correlation coefficients of the
shocks measured across the U.S. and the Euro Area.
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Table 3. Data versus model moments

Common Common
Baseline  Common & Baseline  Common &
Data Data
model shocks correlated model shocks correlated
shocks shocks

Cross-regional correlation Country-specific moments

p(y.y*) 0573 0111 0413 0521 us. p(y,i) 0.754 0589 0575  0.555
ple,c*) 0599 0008 055  0.635 p(y.1) 0471 0676 065  0.653
pli,i*) 0613 0039 058  0.607 a(c)laly) 0812 0865 0874 0915
pl1,1%) 0108 0040 0180  0.262 a(i)l o(y) 3230 303 2881 2836
play. ) 0320 0020 0306  0.408 a(1)/a(y) 0.736 1220 1204 1199
p(” 7T : ) 0.573 0.020 0.219 0.339 Euro Area P(Y*v [ *) 0.898 0.666 0.628 0.624
pla, ;) 0060 -0.006 0228  0.289 ply*.1%) 0368 0475 0463  0.462
plrk,rk*) 0881 -0.006 069  0.872 olc*)/ ofy*) 0650 0869 0962  0.981
pln.n*) 0864 -0002 0835  0.832 a(i*)/ a(y*) 2389 3360 3190 3211
plr.r) 0533 0054 0448  0.489 a(1*)/o(y*) 1.077 1764 1693 1722

Notes: The table compares the moments of the endogenous variables obtained from the data to the posterior moments
obtained from the models.
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Table 4. Forecast error variance decompositions, model with common shocks.

forecast horizon = 1 quarter

U.S. shocks Euro Area shocks Common shocks
Productivity Demand Financial Productivity Demand Financial Productivity Demand Financial Exchange
& cost-push & cost-push & cost-push
shocks  shocks shocks  shocks shocks  shocks rate shocks
U.S. endogenous variables shocks shocks shocks
output 0.20 68.90 0.87 0.71 0.14 0.01 133 20.69 7.01 0.16
consumption 0.10 54.19 0.53 0.04 0.00 0.04 0.17 43.23 159 0.12
investment 0.47 46.07 0.70 0.01 0.00 0.00 0.26 27.89 24.20 0.39
labor 49.41 30.83 0.43 0.18 0.05 0.01 6.65 8.50 3.45 0.48
wage inflation 47.18 7.04 0.60 0.21 0.01 0.18 35.16 8.73 0.65 0.24
net worth 0.09 0.00 0.25 0.00 0.00 0.00 0.05 0.00 99.58 0.01
interest rates 8.04 1.16 38.45 0.07 0.00 0.06 4.47 0.35 45.26 2.14
inflation, foreign goods 43.04 0.12 0.70 1.85 0.08 0.82 30.43 0.04 0.22 22.69
inflation, domestic goods 65.52 0.08 0.03 0.00 0.00 0.00 33.99 0.10 0.04 0.24
credit spread 0.00 0.00 3.07 0.00 0.00 0.00 0.00 0.00 96.93 0.00
Euro Area endogenous variables
output 0.19 0.52 0.00 0.70 47.96 2.97 0.57 39.95 6.40 0.75
consumption 0.00 0.00 0.00 0.01 35.61 0.30 0.01 63.67 0.39 0.02
investment 0.00 0.00 0.00 0.12 31.67 7.28 0.15 44.06 16.44 0.26
labor 0.03 0.10 0.00 72.32 10.57 0.87 6.66 7.41 154 0.49
wage inflation 0.00 0.00 0.00 80.86 3.00 0.11 5.61 10.26 0.09 0.06
net worth 0.00 0.00 0.00 0.05 0.01 30.20 0.04 0.01 69.69 0.00
interest rates 0.01 0.02 0.03 412 3.84 36.36 4.13 3.84 45.90 175
inflation, foreign goods 0.20 0.14 0.54 27.85 0.10 0.97 48.36 0.15 0.16 21.52
inflation, domestic goods 0.00 0.02 0.01 60.14 0.39 0.42 36.41 1.39 0.11 1.10
credit spread 0.00 0.00 0.00 0.00 0.00 51.16 0.00 0.00 48.84 0.00
forecast horizon = 4 quarters
U.S. shocks Euro Area shocks Common shocks
Productivity Demand Financial Productivity Demand Financial Productivity Demand Financial Exchange
& cost-push & cost-push & cost-push
. shocks  shocks shocks  shocks shocks  shocks rate shocks
U.S. endogenous variables shocks shocks shocks
output 0.31 60.04 0.94 1.06 0.11 0.02 212 20.83 14.36 0.21
consumption 0.26 50.86 0.76 0.13 0.01 0.13 0.52 43.14 381 0.38
investment 0.48 32.82 0.57 0.02 0.00 0.00 0.29 23.90 41.42 0.49
labor 48.29 27.80 0.48 0.28 0.05 0.01 6.61 8.74 7.13 0.62
wage inflation 47.54 6.54 1.15 0.30 0.02 0.34 3124 8.82 1.20 2.84
net worth 0.22 0.01 0.31 0.00 0.00 0.00 0.13 0.00 99.26 0.06
interest rates 14.95 1.68 30.57 0.15 0.01 0.13 7.99 0.88 37.61 6.03
inflation, foreign goods 41.28 0.17 0.59 217 0.11 0.98 3043 0.07 0.27 23.92
inflation, domestic goods 64.47 0.44 0.16 0.00 0.00 0.02 32.55 0.56 0.29 1.50
credit spread 0.01 0.00 3.02 0.00 0.00 0.00 0.00 0.00 96.97 0.00
Euro Area endogenous variables
output 0.22 0.44 0.00 0.92 38.35 5.48 0.81 39.46 13.23 1.08
consumption 0.00 0.00 0.00 0.02 32.78 0.79 0.01 65.32 0.99 0.08
investment 0.00 0.01 0.00 0.13 20.17 11.71 0.14 38.73 28.76 0.34
labor 0.04 0.10 0.00 70.47 9.23 171 6.57 7.87 335 0.67
wage inflation 0.01 0.01 0.02 75.82 2.86 0.26 8.00 11.11 0.17 1.73
net worth 0.00 0.00 0.00 0.08 0.01 30.06 0.08 0.03 69.72 0.03
interest rates 0.02 0.04 0.07 6.47 3.61 29.67 7.55 8.12 38.06 6.39
inflation, foreign goods 0.20 0.23 0.48 25.85 0.21 154 44.89 0.37 0.20 26.03
inflation, domestic goods 0.01 0.08 0.03 55.65 1.43 1.79 31.22 4,93 0.48 4,38
credit spread 0.00 0.00 0.00 0.00 0.00 51.00 0.00 0.00 48.99 0.00

Notes: Forecast error variance decompositions are obtained by using the posterior mean values of the model
parameters.
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Table 4 (continued). Forecast error variance decompositions, model with common shocks.

forecast horizon = 10 quarters

U.S. shocks Euro Area shocks Common shocks
Productivity Demand Financial Productivity Demand Financial Productivity Demand Financial Exchange
& cost-push shocks  shocks & cost-push shocks  shocks & cost-push shocks  shocks rate shocks
U.S. endogenous variables shocks shocks shocks
output 0.43 57.45 1.04 1.08 0.11 0.03 2.29 20.31 17.06 0.20
consumption 0.28 49.88 0.74 0.22 0.02 0.21 0.63 42.24 5.33 0.44
investment 0.70 29.67 0.78 0.02 0.00 0.00 0.34 21.35 46.65 0.47
labor 47.07 2754 0.55 0.34 0.05 0.01 6.54 8.93 8.38 0.60
wage inflation 46.85 6.30 114 0.38 0.03 0.49 29.56 8.43 2.69 4.12
net worth 0.23 0.01 0.31 0.00 0.00 0.00 0.13 0.01 99.23 0.07
interest rates 14.90 2.26 28.30 0.16 0.02 0.15 7.88 1.39 37.84 7.10
inflation, foreign goods 42.75 0.20 0.60 2.08 0.12 1.09 29.63 0.08 0.26 23.19
inflation, domestic goods 62.81 0.81 0.28 0.00 0.01 0.04 31.34 1.00 0.71 2.99
spreads 0.02 0.01 2.93 0.00 0.00 0.00 0.01 0.01 97.02 0.01
Euro Area endogenous variables
output 0.22 0.42 0.00 0.89 35.49 6.89 0.77 37.04 17.26 1.01
consumption 0.00 0.01 0.00 0.08 32.31 131 0.10 64.56 151 0.11
investment 0.00 0.01 0.00 0.32 17.09  14.13 0.42 3313 34.58 0.31
labor 0.05 0.10 0.00 69.31 9.04 212 6.53 7.91 4.27 0.66
wage inflation 0.01 0.02 0.02 73.82 2.89 0.96 7.91 10.96 0.89 2.52
net worth 0.00 0.00 0.00 0.08 0.01 30.02 0.08 0.04 69.72 0.04
interest rates 0.03 0.09 0.06 6.42 3.58 29.21 7.16 9.31 36.65 7.50
inflation, foreign goods 0.20 0.26 0.43 27.19 0.26 1.84 46.78 0.47 0.18 22.40
inflation, domestic goods 0.03 0.18 0.06 49.36 2.51 4.19 26.65 7.94 1.10 7.99
spreads 0.00 0.00 0.00 0.00 0.00 50.57 0.00 0.00 49.42 0.00
forecast horizon = 100 quarters
U.S. shocks Euro Area shocks Common shocks
Productivity Demand Financial Productivity Demand Financial Productivity Demand Financial Exchange
& cost-push & cost-push & cost-push
. shocks  shocks shocks  shocks shocks  shocks rate shocks
U.S. endogenous variables shocks shocks shocks
output 0.49 55.43 1.09 1.09 0.10 0.03 2.36 20.26 18.96 0.20
consumption 0.34 49.12 0.77 0.31 0.02 0.31 0.70 41.64 6.37 0.42
investment 0.77 27.50 0.85 0.02 0.00 0.01 0.35 20.68 49.30 0.53
labor 45.96 27.18 0.57 0.37 0.05 0.01 6.45 9.14 9.67 0.61
wage inflation 41.33 5.80 1.04 0.95 0.07 121 26.78 7.98 10.50 4.33
net worth 0.24 0.01 0.32 0.00 0.00 0.00 0.13 0.01 99.21 0.07
interest rates 14.22 2.48 26.33 0.32 0.03 0.32 7.61 1.68 40.37 6.65
inflation, foreign goods 43.34 0.22 0.58 2.06 0.12 119 28.94 0.08 0.28 23.19
inflation, domestic goods 58.31 1.03 0.32 0.49 0.04 0.64 29.74 1.35 4,53 3.54
spreads 0.02 0.04 2.83 0.00 0.00 0.00 0.01 0.05 97.03 0.02
Euro Area endogenous variables
output 0.22 0.40 0.00 0.87 33.15 7.78 0.75 36.16 19.66 1.00
consumption 0.01 0.02 0.00 0.24 3171 157 0.33 64.01 1.98 0.13
investment 0.01 0.02 0.00 0.37 15.03  15.20 0.49 3141 37.15 0.33
labor 0.05 0.10 0.00 67.92 8.93 2.45 6.44 8.21 5.20 0.68
wage inflation 0.24 0.42 0.05 61.38 2.80 3.05 11.97 9.52 7.41 3.15
net worth 0.00 0.00 0.00 0.12 0.02 29.85 0.13 0.04 69.79 0.05
interest rates 0.27 0.49 0.08 9.47 3.49 26.24 12.07 8.63 32.92 6.35
inflation, foreign goods 0.24 0.28 0.39 27.81 0.31 2.18 47.18 0.54 0.54 20.53
inflation, domestic goods 0.66 1.29 0.14 3143 3.07 7.43 26.97 6.93 14.02 8.07
spreads 0.00 0.00 0.00 0.00 0.01 49.92 0.00 0.03 50.03 0.00

Notes: Forecast error variance decompositions are obtained by using the posterior mean values of the model
parameters.
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Table 5. Forecast error variance decompositions, comparison across models

Horizon = 1 quarter

Model with shock Model with common shocks and
Baseline model correlation Model with common shocks shock correlation
Euro Euro Euro Euro
U.S. Area U.S. Area u.S. Area  Common u.S. Area  Common
shocks  shocks shocks  shocks shocks  shocks shocks shocks  shocks shocks
U.S. endogenous variables
output 97.39 2.52 73.13 26.86 69.96 0.86 29.03 66.19 13.54 20.24
consumption 99.25 0.58 70.05 29.81 54.81 0.08 44.99 57.13 16.33 26.41
investment 99.57 0.16 64.54 35.26 47.24 0.01 52.36 49.14 9.57 40.89
labor 98.91 0.62 81.15 18.57 80.68 0.24 18.60 74.54 10.76 14.34
wage inflation 98.32 1.53 70.00 29.91 54.82 0.40 44.54 48.34 18.33 33.17
net worth 99.94 0.02 47.06 52.92 0.35 0.00 99.64 1.93 3.76 94.28
interest rates 92.59 2.51 63.79 33.83 47.65 0.13 50.08 52.44 16.77 28.35
inflation, foreign goods 36.19 27.43 44.93 17.97 43.86 2.75 30.70 46.14 4.63 22.20
inflation, domestic goods ~ 99.87 0.01 79.53 20.36 65.63 0.00 34.13 61.38 9.64 28.77
credit spread 100.00 0.00 38.69 61.31 3.07 0.00 96.93 37.00 60.17 2.83
Euro Area endogenous variables
output 0.84 98.60 34.54 65.28 0.71 51.63 46.92 21.49 48.52 29.61
consumption 0.26 99.72 38.98 61.01 0.00 35.91 64.07 23.19 40.25 36.55
investment 0.58 99.25 31.33 68.57 0.01 39.08 60.66 8.13 44.46 47.21
labor 0.26 99.44 15.28 84.60 0.14 83.75 15.61 9.76 77.20 12.76
wage inflation 0.16 99.82 6.68 93.31 0.01 83.97 15.96 6.13 82.81 11.02
net worth 0.00 100.00 39.03 60.97 0.00 30.26 69.74 2.58 32.86 64.57
interest rates 1.06 98.24 35.38 64.41 0.06 44.32 53.88 18.13 49.89 31.17
inflation, foreign goods 19.81 71.06 56.04 42.41 0.89 28.93 48.67 18.32 8.95 63.42
inflation, domestic goods ~ 0.55 99.20 22.36 77.36 0.03 60.96 37.91 10.76 56.56 31.67
credit spread 0.00 100.00 32.85 67.15 0.00 51.16 48.84 3173 66.78 1.49
Horizon = 10 quarters
U.S. endogenous variables
output 96.46 3.43 68.51 31.47 58.93 121 39.66 58.63 12.57 28.76
consumption 97.60 2.07 68.79 30.87 50.91 0.45 48.21 55.26 15.80 28.50
investment 99.57 0.17 58.64 41.16 31.16 0.02 68.35 34.56 7.95 56.99
labor 98.48 1.04 77.79 21.95 75.16 0.39 23.85 70.59 10.33 18.66
wage inflation 94.70 2.80 70.32 27.80 54.30 0.90 40.68 51.65 15.86 29.30
net worth 99.87 0.05 47.11 52.85 0.56 0.00 99.36 2.15 3.79 93.97
interest rates 90.48 3.04 62.94 32.74 45.46 0.33 47.10 51.69 14.35 27.57
inflation, foreign goods 38.26 27.87 45.72 18.17 43.55 3.30 29.97 47.75 4.93 20.10
inflation, domestic goods ~ 98.34 0.18 78.12 20.58 63.91 0.05 33.04 61.94 9.48 26.12
credit spread 99.99 0.00 39.08 60.92 2.96 0.00 97.04 36.08 58.65 5.27
Euro Area endogenous variables
output 0.97 98.41 35.57 64.22 0.64 43.27 55.07 17.99 43.66 37.81
consumption 1.84 98.08 38.99 60.93 0.02 33.70 66.17 22.78 40.30 36.82
investment 117 98.61 34.33 65.52 0.02 31.53 68.13 5.94 36.43 57.35
labor 0.32 99.31 16.41 83.43 0.15 80.47 18.71 9.17 75.11 15.33
wage inflation 0.63 98.60 11.95 87.36 0.06 77.67 19.75 6.74 76.81 14.37
net worth 0.04 99.95 39.04 60.96 0.00 30.12 69.83 2.68 32.68 64.61
interest rates 7.78 89.45 38.54 59.72 0.18 39.21 53.12 15.74 43.46 35.50
inflation, foreign goods 26.75 64.68 55.10 41.94 0.89 29.28 47.43 17.11 9.37 61.13
inflation, domestic goods ~ 5.90 92.07 28.46 68.91 0.27 56.06 35.69 10.99 53.93 27.32
credit spread 0.00 100.00 33.01 66.99 0.00 50.57 49.43 31.25 66.24 2.51

Notes: Forecast error variance decompositions are obtained by using the posterior mean values of the model
parameters.
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Figure 1. Cross-country correlation of macroeconomic variables

GDP growth rate

U.S. U.K Japan Italy Germany France Canada EA OECD
u.s. 1
U.K 0.6585* 1
Japan 0.4733* 0.3511* 1
Italy 0.4273* 0.3073 0.6854* 1
Germany | 0.2386 0.1221 0.7349* 0.7487* 1
France 0.5742* 0.4841* 0.4327* 0.5599* 0.5531* 1
Canada | 0.6518* 0.4857* 0.3537* 0.312  0.0954 -0.0011 1
EA 0.5161* 0.6243* 0.4579* 0.7656* 0.6012* 0.6606* 0.5477* 1
OECD 0.9187* 0.8979* 0.7614* 0.8751* 0.7935* 0.8922* 0.8620* 0.9099* 1
Inflation rate
u.S. U.K Japan Italy Germany France Canada
u.s. 1
UK 0.7986* 1
Japan 0.7179* 0.7835* 1
Italy 0.7336* 0.8066* 0.7060* 1
Germany | 0.6758* 0.6753* 0.6881* 0.6637* 1
France 0.7663* 0.8053* 0.6634* 0.9607* 0.6589* 1
Canada | 0.8395* 0.8471* 0.6817* 0.8709* 0.5872* 0.8911* 1
Unemployment rate
U.s. U.K Japan ltaly Germany France Canada EA OECD
u.s. 1
U.K 0.7191* 1
Japan 0.6210*  0.388 1
Italy 0.1942 02468 0.152 1
Germany | 0.2206 0.0294 0.1747  -0.068 1
France 0.4484* 0.6494* 0.2851 0.5699* 0.3242 1
Canada | 0.8979* 0.6946* 0.5428* 0.3151 0.3028 0.6420* 1
EA 0.5710* 0.6050* 0.2943 0.7358* 0.3955 0.8670* 0.7030* 1
OECD 0.9181* 0.7383* 0.6738* 0.4312 0.3483 0.7064* 0.9260* 0.8039* 1

Notes: The cross-country correlation coefficients are computed by using the year-on-year growth rates of quarterly
real gross domestic product (by expenditure in constant prices, index 2010=1), consumer price indices (excluding
energy and food items, index 2010=100) and unemployment (harmonized unemployment, all persons). * indicates
that Bonferroni-adjusted p-values are less than 0.01.
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Figure 2. Impulse responses to U.S. shocks
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Notes: The figure displays the mean values and the 10 percent confidence band of the impulse responses (in standard
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Figure 2 (continued). Impulse responses to U.S. shocks
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Figure 3. Impulse responses to Euro Area shocks
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Figure 3 (continued). Impulse responses to Euro Area shocks

W h k 0.005 0.001 0.02 0.05
age snoc o z======7 | Consumption _--=7 001 0.00 +
= | e
0.005 -~ 0.001 4 0 005 1f Lab
-0. 0. !
koo -0.01 -0.10 abor
0,01 Output L0.002 002 ~==7 Investment  [-0.15
-0.015 0.003 -0.03 0.20
1357 91113151719 1357 91113151719 1357 91113151719 1357 91113151719
0.6 0.05 0.04
04 Wage Inflation |>%* Inflation 0031 &
\ 0.03 475y 0.02 /77" sQ
0.2 {1 . / Sso
\ 0.02 ~ 0.01 SoSS
o= 0.01 S~ 0 e
. ~—o
~——_ Interest rate
-0.2 0 0.01
1 35 7 91113151719 1 35 7 9 11131517 19 135 7 91113151719
di d 0.05 001 - 0.2 0.04
Credit sprea — 0.005 Consumption e 002 | smmer_
/ Se——— — 0 7 S———
0 . 1 0.00 r—-.——-‘
hock ' 0 — / 7
snoc f 0005 P v 002 |}
005 0905 L eemmm” -0.04
Output 001 0.4 Investment 006 Labor
01 0.015 0.6 0.08
135 7 91113151719 1357 91113151719 1 35 7 9 1113151719 135 7 91113151719
0.02 0.01 0.03
0.01 0.005 0.02
0 = o E——— 0.01 pemmmmm—————
-0.01 0
-0.02 Wage Inflation |00 i oo 5
! ge Inflation Inflation 0.01 Interest rate
-0.03 -0.01 0.02
135 7 91113151719 1357 91113151719 1357 91113151719
015 0.04 08 015
Net worth or D Output 002 e |06 Investment 00 | Labor
S 0 M .
~. . = AN
ShOCk 0.05 \\~\ 002 _____--_--— s \_\\ 0.05 \\~
- ‘ Lo—- . — . ~ao
0 =004 Consumption | 0 = 000 ===
-0.05 0.06 -0.2 .
135 7 91113151719 135 7 91113151719 1 35 7 9 1113151719 135 7 91113151719
01 0.06 015
o 0.0 Inflation 01
- 0,05 | pm=====masi__l_
—e==—==——100ug| 0.02 r ==
o pmmmmmemmeee_____| 0
. 0 10.05
Wage Inflation Interest rate
-0.05 -0.02 -0.1
135 7 91113151719 135 7 91113151719 135 7 91113151719
0.05 0.01 0.1 0.04
Interest rate 0l o L emmmmmmmeae 002
. [ oot Lo 7 000 Saz —
(policy rate) / ol o1 {f 002 |
-0.05 et Consumption -0.04 Labor
Shock Output L0.03 p 02 Investment 0.06
01 0.04 03 0.08
1357 91113151719 1357 91113151719 1 3 5 7 9 11131517 19 1357 91113151719
0.02 0.01 04
0.005 0.3
0 == — \ Interest rate
7 0 102 1%
002 | 7 R ——— \
r 0005 | __.--" 01| N
. _— ) b
-0.04 Wage Inflation | -0.01 Inflation 0 =
-0.06 -0.015 0.1
135 7 91113151719 135 7 91113151719 1 35 7 9 1113151719

Notes: The figure displays the mean values and the 10 percent confidence band of the impulse responses (in standard
deviations) generated by 1 standard deviation Euro Area shocks. U.S. responses, =======EUro
Area responses.

45



Figure 4. Historical decomposition of output
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Figure 5. Historical decomposition of U.S. output, model with common shocks
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Figure 6. Historical decomposition of Euro Area output, model with common shocks
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Figure 7. A comparison of output responses across different models

U.S. output responses to EA shocks and common shocks
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