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1 Introduction

Until the end of the nineties international real business cycles (IRBC) strongly de-synchronized

(Heathcote and Perri, 2003). Since the 2000’s IRBC started to persistently re-synchronize

(Figure 1).1 This paper investigates the role of news shocks, i.e. certain changes in today’s

expectation of future fundamentals, as an IRBC synchronizing force by identifying interna-

tionally fundamental news shocks and estimating their cross-border spillovers. Results are

rationalized using a standard two-country general equilibrium model.

Correlations US and EU with other OECD Countries (HP filtered)

(a) USA (b) EU

Figure 1: Output, consumption and investment international correlations for a rolling window
from 1963:1-1981:1 to 1994:1-2014:4 between US or EU and the rest of the industrialized coun-
tries. The x-axis identifies the the last year of the 17 years rolling window. The methodology follow
Heathcote and Perri (2003)

In a world where financial markets are internationally integrated, news shocks can be an

important source of economic synchronization.2 As shown by Beaudry and Portier (2006),

news shocks, by affecting the values of financial assets, generate immediate effects in the

1The international correlation of GDP, consumption and investment have increased starting in 1999 and
reached levels above the maximum registered in the eighties, peaking after the Great Recession.

2Throughout the paper we define news shocks as certain changes in today’s expectation of future produc-
tivity fluctuations.
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economy before actual changes in business cycle drivers. Therefore also internationally, in

a world in which agents have access to complete set of domestic and international Arrow-

Debreau securities, news shocks can contemporaneously and equally influence economies

across borders (Beaudry et al. (2011), Sakane (2013) and Lambrias (2013)). This can be a

force of IRBC synchronization and the aim of the paper is to evaluate the size and plausibility

of this channel.

Two are the main contributions of the paper. First, it estimates the domestic and cross-

border economic response to news shocks. In order to do that it shows that even to identify

domestic news shock it is crucial to include all available international information, especially

for non-US economies. This is necessary to avoid the problem of ‘non-fundamentalness’

which persists even after having accounted for all available domestic information (i.e. using a

factor-augmented VAR model, as in Forni et al. (2014)). Second, it rationalize the evidence

by showing how a standard two-countries two-goods real business cycle model featuring

investment adjustment costs and different wealth elasticities of labor supply can match the

evidence.

Identifying news structural shocks can be complicated. Small-scale VARs or vector error

correction (VECM) models have hard time to identify structural shocks having a delayed ef-

fect on macroeconomic variables. Estimates are, in fact, affected by non-fundamentalness, as

found by Leeper et al. (2008), Fève et al. (2009) and Forni and Gambetti (2010). Forni et al.

(2014) show that the problem can be muted by using all available information, conveyed by

the first n-principal components extracted from a full list of macroeconomic variables. By

following the same approach we show that all domestic information might not be sufficient.

In fact, in a integrated world, business cycles conditions can be more and more affected by

the international macroeconomic environment. Missing to account for this information can

result in news shocks still subject to international non-fundamentalness.

We test for the relevance of international information by checking if structural news shocks,

identified using a VAR augmented with a properly selected number of domestic-factors, are

true innovations to past available information coming from a foreign country. In practice,

we construct a large dataset including all macroeconomic information for Canada, euro area
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and the US.3 We extract country specific principal components and we run a cross-country

orthogonality test between the estimated domestic shocks and international lagged principal

components. The main result is twofold: first, Canadian and euro area news shock are not-

orthogonal to past US information. Second, US news shocks are instead well identified just

using domestic information. This suggests that Canada and euro area news are importantly

affected by the US economy, but not viceversa.

We therefore proceed by identifying news shock as anticipated movements in productivity

which are orthogonal to both domestic and international macroeconomic information. The

international role of these shocks is estimated using a VARX approach, treating foreign news

shocks as completely exogenous to the domestic economy. Results are summarized by impulse-

response functions and variance decomposition. As hinted by the orthogonality test, the size

of spillovers changes depending on the source of the news shock, with a larger cross-border

effect for US news. Interestingly we find that while GDP, investment and consumption are

co-moving across-countries in response to a news shock, employment is not.

In order to explain these results, we introduce anticipated shocks in a standard two-

country, two-good real business cycle model with complete financial markets. As shown

by previous work, a simple two country stochastic growth model, like Backus et al. (1994)

(henceforth BKK), fails to match IRBC synchronization if assuming complete international

financial markets.4 This explains why financial integration was proposed as a driver of the de-

synchronization experienced in the 90’s (Heathcote and Perri (2003)). However, since then,

financial interconnection did not revert back.5 This explains why we look for an explanation

of the observed re-synchronization maintaining the assumption of complete financial markets.

We show how anticipated productivity shocks, conversely from unanticipated innovations, can

generate a positive cross-country correlation of GDP, consumption and investment.

Empirically, Levchenko and Pandalai-Nayar (2015) also study the role of TFP, news and

sentiments for international business cycle synchronization. Consistently, the paper finds

that when focusing on technology, news shock are important for international co-movements,

3We select, following Forni et al. (2014), 77 series for Canada, 81 for the euro area and 99 for the US.
4The existence of a full set of state-contingent assets implies perfect distribution of risks among domes-

tic and foreign agents and efficient allocation of resources, meaning positively correlated consumption but
negative correlated output, employment and investments.

5For the years before the Great Recession, see Lane and Milesi-Ferretti (2007), among others.
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especially at medium run. However, it also highlights the importance of a non-technology

shock for cross-border spillovers: US sentiments shocks can explain a high share of Canadian

fluctuations. Theoretically, Beaudry et al. (2011), Sakane (2013) and Lambrias (2013) show

that news shocks can be driver of cross-country co-movements. Our contribution is to show

that a fairly standard framework can be slightly modify to explain the evidence of spillovers

of well identified domestic news shocks. Davis (2014) proposes a different channel for the

IRBC sychnronization. It shows that depending on the type of the financial integration

experienced (wealth vs. balance sheet effects), we could have both an increase and a decrease

in international business cycle co-movements. If the wealth effect dominates, as predicted

by the standard IRBC model with incomplete financial markets, we will have a decrease in

the synchronization. Otherwise we could have an increase in the cross-country correlations if

the balance sheet effect dominates.6 We will exclude from this well understood channel and

focus only on productivity news shocks

The paper is organized as follows. Section 2 first computes the IRBC co-movements, up-

dating the work by Heathcote and Perri (2003). Then it estimates the domestic response and

spillovers to news productivity shock, showing that to properly identify them it is important

to consider all available international information. Section 3 rationalize the empirical results

using a two-country, two-goods real business cycle model, showing that investment adjust-

ment costs and variable elasticity of the labor supply are important ingredient to match the

evidence. Section 5 concludes.

6For a full descriptions of the empirical analysis and the theoretical mechanism behind the wealth and
the balance effects we cross-refer to Davis (2014). The wealth effect mechanism was mentioned before and
it will be explained later. The main idea is that shocks have an important wealth effect that spreads among
countries. Instead, the intuition behind the balance sheet effect is the following: a shock to home country
affects the balance sheet of firms/banks. The shock, through financial linkages, affects also the balance sheets
of the foreign country in the same direction. If, due to some financial friction or borrowing constraint, the
size of the bank balance sheet is important for the flow of credits in the economy, we have that the shocks
will have the same impact in both countries, generating co-movements.

5



2 International Real Business Cycles

2.1 Measuring New Changes in Business-Cycle Synchronization

Focusing on the United States, Canada and euro area (EA) we compute levels and evo-

lutions of the business cycle correlations with the rest of the world. We closely follow

Heathcote and Perri (2003), updating their sample from 1960:1 to 2014:4 (Figure 1).

Table 1: Cross-country correlations (HP filtered)

Country Period GDP Consumption Investment Employment
Rest of the World = EU15 + Japan

USA 1961:1-2012:2 0.72 0.55 0.65 0.42
1961:1-1980:1 0.65 0.56 0.66 0.56
1980:2-2002:2 0.32 0.17 0.26 0.15
2002:3-2012:2 0.90 0.82 0.82 0.58

Rest of the World = OECD (minus home country)
USA 1961:1-2012:2 0.78 0.67 0.72

1961:1-1980:1 0.69 0.60 0.66
1980:2-2002:2 0.51 0.25 0.40
2002:3-2012:2 0.92 0.88 0.85

European Union (15) 1961:1-2012:2 0.82 0.65 0.77
1961:1-1980:1 0.75 0.72 0.75
1980:2-2002:2 0.54 0.41 0.52
2002:3-2012:2 0.92 0.82 0.86

USA 1961:1-2012:2 Corr(λH

λF

, RER) -0.09

EU 1961:1-2012:2 Corr(λH

λF
, RER) 0.05

Home country: the USA, Canada and EA; Foreign country: Rest of the world measured both as the sum
of the the other countries plus Japan (see Heathcote and Perri (2003)) or as the sum of industrialized
countries minus the home country (OECD - home). Data are taken from OECD Quarterly National
Account fore the period Q1:1961-Q2:2012. Data on GDP, consumption, gross fixed capital formation
and employment are used Government consumption is subtracted from GDP to avoid that episodes of
wars could bias the results. Appendix 6.1 provides the details on the data used.

We consider respectively USA, Canada and EA as the home country and compute the

rest of the world as the sum of the other countries plus Japan or as the sum of all OECD

countries, minus the home country. Results are sensitive to the set of countries we consider

as the foreign economy but, qualitatively, the results are similar. Table 1 summarizes the

results.

As shown by Heathcote and Perri (2003), from 1960 to 2000, US, Canada and EA business

cycles have become less synchronized with the cycle in the rest of the world. However, starting

in 2000, the international business cycle synchronization picked up again. This is not just a
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consequence of the great Recession, as it can be seen in Figure 1. At the beginning of 2012,

synchronization reached values above the average between 1963 and 1974. The same cycle

applies to all the series considered, not only for GDP or consumption.

Table 1 in addition tells us that those empirical regularities that are in contrast with the

standard IRBC model are still important: a) GDP is constantly more cross correlated than

consumption; b) GDP, investment and employment are strongly correlated across industrial-

ized countries and it is even more so in the last ten years; c) the correlation between realtive

cross-country consumption and the real exchange rate is negative in the United States and

positive but small in the European Union.

2.2 The Role of News Shocks

To test if news shocks are a synchronizing force or not we need first to identify then. The

seminal paper by Beaudry and Portier (2006) and others, like Barsky and Sims (2011), show

us how to do it using different structural VARs specifications. However often, but not always

(see Beaudry et al. (2015) and Forni et al. (2016)), identifying shocks with delayed effects

on macroeconomic variables can be problematic (Leeper et al. (2008), Fève et al. (2009) and

Forni and Gambetti (2010), among others). This is true as data used by the econometricians

might not contain sufficient information to correctly recover true structural shocks. Enriching

the information set on top of structural VARs specification can help solving the problem. This

intuition is grounding the work by Forni et al. (2014) which shows that using factor VAR

models, which allows to include a larger set of information, helps overcoming the issue, often

labeled as ’non-fundamentalness’ (Forni et al., 2009). In a closed economy environment this

is shown to be sufficient.

Economies are however more and more interconnected and subject to economic and fi-

nancial spillovers. Given the goal of our paper, we need to be sure that news shocks are also

internationally fundamental. We need to test if domestic information is indeed sufficient to

identify news shock. Proceeding country by country, we follow Forni and Gambetti (2014)

and test if news shocks identified with a domestic FAVAR model with a properly selected

number of principle components are orthogonal to the lagged information extracted from

foreign economies. We do this respectively for the United States and Canada in the period

7



1981:1-2014:4 and for the Euro Area in the period 1995:1-2014:4 using different FAVAR spec-

ification proposed in the literature. We focus here on the cleanest FAVAR specification, also

used by Forni et al. (2014) as a baseline, proposed by Beaudry and Portier (2006) using TFP

productivity and real stock prices, where news do not move TFP on impact but move real

stock prices.7 Table 2, 3 and 4 summarize the result of this test. They report the p-value

of the F-test of a regression of the news shocks estimated with a FAVAR model with h

principal components on one lag of the first-differenced h+ 1 domestic and foreign principal

components.

Table 2: US Fundamentalness test of domestic FAVAR with domestic and CA factors

Domestic FAVAR Domestic Principal components (from h + 1 to j)
h-domestic factors

2 3 4 5 6 7 8 9 10
h-foreign factors

1
0,20
0,06

0,28
0,06

0,10
0,09

0,10
0,06

0,02
0,10

0,02
0,11

0,01
0,10

0,02
0,15

0,01
0,21

2
0,82
0,27

0,07
0,31

0,09
0,04

0,00
0,06

0,00
0,07

0,00
0,09

0,00
0,14

0,00
0,20

3
0,05
0,32

0,10
0,13

0,19
0,26

0,14
0,15

0,22
0,21

0,31
0,31

0,40
0,42

4
0,71
0,37

0,86
0,65

0,88
0,10

0,95
0,18

0,93
0,28

0,97
0,38

5
0,82
0,84

0,81
0,07

0,90
0,14

0,93
0,25

0,97
0,35

6
0,85
0,05

0,98
0,09

0,99
0,18

1,00
0,28

7
0,96
0,20

0,98
0,29

1,00
0,45

8
0,65
0,34

0,88
0,59

9
0,51
0,59

Note:

Two are the main results. First, in line with Forni et al. (2014), US news shocks are well

identified by using just domestic information. In fact, past information coming both from

Canada and from the Euro Area, the two largest US trade partners, cannot help to predict US

news shocks once all domestic information is properly included in the estimation.8 This can

be seen by focusing on the black lines of Table 2. Following Forni et al. (2014) procedure, we

7In the appendix others FAVAR specification, short and long run restrictions are also tested.
8Table 2 shows the orthogonality test with respect to Canadian information in 1981q1-2014q4. The same

result applies to the EA in 1995q1-2014q4. Table available in the online appendix.
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would select three as the minimum number of principal components to include in our FAVAR

model. News shocks identified by a FAVAR with 3 or more additional domestic principal

components are indeed significantly unforecastable using additional past foreign information.

In fact, the orthogonality of news shocks from past Canadian and EA information is never

rejected. Anticipated cycles in the US are isolated from the rest of the world.

Table 3: CA Fundamentalness test of domestic FAVAR with domestic and US factors

Domestic FAVAR Domestic Principal components (from h + 1 to j)
h-domestic factors

2 3 4 5 6 7 8 9 10
h-foreign factors

1
0,11
0,00

0,05
0,00

0,00
0,01

0,01
0,02

0,01
0,03

0,01
0,06

0,02
0,05

0,03
0,03

0,04
0,06

2
0,55
0,29

0,69
0,12

0,60
0,21

0,38
0,22

0,42
0,17

0,52
0,26

0,48
0,32

0,10
0,38

3
0,54
0,40

0,09
0,57

0,09
0,03

0,16
0,00

0,18
0,00

0,24
0,00

0,28
0,00

4
0,64
0,70

0,62
0,93

0,70
0,88

0,79
0,83

0,89
0,85

0,92
0,71

5
0,45
0,89

0,65
0,83

0,77
0,76

0,89
0,74

0,95
0,64

6
0,75
0,09

0,84
0,17

0,95
0,31

0,97
0,25

7
0,82
0,47

0,84
0,70

0,67
0,73

8
0,53
0,71

0,35
0,93

9
0,18
0,88

Note:

Second, on the contrary, Canada and Euro Area news shocks identified with only domestic

information are non-fundamental. Past US information can help forecast Canadian and

EA news shocks even after having included the necessary information to select domestic

fundamental shocks. As can be seen in Table 3 and 4, the domestic criteria would select

respectively 2 and 5 principal components for Canada and EA. These are however insufficient

to guarantee fundamentalness with respect to past foreign information. This can be seen in

the red p-values of Table 3 and 4.9 Anticipated cycles in Canada and EA are not isolated

from the rest of the world.

Considering this, we proceed to identify Canadian and EA news shocks including in the

9In Table 3 foreign information corresponds to US information while in Tab 4 is summarized by the first
principal components extracted from a large dataset including US and Canada.
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Table 4: EA Fundamentalness test of domestic FAVAR with domestic and foreign factors

Domestic FAVAR Domestic Principal components (from h + 1 to j)
h-domestic factors

2 3 4 5 6 7 8 9 10
h-foreign factors

1
0,42
0,10

0,25
0,01

0,40
0,02

0,01
0,03

0,02
0,02

0,04
0,03

0,05
0,03

0,07
0,05

0,01
0,07

2
0,11
0,76

0,14
0,63

0,00
0,32

0,00
0,02

0,00
0,04

0,00
0,00

0,00
0,00

0,00
0,00

3
0,30
0,34

0,00
0,63

0,00
0,05

0,00
0,08

0,00
0,01

0,00
0,02

0,00
0,00

4
0,00
0,98

0,00
0,50

0,00
0,26

0,00
0,01

0,00
0,01

0,00
0,00

5
0,26
0,62

0,50
0,43

0,41
0,27

0,51
0,07

0,66
0,13

6
0,80
0,28

0,25
0,22

0,37
0,08

0,52
0,13

7
0,76
0,09

0,95
0,01

0,77
0,03

8
0,97
0,02

0,76
0,08

9
0,36
0,85

Note:

FAVAR model international information. This can be done using principal components ex-

tracted not from a domestic but from a global dataset composed by macroeconomic variables

of all countries, condensing both the global and local information. The minimum number

of principal components necessary to guarantee the orthogonality of the estimated domestic

news shocks from past domestic and international information is then included. In practice,

we perform the orthogonality test of a FAVAR, with an increasing number of world principal

component, with respect to all areas of the world separately and we stop at the minimum that

satisfy joint orthogonality. Table 5 shows the test for the EA on the sample 1995q1-2014q4.

Table 5 shows that 6 global principal components should be included in the estimation.

Performing the same test for Canada in 1981q1-2014q4 sample (Tables available in the ap-

pendix), we select 3 global principal components. The selected number of global principal

components is included in our baseline VAR with TFP and real stock prices (proposed by

Beaudry and Portier (2006)) and news shocks are identified as those (i) do not move TFP

on impact but can move real stock prices and (ii) have maximal impact on TFP at the 40

quarters horizon. From the FAVAR model we then extract the identified domestic news
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Table 5: EA Fundamentalness test of international FAVAR with domestic and foreign factors

International FAVAR Domestic Principal components (from h + 1 to j)
h-domestic factors

2 3 4 5 6 7 8 9 10h-US factors
h-CA factors

1
0,33
0,65
0,29

0,19
0,55
0,25

0,34
0,72
0,27

0,37
0,85
0,42

0,28
0,58
0,47

0,32
0,71
0,60

0,18
0,11
0,61

0,12
0,16
0,71

0,16
0,09
0,70

2
0,09
0,31
0,09

0,17
0,06
0,10

0,32
0,09
0,14

0,48
0,00
0,03

0,60
0,00
0,06

0,73
0,00
0,08

0,75
0,00
0,02

0,35
0,00
0,00

3
0,79
0,03
0,93

0,66
0,01
0,65

0,47
0,00
0,01

0,56
0,00
0,02

0,63
0,00
0,02

0,67
0,00
0,01

0,32
0,00
0,00

4
0,42
0,00
0,38

0,23
0,00
0,00

0,30
0,00
0,01

0,29
0,00
0,01

0,43
0,00
0,01

0,27
0,00
0,00

5
0,42
0,03
0,14

0,48
0,09
0,34

0,57
0,19
0,54

0,58
0,26
0,33

0,48
0,16
0,29

6
0,51
0,92
0,34

0,19
0,97
0,53

0,27
0,99
0,41

0,32
0,92
0,55

7
0,29
0,54
0,24

0,57
0,65
0,37

0,63
0,83
0,53

8
0,58
0,12
0,45

0,54
0,30
0,71

9
0,80
0,88
0,99

the p-value of the F-test in a regression of the news shock estimated using specifications

shocks.

In order to evaluate the relevance and potential synchronizing force of news shocks we

estimate a 7 domestic variables VAR-X model in which we include foreign news shocks,

identified as explained above, as exogenous variables. Following the literature we include as

domestic variables TFP, real stock prices, real consumption, hours worked, real output, real

investment and expected business conditions from surveys and inflation. We then proceed

in two steps. First we compute the corresponding dynamic multipliers of news shocks on

domestic macroeconomic variables. This allows us to test if foreign news shocks are indeed a

synchronizing or de-synchronizing force. Second we perform an historical decomposition to

check the relevance of these shocks for IRBC.
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Figure 2 shows the effect of a US news shock on the the US (green line - IRF from FAVAR)

and on Canada (blue line - dynamic multipliers from VAR-X). As it can be see, US news

shocks are a synchronizing force across countries. This holds also for the EA.

Dynamic Multiplier of a US news shock on Canada
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Figure 2

Then, to evaluate the relevance of news shocks for domestic and foreign business cycle

fluctuations we compute both a variance decomposition for the role of news shocks on do-

mestic variables and an historical decomposition for the role of foreign shocks in the realized

cycle. Figure 3 shows the role of US news shocks for Canadian stock prices, consumption,

investment and business expectations between 1982q1 to 2014q4.
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Historical decomposition of the role of US news shocks on Canadian business cycle
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Figure 3:

Table 6 quantifies the role of US news shocks on Canada and the Euro Area. The

coefficient is calculated using the historical decomposition performed using the VAR-X. In

fact, given the impossibility of using the standard forecast error variance decomposition to

assess the role of the exogenous shocks we compute a proxy by the ratio of the averaged

square of the contribution of foreign news shocks (to the historical decomposition) to the

Mean Squared Error.

On one hand, US news shock are a non neglibile driver of International Real Business

Cycle in Canada but not as much in the Euro Area. In fact, by looking at the percentage of
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Table 6: Average percentage contribution of US-news shocks in Canada/Euro Area fluctuations

Country Period TFP Stock Prices Consumption Hours Output Investment Expectation Index Inflation
Canada 1982:2014 7,13 7,41 5,05 10,23 2,09 10,59 26,83 4,73
Euro Area 1995:2014 2,85 2,03 2,45 3,34 2,74 5,40 8,19 4,50

Using the historical decomposition from the VAR-X, values are indicating the relative importance of
US-news shocks computed as the ratio of the averaged square of the contribution of each structural
shock (to the historical decomposition) to the Mean Squared Error, in percentage.

the explained variance of news shocks, US anticipated shocks explain an important fraction

of the fluctuations of those variables more sensitive to changes in expectation: 7% of stock

prices fluctuations, 10% of Investment fluctuations and 27% of the consumer survey expected

indicators are due to news shocks in the US. AS shown clearly by Figure 3, US news shocks

played an important contractionary role during the Great Recession. As for Europe, US news

shock are accounted to be less relevant, effecting only up to 2% stock market flucutations and

8% expectations of consumers. Due to the strict identification of news shocks and the VAR-X

exogeneity assumption, we claim that this numbers are indeed lower bounds estimates.

Table 7: Variance decomposition to domestic news shocks in Canada and Euro Area

Horizons
Country Period Variables 0 4 8 16 24 40
Canada 1982:2014 TFP 0,00 3,24 7,01 12,83 17,65 24,76

Stock Prices 17,45 6,49 8,45 11,46 13,92 17,66
Consumption 18,20 6,08 4,68 7,33 12,43 22,29

Hours 6,83 5,98 12,81 20,08 24,46 29,21
Output 11,44 17,93 21,42 27,32 31,95 38,69

Investment 29,91 11,71 9,65 9,23 11,13 17,29
Exp Index 7,86 3,36 6,62 10,08 12,08 13,42
Inflation 74,68 67,89 67,42 65,50 63,29 61,32

Euro Area 1995:2014 TFP 0,00 7,58 16,94 20,33 19,50 24,29
Stock Prices 9,15 6,92 12,27 13,16 14,16 20,52
Consumption 15,02 4,55 11,04 24,46 27,24 27,35

Hours 10,59 3,87 11,90 31,01 35,57 32,62
Output 2,86 3,61 10,08 13,94 13,27 19,00

Investment 17,23 3,77 10,33 22,43 25,18 25,00
Exp Index 9,69 13,71 20,59 19,86 20,27 24,65
Inflation 15,20 13,02 12,98 13,87 15,88 16,89

FAVAR Variance decomposition to a domestic news shocks identified in Canada with 3 global principal
components and in the EA with 6 global principal components

On the other hand, news shocks are computed to be not marginal driver of domestic
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business cycle fluctuations. For the domestic impact of domestic news shocks we can perform

a standard variance decomposition of the forecast error at different horizons using our FAVAR

model, where news shocks are identified as explained above with the previously selected

number of global principal components. Table 7 shows the result, which are in line with the

number computed by Forni et al. (2014) for the US.

3 The Model

We now rely on a theoretical framework to explain how and why, domestic news shocks can

act as a synchronizing force across the cycle. The modeling framework has been proposed

by Backus et al. (1994). The world is characterized by two countries inhabited by the same

number of identical infinitely lived households. The two countries produce a differentiated

tradable good respectively with domestic labor and capital. Factors of production are inter-

nationally immobile but international financial markets are complete.

Productivity shocks are the only source of fluctuations in the model. For those shocks we

include an anticipated component: agents learn about the shock exactly a year before the ac-

tual realization of it. We follow the exposition of the model developed by Heathcote and Perri

(2002).

3.1 Baseline Model

The two countries i ∈ {H,F} produce respectively a differentiated good j ∈ {a, b} which is

traded internationally. We denote with S the set of all possible events and with st ∈ S the

particular event experienced in time t. st denotes the history of events up to and including

date t. We attach a probability π(st) to each history of events. A variable X(st, st+1) will

depend on the history up to time t and will be related to the specific event st+1.

The infinitely lived representative household, in country i, enjoys consumption of a final

good Ci(s
t) and leisure (1− Li(s

t)):

U
(
Ci(s

t), 1− Li(s
t)
)
=

1

1− σ

[
C

µ
i (s

t)
(
1− Li(s

t)
)1−µ

]σ
(1)

Households, in each country i, supply labor and rent the owned capital stocks, Ki, to
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perfectly competitive intermediate-good firms that produce good j for wage Wi and interest
rate Rk

i . Labor and capital are internationally immobile but international asset markets are
complete, providing a full set of Arrow securities. Let Bi(s

t, st+1) denote the quantity of
bonds purchased by household, in country i, after history st, that pays one unit of j good in
period t + 1, if the state realized is st+1. Qi (s

t, st+1) denotes the price of the bond in units
of the domestically produced good. The budget constraint of household in country i can be
written as:

Ci(s
t) + Ii(s

t) + q
j
i (s

t)
∑

st+1

Qi

(
st, st+1

)
Bi(s

t, st+1) = q
j
i (s

t)Bi(s
t−1, st)+

+ q
j
i (s

t)
[
Rk

i (s
t)Ki(s

t) +Wi(s
t)Li(s

t)
]

(2)

for {i = H, j = a} and {i = F, j = b}

where qj is the price of intermediate good a and b in terms of the final good Fi respectively

in country H and F. Consumption, Ci and investment, Ii, are denoted in final good units.

Investment augments the capital stock following the law of motion:

Ki(s
t) = (1− δ)Ki(s

t−1) + Ii(s
t)10 (3)

The major difference between our baseline specification and the original paper by Backus et al.

(1993) is that we remove the assumption that capital needs time to accumulate. We will in-

troduce an equivalent assumption later making clear why it is worth to investigate the role

of friction in the accumulation of capital separately.
At period 0, the representative household, in country i, maximizes his/her expected life-

time utility subject to the budget constraint (2) combined with the law of motion of capital
(3):

max
Ci(st),Li(st),Ki(st)

E0

∞∑

t=0

∑

st

π(st)βt 1

1− σ

[
C

µ
i (s

t)
(
1− Li(s

t)
)1−µ

]σ

s.t. Ci(s
t) +Ki(s

t)− (1− δ)Ki(s
t−1) + q

j
i (s

t)
∑

st+1

Qi

(
st, st+1

)
Bi(s

t, st+1) =

= q
j
i (s

t)
[
Rk

i (s
t)Ki(s

t) +Wi(s
t)Li(s

t)
]
+ q

j
i (s

t)Bi(s
t−1, st)

where β < 1 is the discount factor which, for simplicity, is assumed to be constant.

Domestic intermediate firms produce only good a and foreign intermediate firms produce

only good b. The output is carried with country specific technology using labor and capital

10In the original version of the model, proposed by Backus et al. (1994), the investment technology requires
time to build new capital. We will introduce in section 4.1 an isomorphic way to model adjustment costs.
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combined in a Cobb-Douglas production function. Firms, in country i, maximize profits:

max
Li(st),Ki(st)

Yi(s
t)−Wi(s

t)Li(s
t)−Rk

i (s
t)Ki(s

t)

subject to Yi(s
t) = Zi(s

t)Ki(s
t)θLi(s

t)1−θ, Ki(s
t), Li(s

t) ≥ 0 (4)

As in the budget constraint,Wi(s
t) and Rk

i (s
t) are the wage and the price of capital expressed

in terms of the intermediate good produced.

The intermediate goods are used by the final good firms to produce Fi, which is formed

by domestically and foreign produced goods. Those firms are perfectly competitive and have

a constant return to scale technology available (Armington aggregator):

Fi(ai(s
t), bi(s

t)) =





[
γ

1

ǫ ai(s
t)

ǫ−1

ǫ + (1− γ)
1

ǫ bi(s
t)

ǫ−1

ǫ

] ǫ

ǫ−1

, for i = H
[
(1− γ)

1

ǫ ai(s
t)

ǫ−1

ǫ + γ
1

ǫ bi(s
t)

ǫ−1

ǫ

] ǫ

ǫ−1

, for i = F

(5)

where γ sets the preferences for the home produced goods and ǫ is the elasticity of substitution

between the domestic and foreign good. We set γ ≥ 0 allowing for home bias in consumption.

Final good firms maximize profits choosing the optimal demand for good a and b solving the

following maximization:

max
ai(st),bi(st)

Fi(s
t)− qai (s

t)ai(s
t)− qbi (s

t)bi(s
t)

subject to ai(s
t), bi(s

t) ≥ 0 and equation (5). (6)

Market clearing for intermediate and final goods requires that:

aH(st) + aF (s
t) = YH(st), (7)

CH(st) + IH(st) +GH(st) = FH(st); (8)

bH(st) + bF (s
t) = YF (s

t), (9)

CF (s
t) + IF (s

t) +GF (s
t) = FF (s

t). (10)

The law of one price holds throughout the world, for both goods, and asset market clears:
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BH(s
t, st+1) +BF (s

t, st+1) = 0, ∀st+1 ∈ S. (11)

Before defining the competitive equilibrium, we present the definition of three important

international variables. The terms of trade, from a domestic perspective, is defined as the

price of imports with respect to exports: TOTH(s
t) =

qb
H
(st)

qa
H
(st)

. The real exchange rate, given

the assumption of complete markets is given by the risk sharing condition and is defined as

the price of the foreign final good with respect to the domestic final good: RERH(s
t) =

qa
H
(st)

qa
F
(st)

.

Finally we define the net export, NXH(s
t), as the ratio between the value of the exported

goods minus the value of the imported goods to output:

NXH(s
t) =

aF (s
t)− TOTH(s

t)bH(s
t)

YH(st)
(12)

As a source of fluctuations we include only productivity. The two exogenous sources of

fluctuations, country i technologies (ZH , ZF ), follow these processes:


ẑH(s

t)

ẑF (s
t)


 =


 ρz ρzz

ρzz ρz




ẑH(s

t−1)

ẑF (s
t−1)


+


ǫ

Z
H(s

t)

ǫZF (s
t)


 (13)

with


ǫ

Z
H(s

t)

ǫZF (s
t)


 ∼ N




0
0


 ,


 σ2

ǫZ
H

σǫZ
H
ǫZ
F

σǫZ
H
ǫZ
F

σ2
ǫZ
F






(14)

where ẑH and ẑF represent the log deviation from steady state of those variables.

For each shock we introduce an unanticipated but also an anticipated component. Fol-

lowing Schmitt-Grohé and Uribe (2012) notation, if xt = ρxxt−1 + ǫxt identifies a general

exogenous process, we assume that the error terms follows the structure:

ǫxt = ǫx0,t + ǫx4,t−4 (15)

where ǫx4,t−4 is today’s realization of a shock that was acknowledged a year before. For a

full and detailed exposition of this method of introducing anticipated shocks we cross-refer
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Table 8: Calibrated Parameteres - Baseline Model

Par Value Description
β 0.99 Discount Factor
µ 0.34 Consumption Share
σ 2 Risk Aversion
δ 0.025 Depreciation of capital
θ 0.36 Capital’s share of output
γ 0.7208 Calibrated using import share = 0.15
ǫ 1.5 Trade elasticity
Technology process[
ρz ρzz
ρzz ρz

]
=

[
0.906 0.088
0.088 0.906

]

V ARǫZH = V ARǫZF = 0.008522

Corr(ǫZH , ǫZF ) = 0.258
gt = 0

to section 3 of Schmitt-Grohé and Uribe (2012). We will follow this assumption, of having

both an unanticipated and anticipated shock component in every specification of the model

that we will see from now on.

Let st = {Z}, where Z = {ZH , ZF}. The competitive equilibrium is a set of home

and foreign representative household decision rules Ci(st), Li(st), Ki(st) and Bi(st); a set

of domestic and foreign intermediate good firms decision rules Ki(st) and Li(st); A set of

domestic and foreign final good firms decision rules ai(st) and bi(st). A set of pricing functions

qai (st), q
b
i (st), R

k
i (st), Wi(st), Qi(st) such that they satisfy: 1. the household problem; 2. the

intermediate and final firms problem; 3. the market clearing conditions.

Table 8 summarizes the values of the benchmark paramenters. We treat the United

States as the domestic country and the rest of the world as the foreign country. We make

this choice for two reasons: first, it allows us to better compare the results from the model

with the empirical evidence presented in section 2; second, considering just a single country

as a foreign economy will imply focusing on a really small fraction of the international flow

of goods of the USA (see Heathcote and Perri (2002)). The benchmark parameters are taken

from Backus et al. (1994). The discount factor is set equal to 0.99, the consumption share

to 0.34 and the risk aversion to 2. Looking at the production side, capital share of output is

0.36, the depreciation rate of capital is 10 percent per year and the import share is set equal

to 0.15. The most important parameter, ǫ, which determines the elasticity of substitution

between domestic and foreign goods, is set equal to 1.5 (Heathcote and Perri (2002) and
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Backus et al. (1994)). For the technology process we follow exactly the specification proposed

by Backus et al. (1994).

After having shown the implication of anticipated shocks in the IRBC baseline framework,

section 4.1 assesses the importance of anticipated shocks in a model with little short run

wealth effects on the labor supply and investment adjustment costs.11

4 Results

Unanticip vs. Anticip Productivity Shock - Baseline Model
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Figure 4: Impulse-responses to a positive unanticipated and anticipated technology shock (baseline
model).

Figure 4 depicts the impulse-responses of the baseline model to both an unanticipated

and an anticipated positive productivity shock in the domestic economy. Focusing first on

the more standard unanticipated shock, the dotted line, we see clearly how the model is

unable to generate international co-movement of some variables.

In response to an unanticipated productivity shock consumption increases almost equally

11To simulate the model with use Dynare. For the details see Adjemian et al. (2011)

20



in both countries while output increases a lot more in the country hit by the shock. As

explained in ??, this is a consequence of the full risk sharing assumption. Hours worked and

investment have opposite reactions in the two countries. Marginal products of factors increase

in the economy hit by the shock pushing up investment and labor, as the labor supply wealth

effect is smaller than the substitution effect due to the increase in wages. Instead, in the

foreign economy, the opposite happens as a result of the positive wealth effect, spread into

the country through the value of the international assets. This leads to a reduction of hours

worked and investment in the foreign economy: capitals will be invested more in the relative

more productive country. Net export, therefore, decreases despite the gained international

competitiveness of the terms of trade and the real exchange rate.

The mis-match between the model implications and the empirical findings is importantly

reduced when we consider anticipated shocks. As can be seen in figure 4, the model can

now generate positive international cross-correlation of output, employment and investment.

Notice, in table 9, that the model is able to reduce some important IRBC puzzles: output

has a positive cross correlation of 0.32; consumption international co-movement is reduced;

investment and labor do not have opposite reactions.

The ability of anticipated productivity shock to synchronize the IRBC comes from the

symmetric effect that news have on both economies in the periods preceding the realization

of the shock. In fact, through the value of the internationally asset portfolio, the wealth

effect of the anticipated shock is spread among the countries in a symmetric way. Another

way of interpreting the role of the anticipated shock is that, in the periods preceding the

actual change in productivity, it generates a symmetric cross-country demand shock.

However, notice that the ability of the BKK model with anticipated shocks to match the

IRBC properties is illusory. It is a well documented fact that a persistent anticipated shock, in

a frictionless neo-classical framework, generates the wrong behavior our output, consumption

and employment. A positive persistent productivity shock is transmitted to both countries

as an increase in wealth that leads agents to increase the demand for both normal goods:

consumption and leisure. This generates a decrease in the labor supply. Productivity, until

the shock realizes, is constant and capital is inherited from the previous period. Therefore

output, and then investment, fall in both economies. This generates positive international
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co-movement but fails to match the domestic business cycle properties: output, consumption

and employment response positively to an increase in expected productivity.

The results we have just presented were derived assuming the Backus et al. (1994) calibra-

tion. Changes in productivity were transmitted in-between countries through two channels.

First, we allowed some degree of international spill-over, ρzz = 0.088, generated by the fact

that the productivity of one country is partially influenced by the past productivity of the

other country (equation 14); second, following Backus et al. (1994), we have assumed that

shocks are correlated across countries σǫZ
H
ǫZ
F

= 0.258.

We are now interested in understanding how the anticipated shocks would improve the

cross-correlation of international business cycle variables when we assume that shocks are

not correlated and there is no spill-over effect. We first assume a zero correlation between

shocks leaving the spill-over effect and then we assume that there is no relationship in the

productivity processes of the two economies. In table 9 we present the results. Anticipated

shocks can still reduce the distance with the empirical evidence, even when we exclude

possible spill-over effects, but, as we can see, the improvement is reduced. In fact, the

model, without assuming any correlation between shocks, is unable to generate a positive

co-movement of investment across countries just as a reaction to anticipated productivity

shock.

4.1 Jaimovich-Rebelo preferences and adjustment costs of invest-

ment

We have just shown how international business cycle features are better matched when an-

ticipated shocks are introduced in the standard international business cycle model. However,

while the model performs better in terms of international cross-correlation, it performs worse

in terms of domestic business cycle regularities: output, consumption and hours worked

should move in the same direction of the anticipated technology shocks. The persistency

of the shock in addition to the frictionless neo-classical framework generates an equilibrium

in which the labor market dynamics doesn’t allow to have an increase in all the variables

in response to an anticipated shock (figure 4). The reason comes from the strong positive

wealth effect caused by the future expected increase in productivity. Given that capital is
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Table 9: International Business Cycle Statistics (HP filtered)

Correlation

Economy (yH , yF ) (cH , cF ) (IH , IF ) (LH , LF ) (λH

λF

, RER)

Data 0.72 0.55 0.65 0.42 -0.09
Base Model Non-Antic. TFP -0.06 0.91 -0.81 -0.93 0.95

Antic. TFP 0.32 0.80 0.10 0.49 0.83
Base Model Non-Antic. TFP -0.32 0.85 -0.96 -0.88 0.95
(no corr) Antic. TFP 0.07 0.69 -0.17 0.26 0.83
Base Model Non-Antic. TFP -0.32 0.55 -0.46 0.03 0.97
(no corr/no spill-over) Antic. TFP 0.01 0.26 -0.30 0.05 0.83
Invest. Adj Cost Non-Antic. TFP -0.17 0.85 -0.01 -0.37 1
(no corr) Antic. TFP -0.07 0.16 0.62 0.25 1
Jaimovich-Rebelo pref. Non-Antic. TFP 0.13 0.98 -0.90 0.30 0.89
(no corr) Antic. TFP 0.04 0.95 -0.47 0.12 0.72
JR + Inv Adj Cost Non-Antic. TFP 0.34 0.97 -0.04 0.68 1
(no corr) Antic. TFP 0.24 0.95 0.65 0.60 0.99

Incomplete Markets
Base Model Non-Antic. TFP 0.23 0.37 -0.76 -0.72 0.45

Antic. TFP 0.42 0.53 -0.30 0.52 0.31
Base Model Non-Antic. TFP -0.03 0.13 -0.84 -0.83 0.45
(no corr) Antic. TFP 0.18 0.32 -0.51 0.31 0.31

Output, consumption, investment and employment cross-country theoretical correlations compared
with the data from 1960-2012 for the USA. The last column shows the correlation between the relative
domestic and foreign consumption and the real exchange rate. All the variables, in the data and in
the model, are hp-filtered. (no corr) stands for a parametrization in which shocks are not correlated
across countries. (no spill-over) indicates ρzz = 0.

inherited from the previous period and productivity will not change until the shock actually

realizes, the only force that can generate an increase in output is labor. However, the de-

mand of labor from the firm size does not change while the supply of labor, driven by the

positive wealth effect, shifts down. The result is a decrease in hours worked and a decrease

also of GDP and investment. A different specification of preferences, different information

structures, nominal and real rigidities have been introduced in models featuring anticipated

shocks to avoid this well known problem. Lorenzoni (2011) provides a comprehensive review

of the different solutions proposed and their mechanism.

In order to exploit the ability of anticipated shocks to synchronize IRBC fluctuations,

we need to introduce a new specification of the model that does not suffer from the wrong

domestic business cycle behavior of the frictionless neo-classical model. From previous litera-

ture we learned that the combination of preferences that can control the degree of the labor

wealth effect and frictions in the adjustment of capital is sufficient for anticipated produc-
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tivity shocks to generate the proper co-movements. Therefore we introduce the preferences

specification proposed by Jaimovich and Rebelo (2009) and investment adjustment cost in

the model. Starting from the investment adjustment cost we introduce the two features in the

model, one at the time, in order to properly understand the role played by each modification.

Lucca (2007) proved that adjustment costs associated with changes in the rate of invest-

ment are isomorphic to the time-to-build models used by Backus et al. (1994). In addition,

Jaimovich and Rebelo (2009) showed how investment adjustment costs can be important

for anticipated shocks: an increase in the cost makes it more convenient for agents to ad-

just sooner the stock of capital generating a smoother adjustment; capitals, if the cost is

sufficiently large, will start to increase at the time of the news shock generating positive

complementarities on the demand side of labor.

Capital accumulation, in equation 3, is substituted by this new formulation:

Ki(s
t) = (1− δ)Ki(s

t−1) + Ii(s
t)

[
1− φ

(
It

It−1

)]
, (16)

where the function φ represent the adjustment costs to be paid when the level of invest-

ment changes over time. We assume that φ(1) = φ′(1) = 0 and φ′′(1) = ηk > 0. As in

Jaimovich and Rebelo (2008) we set ηk = 1.3.

Table 9 shows the results for the cross country correlation in response to both unantici-

pated and anticipated positive productivity shock in the domestic economy. Not surprisingly

the model, for both shocks, works better in terms of the investment dynamics generating

a positive cross-country correlation. Anticipated shocks improve in the matching of all the

co-movements but, as before, the ability of generating a positive correlation between the

domestic and the foreign labor market is driven by the decrease in the labor supply in the

domestic economy hit by a positive anticipated shock.

To solve the problem of the miss-behavior of the labor market in response to anticipated

shocks, we introduce a preference specification that allows us to control, through a parameter,

the degree of the wealth elasticity of the labor supply. We follow Jaimovich and Rebelo (2009)

formulation:
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U(Ct, Lt) =

{
Ct − ψLL1+ν

t Xt

}1−σ
− 1

1− σ
, (17)

where

Xt = C
µ
t X

1−µ
t−1 . (18)

Utility depends on consumption at time t, Ct, and hours worked Lt. Xt controls the

wealth effect on labor supply through the parameter µ ∈ [0, 1]. By changing µ we can

account for two important classes of utility functions used in the business cycle literature:

King et al. (1988) types of preferences (KPR henceforth) when µ = 1 and Greenwood et al.

(1988) when µ = 0 (GHH henceforth). As in Jaimovich and Rebelo (2009), we impose µ > 0,

in order to put some weight on the KPR preferences which are growth consistent. We set

the parameter µ = 0.0001 in order to decrease the degree of the wealth effect on the labor

supply consistently.

In order to isolate the results coming from the new utility specification, we first present the

results assuming that the investment sector does not have any adjustment cost. Afterwards

we combine the two new features in the baseline model to understand the role of anticipated

shocks for the IRBC, when also the correct closed economy business cycle properties are

satisfied.

Comparing the results between this new specification and the baseline framework, in table

9, we see how controlling the role of the wealth effect on the labor dynamics allows us to

improve significantly in two aspects of the IRBC. Both for the unanticipated and anticipated

shocks, the labor cross-country correlation becomes really close to the empirical findings and

the output becomes positively correlated across country. We can conclude that the simple

introduction of GHH preferences solves for both unanticipated and anticipated productivity

shocks the puzzle related to the employment negative cross-country international dynamics

of the standard IRBC model.

However, by just changing the preferences, we cannot match the proper dynamics of

investment and by just using the investment adjustment costs we cannot match the correct

labor dynamics (hours worked decrease in the country which experienced the anticipated
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productivity shock). We then add both features to the model contemporaneously and we

check what happens. With the exception of the puzzles related to consumption (Backus-

Smith and consumption correlation puzzle) the model matches the international business

cycle regularities quite well with anticipated shocks. Anticipated shocks, now consistent also

with the proper closed business cycle economy properties, can really overturn some of the

major puzzles in the international business cycle literature.

In order to understand how well anticipated shocks do in improving the ability of the

standard BKK model to match the IRBC characteristics, we compare the results with the

most used modification of the model in which financial markets are incomplete. Following

Heathcote and Perri (2002) we assume that there is only one non contingent bond available

in the economy.12 All the other assumptions are back to the baseline framework: separable

utility function and no investment adjustment costs. As previously found in the literature,

the model with incomplete risk sharing, is now able to reduce the cross-correlation of con-

sumption and, in particular, performs much better in terms of the correlation between relative

consumption and the real exchange rate (table 9). This should not come as a surprise given

that we break the tight relation between consumption and the real exchange rate. However

two things are worth noticing. First, the model performs poorly with respect to the cross-

correlation between labor and investment in the two countries. In fact it generates a strong

negative correlation as opposed to the positive correlation seen in the data. Second, the

positive international co-movement of output holds only as long as we keep the two shocks

being correlated. In the last line of table 4 we see how the model performs poorly when

we assume zero correlation between the shocks. Anticipated shocks, even in the incomplete

financial market setup, perform better in terms of IRBC properties.13

We conclude that just by adding anticipated shocks in the standard international real

business cycle model and being careful in controlling both the positive wealth effect on the

labor supply and the speed of capital adjustment, we can improve the performance of the

model significantly, without the need of assuming incomplete markets. The reason why we

12For a description of the framework we use, see Heathcote and Perri (2002), Enders and Muller (2009)
and Opazo (2006). As in Enders and Muller (2009), we use endogenous discount factor to close the model
and ensure stationarity and uniqueness of the steady state

13For a deeper analysis of anticipated socks in this framework we cross-refer to Opazo (2006)
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are careful in assuming that markets are incomplete is the evidence shown in figure 1(b) by

which we see that the cross-country correlation of consumption is increasing to levels similar

to the ones implied by the models with complete financial markets.

5 Conclusion

We have examined the importance of anticipated shocks in a standard two-country, two-good

real business cycle model with complete financial markets. The increased synchronization of

the United States and the European Union business cycles with the rest of the world found

in the data and the evidence that the international financial integration process is increasing

(Lane and Milesi-Ferretti, 2007) motivated us to find a source of international co-movements

that works without the need of assuming imperfect risk sharing across countries.

From the empirical analysis we have found that international business cycle synchroniza-

tion has been strongly increasing from the beginning of the year 2000. After the strong

decrease in the synchronization, found by Heathcote and Perri (2003) and attributed to the

wealth effect generated by the increasing financial integration, we now face a world in which

the international-business cycle co-movements are particularly strong and the financial mar-

ket is increasingly internationally integrated with respect to previous years. Explaining

open-economy puzzles by just assuming financial market incompleteness could be puzzling

in itself given that the data tell us that consumption cross-country correlation has almost

reaching the values implied by models with complete financial markets.

We have found that anticipated shocks are an important source of international real

business cycle movements in a world in which financial markets are complete. Once we

have controlled for the positive wealth effect of the labor supply and we have introduced

a mechanism by which capitals adjust smoothly, the otherwise standard IRBC model can

account for the majority of the puzzles by just introducing some anticipated component in

the productivity shocks. An anticipated technology shock generates a positive cross-country

correlation of output, consumption, investment and hours worked. However, notice that the

model cannot solve the Backus-Smith puzzle. That should not come as a surprise given

that in the model we do not break the mechanism by which relative consumption is strongly
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correlated to the real exchange rate. A possible solution that we leave for future research

is to understand if the model with complete financial market could solve the Backus-Smith

puzzle by introducing anticipated shocks and limited international enforcement of contracts.

We conclude that anticipated shocks are an important source of international synchro-

nization in a world in which financial markets are more and more integrated.
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6 Appendix

6.1 Data Sources

We list here the data used for the empirical analysis:

1. Gross Domestic Product - expenditure approach, OECD Quarterly National Account, Millions

of US dollars, volume estimates, fixed PPPs, OECD reference year, annual levels, seasonally

adjusted [for USA, EUROPEAN UNION 15, JAPAN, TOTAL OECD].

2. Private Final Consumption Expenditure , OECD Quarterly National Account, Millions of

US dollars, volume estimates, fixed PPPs, OECD reference year, annual levels, seasonally

adjusted [for USA, EUROPEAN UNION 15, JAPAN, TOTAL OECD].

3. Central Government Final Consumption Expenditure, OECD Quarterly National Account,

Millions of US dollars, volume estimates, fixed PPPs, OECD reference year, annual levels,

seasonally adjusted [for USA, EUROPEAN UNION 15, JAPAN, TOTAL OECD].

4. Gross Fixed Capital Formation, OECD Quarterly National Account, Millions of US dollars,

volume estimates, fixed PPPs, OECD reference year, annual levels, seasonally adjusted [for

USA, EUROPEAN UNION 15, JAPAN, TOTAL OECD].

5. Real Effective Exchange Rate - Price-adjusted Major Currencies Dollar Index, Foreign Ex-

change Rates - H.10, Board of the Governors of the Federal Reserve System [for USA]; Euro-

stat, Industrial countries’ effective exchange rates including new Member States - quarterly

data (ert eff ic q) [for EUROPEAN UNION 15].

6. Weekly Hours, Establishment Survey, BLS [USA and EUROPEAN UNION 15] and ILO -

montlhy data [JAPAN]

7. Real GDP, net of government consumption = (1) - (3)
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