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Abstract 
This paper studies the relationship between the Spanish real aggregate 

fluctuations and those of its European neighbors in the last decades. It stud­
ies the ability of alternative International Real Business Cycle models (based 
on Backus, Kehoe and Kydland (1994)) with different degrees of international 
interdependencies, to capture the observed comovement between the Spanish 
and European business cycles and compares the fit of those models using a 
probabilistic measure based on Gregory and Smith (1991, 1993) and Canova 
(1994, 1995). We find that (i) common shocks are important and that (ii) 
mechanisms of interna.tional transmission of shocks other than trade in con­
sumption goods and services and spillovers in total factor productivity shocks 
are required in order to explain the joint fluctuations between Spain and its 
European neighbors. 





1 INTRODUCTION 

1 INTRODUCTION 

The internationalization of developed economies has led to the observation of in­
creasing economic interactions across countries. Not only the foreign sector (in­
cluding both the effect of international trade in goods and services and that of 
international capital markets) is increasingly important to explain the fluctuations 

of modern economies, but there is also a well documented tendency among mod­
ern economies to move together (see, among others, Danthine and Girardin (1989), 

Blackburn and Ravn (1991), Backus and Kehoe (1989), Ravn (1993), Christodoulakis, 
Dirnelis and Kollintzas (1993) and Fiorito and Kollintzas (1994)). 

The purpose of this paper is twofold. Firstly, we assess empirically the character­
istics of and the interdependencies between the Spanish real aggregate fluctuations 
and those of its EU neighbors (in particular, France, Germany, Italy and the UK) 
over the period 1970.I-1996.IV. This will allow us to obtain an empirical reference 
to evaluate the convenience or viability of policies in the context of an increasing 
economic integration of these economies, like the ones implied by the EMU. As we 
know from the literature of optimal currency areas, the critical question is whether 
the economies involved in the integration process appear to have similar and syn­

chronous responses to shocks, or whether their cycles differ in terms of their intensity, 
duration and timing. In the second case asymmetric policies are called for 1 at least 
when factor mobility remains less than perfect, and countries may lack incentives to 
adopt common policies. In the first one, common economic policies are viable since 
business cycle propagation mechanisms would be fairly similar across countries. 

Secondly, we try to understand the mechanisms underlying the observed interde­
pendencies: the transmission mechanisms of aggregate fluctuations and idiosyncratic 
shocks across countries, the response to common shocks, . . .  by means of standard 
International Real Business Cycle models. 

Section 2 deals with the first aim of the paper. Standard measures of volatility, 
persistence and comovements with GDP of the business cycle component of main 
macrovariables are computed to study whether the Spanish economy responds sim­

ilarly to shocks than the other main EU economies. It can be the case that not only 
the propagation mechanism of shocks within each country is similar, but also that 
the business cycles are synchronous across countries because the economies suffer 

-7-



1 INTRODUCTION 

symmetric shocks or are highly integrated in the sense that fluctuations in one coun­
try are transmitted fast to another. In those two cases a high degree of comovement 
or joint fluctuation of aggregate variables across countries would be observed. We 
characterize the comovements between the Spanish Be and that of a trade weighted 

average of France, Germany, UK and Italy (as well as with each of them) using 
standard cross-country correlation analysis. 

Consistently with the results of Dolado, Sebastian and Valles (1993) and Or­
tega (1994), among athersl , we find that the business cycle propagation mechanism 
inside Spain since 1970 is fairly similar to that in other EU countries, despite the 
differences in government consumption, exports and labor variables. We also find a 
strong comovement between the Spanish and European business cycles, especially 
in GDP, investment and net exports (which move synchronously) and private con­

sumption (with a lag in Spain of around a year). The stronger and more synchronous 

relationship is found with France and Italy_ The German and UK fluctuations are 

less correlated to the Spanish ones, although significantly, and lead by around a 
year many Spanish variables. Therefore, with the exception of a certain lag in some 
Spanish variables, we find evidence of a similar and synchronous business cycle in 

Spain and the other main European economies. 
Section 3 presents alternative versions of a standard two-country two-good Inter­

national Real Business Cycle model based on Backus, Kehoe and Kydland ( 1994), 
where the possible sources of aggregate fluctuations are both demand shocks (gov­
ernment spending shocks) and supply shocks (technology shocks), which can be 
idiosyncratic or common. The two countries aim to represent Spain and the trade 
weighted average of the other four EU countries. The transmission mechanism of 
these fluctuations across countries is trade in consumption goods and services as 

well as cross-country spillovers in supply and demand disturbances. We study four 
alternative models which differ in the degree of international interdependencies they 
include, i.e. autarky, autarky with common shocks, trade only (no common shocks) 

1 Many recent papers have measured the business cycle characteristics of the Spanish economy 

as well as their relationship with those of other countries using different methodologies, series or 

time periods. See, for example, Zimmermann (1997), Licandro and Puch (1997), Wynne and Koo 

(1997), Royuela and Pons (1997) and Perez (1997). The closer to our analysis are Ortega (1994) 
and Borondo, Gonzalez and Rodriguez (1997). 
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INTRODUCTION 

and full interdependence. We also explore whether incorporating indivisibilities in 
the labor supply as in Hansen (1985) yields cross-country interdependencies which 
are closer to the observed ones. When giving values to the deep parameters of the 
model, the researcher is faced with some degrees of uncertainty. We follow Canova 

(1994, 1995) and Canova and Ortega (1996) and account for this uncertainty by 
defining distributions for the model parameters based on the range of values given 
in the literature. Then, we present the predictions of the models in terms of the 
characterization of the Spanish Be and of the cross-correlations with the EU aggre­
gate. 

We find that common shocks are important in explaining the joint fluctuations 
between Spain and its European neighbors, but the simulation a.nalysis identifies 
the need to include more mechanisms of international transmission of shocks other 
than trade in consumption goods and services. Some degree of market-specific shock 
to the labor variables should also be included to increase labor market volatilities 
and reduce their correlation with GDP fluctuations in order to meet the actual 
ones. The use of random parameters significantly improves the comovements be­
tween domestic series and confirms the insufficient modelization of the cross-country 
comovements. Indivisible labor does not help explain the latter although it increases 

cyclical volatilities as desired. 
Section 4 uses a simple probabilistic approach proposed by Canova (1994, 1995), 

based on Gregory and Smith (1991, 1993), to evaluate the performance of a cali­
brated model using the uncertainty introduced by the stochastic nature of the exoge­
nous processes and, when it is the case, by the stochastic parameters . We apply that 
approach to assess formally, beyond simple inspection of the model and actual data 
statistical properties, to which extent the different models proposed can reproduce 
the interdependencies observed between the Spanish and the EU real aggregate Be 
fl':lctuations. Such model evaluation confirms the conclusions of the previous sec­
tion and identifies the model with both trade and common shocks and with random 
parameters as the closer to the observed cross-country comovements. 

Section 5 summarizes and concludes. 
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2 CHARACTERIZATION OF THE BC FACTS 

In order to characterize the Spanish business cycle and its relationship with that 
of other countries we first have to define what the business cycle is. In their semi­

nal contribution to the measurement of business cycles, Burns and Mitchell (1947) 
specified business cycles as cyclical components of no less than 6 quarters and they 
found that US business cycles typically last fewer than 32 quarters. Here we follow 
Baxter and King (1995) who, departing from that definition, build an approximate 
band-pass linear filter which eliminates very slow moving (trend) components and 

very high frequency (irregular) components while reta.ining intermediate ( "business 
cycle") stationary components from a given series. 

They show that their method, a two-sided moving average very simple to im­
plement, is an optimal approximation to the ideal band-pass filter for extracting a 
specified range of periodicities, but has the cost (higher the longer the maximum 
lag in the moving average, as in any linear filter) of loosing observations at the tails 

of the sample. They show how their business cycle filter is preferable to other de­
trending and smoothing techniques commonly used for business cycle analysis2 like 
the removal of a linear trend, first-differencing or the application of the Hodrick­
Prescott (HP) (1980) filter". We apply their method of extracting the business cycle 
component both to the Spanish macrovariables and to those of the other countries 

to which the Spanish Be is compared. 

We have chosen to focus on France, Germany, UK and Italy as the reference 
countries. Apart from obvious reasons as geographical, cultural and historical prox­
imity, we have concentrated on only these four economies because they are the main 
trading partners for Spain and, hence, the more potentially influential on the Spanish 

2The effects on business cycle statistics of alternative detrending methods has been documented 
in many pieces of the macroeconometrics and time series literature, e.g. Canova. (1993b). 

3While linear detrending would not remove the stochastic trend from many macroeconomic time 
series, first-differencing introduces a phase shift which alters timing relationships between variables 
by re-weighting strongly toward the higher frequencies and down-weighting lower frequencies. They 
also show that the HP filter can be a good approximation of the ideal high-pass filter which 
eliminates frequencies lower than the corresponding to a 32-quarter cycle without removing the 
higher frequency irregular variation in the series, and tbat it imposes substantial distortions on 
the cyclical components at the ends of the sample. 
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aggregate fluctuations. 
Chart 1 displays the percentage of Spanish quarterly total trade with industrial 

countries (IND, upper line) and developing countries (DC) for the period 1973.1-
1997.1 (Source: Direction of Trade Statistics, IMF). Among the industrial countries, 
the joint share of France, Germany, UK and Italy (EU4) is the dominant and in­
creased with time, especially since the entry of Spain in the EEC in 1986. The US 
was the largest individual country trade share at the beginning of the sample but it 

has continuously fallen down to the point of being surpassed by the Spanish trade 
with Portugal in the last 4 years (see Chart 2). The other trade partners are either 

oil·exporting countries (whose relationship to Spain is governed by the evolution of 
. 

the oil markets rather than by their macroeconomic evolution) or developing coun­
tries with whom trade is either based on a single product (as with oil, and hence the 
evolution of the economy would affect the Spanish GDP depending on the evolution 

of that specific market) or on specia.llinkages other than macroeconomic interdepen­
dencies (as with Latinamerican countries). Chart 2 shows that EU countries other 
than Germany, France, Italy and the UK have important trade relationships with 
Spain, of around 5% of the total Spanish trade at times (note the rise of the Por­
tuguese share), but still substantially smaller than those four countries. Considering 

also that they are smaller countries and the lack of data (Belgium and Luxemburg 
do not have quarterly national accounts, and Portugal and the Netherlands only 
since 1977), we have decided not to include them in the EU4 aggregate to which to 
compare the Spanish Be facts. 

The EU4 aggregate is a trade-weighted average of the corresponding French, 
German, UK and Italian series. The shares applied are each country share in total 
Spanish trade with the EU4 area, and are displayed in Chart 3 (left scale). It is 
important to note that the relative share of each of the four countries has kept very 

stable across time, the French and German ones being almost twice the Italian and 
UK ones. 

2.1 Characterization of the Spanish BC 

Our Spanish data set consists of quarterly real GDP (Y), private consumption (C), 
public consumption (G), fixed investment (FI), inventory investment (II), total in-
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2 CHARACTERIZATION OF THE BC FACTS 

vestment (I=Fl+II), exports (X), imports (M) and net exports (NX=X-M) of goods 
and services, all in thousands of pesetas per capita (dividing each series by the pop� 
ulation between 16 and 65 years old), constant prices of 1986. The source is INE, 
Contabilidad Nacional Trimestral, and the sample period is 1970.I-1996.IV. French, 
German, UK and Italian corresponding series are obtained from OEeD Quarterly 
National Accounts for the same period. For comparison across countries, we have 
transformed all series into thousands of US$ per capita dividing by each country's 
average US$ exchange rate of 1986. Aggregate quarterly lahor series are people em­
ployed as a share of the labor force (N), average quarterly hours per worker (H). total 
hours worked per capita (TH=NxH) and average labor productivity (AP=Y/TH). 
They differ across countries in the sample size available and in the definition of h. 

For Spain, the sample size starting the earliest possible is 1976.III-1996.lV (Source: 
INE, Encuesta de Poblacion Activa)4. The source for the other four countries OEeD 

Main Economic Indicators. Full sample employment series is available for the four 

EU4 countries. The availability of hours series determines the sample size of H, 

TH and AP (1970.l-1996.lV for Germany and the UK, 1972.I-1996.lV for Italy and 
1980.l-1996.lV for France)'. Figures la, lb, 2a and 2b plot the per capita series 

corresponding to Spain and the EU4 aggregate, respectivel�. 

4The source for the Spanish hours series is OECD MEl up to 1989.1V since the EPA data start 
only in 1990.1. The series are the original ones and have not been seasonally adjusted. This is not 
an inconvenience for our study when we use the Ba.."'{ter and King (1995) band-pass filter to extract 
the business cycle component, since it excludes high-frequency fluctuations as the seasonal ones. 
Other filtering methods that �eep short run movements (BP filter and growth rates) will reflect 
the Jack of seasonal adjustment in the BC component they extract for the Spanish H series. 

5The quarterly series available for each country are the following, Italy: Index of hours per 
worker, base 1986, which we have multiplied by 40 bours/week x 13weeks/quarter to obtain the 
quarterly hours series. Germany: Average monthly hours in manufacturing and mining, which has 
been converted into an index, base 1986, and multiplied by 40 hours/weekx13 weeks/quarter as 
in Italy, France: Average weekly hours in industry, converted into quarterly hours multiplying by 
13. UK: 'there is no hours series available, so we have imposed 40x 13 for the whole sample size. 

6Plots of the other single country series are not reported here due to space limitations but are 
available from the author upon request. It is important to note that the German per capita series, 
including N, show a sharp decrease in 1991 due to the reunification. Given the high weight of 
Germany in the EU4 aggregate, we can observe the 1991 German effect also in the EU4 aggregate 
series. 
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Several studies report stylized facts of Be of several economies, among others 
Backus and Kehoe (1989) for ten OECD countries, the same ones as Blackburn and 
Ravn (1991), Fiorito and Kollintzas (1992) for the G7 and Christodoulakis, Dimelis 
and Kollintzas (1993) for the EU countries. As they do, we follow the standard 

methodology of modern Business Cycle analysis as defined in Kydland and Prescott 
(1991) and compute the variability (absolute percentage standard deviation, and 
relative to GDP), persistence (first, second and fourth order autocorrelation) and 
comovements of the business cycle components of the selected series (correlation 
of GDP with another series leading by 5 quarters, k=·5, to lagging by 5 quarters, 
k=5, the GDP series). We take an autocorrelation coefficient as significant if it 
lies outside [-2jr, 2J"i:L T being the sample size7. We define a series coincident, 
leading or lagging by k quarters the cycle, i.e. the GDP cycle, if its maximum 
correlation (underlined and in bold case in the tables) with GDP occurs at lag 0, 
-k or k, respectively, and is significant (greater in absolute value than twice their 
Newey and West (1987) consistent S.E., which is marked with a star in the tables). 
The series is procyclical when the correlation coefficient is positive, countercyclical 
when negative, acyclical when not significant. 

We obtain the business cycle component (in lowcase) applying the above men­

tioned Baxter and King ( 1995) optimal approximate band-pass filter to the logs of 
our series8. In particular, for quarterly series as the ones we study and for extracting 
the component associated to cycles 6 to 32 quarters long, they recommend a maxi­
mum lag for the two-sided filter of 12 quarters. This means loosing the first and last 
3 years of data. Our sample size for Spain now is 1973.1-1993.IV (1979.III-1993.IV 
for labor variables) and for the EU4 aggregate it is 1973.I-1993.1V, including also n 

(1983.I-1993.IV for h, th and ap). Table 1 displays the BC statistics of the band-pass 
filtered Spanish series, Table 2 those of the EU4 aggregate and Table 3 summarizes 
the Be facts of France, Germany, Italy and the UK9. Figures 3a and 3b compare 

7In the Spanish (EU4 aggregate) case, it is [-Tsi, 0.221] for national accounts series (id., also 

for N) and [7si, 0.267] for labor series ([�, 0.3]). 
8When a series can take negative values (this is the case for II and NX), output ratios of the 

series are taken instead of their logs (that is, II/Y and NX/Y). 
9More complete Be statistics for France, Germany, Italy and the UK separately are not reported 

here due to space limitations. Similarly, we do not report the Be facts computed for HP filtered 
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the business cycle component of each Spanish series obtained with three filtering 
methods. Results for other countries are similar. It can he seen how the HP filter 
yields a BC component similar to the Baxter and King band-pass filter (BaxKing) 
hut different to it the more important the short run movements are in the series, 

e.g. the seasonality existing in the h seriesl O• The first differences of the series 
(Diff), where those high frequency movements are overvalued, differ substantially 
from both. 

The basic findings about the Spanish BC are the following: 
• Real GDP (y) is strongly positively autocorrelated up to lag 4th. This fact is 
consistent with the findings for the other countries, and for all other aggregate 

variables (except for ii and nx in some cases). It is generally interpreted as a sign 
of a strong persistence in the Be fluctuations. 
• Consumption (c) is strongly procyclical and coincident with the GDP cycle, as 
it happens to its EU neighbors (except for France, where it leads the cycle by one 

� 

quarter). It is slightly more volatile than output, contrary to the evidence reported 

for other countries (except the UK). In the literature, consumption is found slightly 
less volatile than output (as we find for France and Germany), procyclical and 
generally coincident. As Blackburn and Ravn (1991) point out, one should be careful 
in concluding from these high volatilities that there is no consumption smoothing: 

total private consumption includes that of durable goodsll . 
• Government consumption (g) is slightly less volatile than output, procyclical and 
lags by 5 quarters the GDP (coincident in first differences). This policy element 
seems not to have been used to counterbalance the cycle but, as argued in Dolado, 

series and first differences for all five countries and the EU4 aggregate. All these tables are available 
from the author upon request. 

laThe distortion in the tails of the sample induced by the HP filter does not affect here since 
we have truncated the sample size to meet the sample size from applying the band-pass filter of 
Baxter and King. The reason for the divergence is that the HP filter does not remove the higher 
frequencies. 

llBlackburn and Ravn (1992) also find for the UK higher volatility in private consumption 
than in output, and show that this is caused, as one would expect, by a high variability of the 
consumption of durables while that of non-durables fluctuates less than output. In fact, Licandro 
and Puch (1997) find, for a similar period, a relative standard deviation for a measure of private 
consumption which includes only non-durables and the services of durables of 0.69. 
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Sebastian and Valles (1993), this does not mean that government spending was not 

used countercyclically. Other components of government spending (e.g. subsidies 
or transfers) may have been used tei offset the cycle. As found in any other inter­
national comparison, there is no common pattern across countries for government 
consumption 12 . 

• Investment (i) is almost four times more volatile than output, procycIical and co­
incident with the Be. Its two components are also very volatile. Fixed investment, 
ft, is 3.5 times more volatile than output, strongly procyclical and moves contem­
poraneously with the cycle. Since the output share of inventory investment, ii, is 
small, movements in the ratio can be attributed to movements in the numerator so 
that its volatility is particularly high. ii is procyclical and lags the cycle by one or 
two quarters. We find the same pattern across the EU countries studied, except for 
a smaller volatility in fixed investment than in Spain and the finding that for some 
countries fi lags by one quarter the cycle or ii is coincidental or even leading by one 

quarter. For different set of countries and periods of time, Fiorito and Kollintzas 
(1994) and Blackburn and Ravn (1991) find the same results . 
• The output share of net exports (nx) is a very volatile seriesl 3, considerably more 

volatile than in the other countries, clearly countercyclical (acyclical in Germany) as 

in the other countries and moves contemporaneously to the output cycle (leading by 
one quarter when looking at first differenced series). Its components are clearly more 
volatile than output. Imports (m) are strongly procyclical and lead the cycle by a 
quarter. Exports (x) are not significantly correlated with the cycle. This contrasts 
with other EU countries where exports are procyclical and are coincident or lead 
by one quarter the GDP. The concentration of Spanish exports make them more 
dependent on their particular competitiveness in the world market rather than on 
the Spanish economy. The same results we find are reported elsewhere for the main 
OECD countries, except for the uncorrelation of exports. 

12Government consumption is found acydical in France, procydical and lagging by 1 quarter 

in Germany while leading by 2 quarters in Italy, countercyclical and leading by 4 or 5 quarters 

in the UK, and hence, acyclical in the weighted average of these four countries (EU4). Our 

results coincide with those reported by Fiorito and Kollintzas (1994). Again, it is difficult to draw 

conclusions about the role of fiscal policy from these facts. 

13Also here, fluctuations in the ratio can be attributed to movements in the numerator (NX). 
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• Employment ( n) is more volatile than output, strongly procyclical and coinciden­
tal. In France, Italy and the UK the volatility is found lower than output, which 
can be due to a more important employment effect of the two oil crisis in Spain and 

to other Spanish factors like industrial restructuring policies in the last decades. 
Employment in the other EU countries is also procyclical, and generally lags by 1 or 
2 quarters, consistently with the results reported in the literature. Employment in 
Germany is more volatile essentially because of the effects of the 1991 reunification. 
• Hours per worker (h) is found less volatile than output and acyclical, as in France, 

whereas more volatile and procyclical in Germany and Italy (lagging in Germany 

and coincidental in Italy). These series are the less homogeneous both in sample 
sizes and in definition, therefore comparison should be done with care. HP filtered 
hours per worker series (as found in Fiorito and Kollintzas (1994)), and even more 
first-differenced ones, display a substantially hjgher volatility than output since they 

incorporate the short run fluctuations of the original hours series, which includes its 
seasona.lity. 
• Total hours (th) movements should be also interpreted with cate. They are found 
more volatile than output, procyclical and coincidental but lagging by one quarter 
when looking at HP filtered series or at first differences, as in Germany and France 
(the latter is found less volatile than output, maybe due to data heterogeneity). In 
Italy, th is in phase with the output cycle. 
• Average Labor Productivity (ap), in output per worked hour, is more volatile than 
output because of total hours volatility, countercyclical and coincidental or lagging 

by one quarter. Consistently with the literature, it is procyclical in France and the 
UK. In Germany ap is countercyclical and slightly lagging as in Spain, and acyclical 
in Italy. 

Summarizing, we find the Spanish BC very similar to the BC in its main EU 
partners, especially France and Italy, displaying features common to many OECD 
countries in the post WWII period. Consumption, investment and employment are 
strongly procyclical and coincident with GDP, and net exports are counter-cyclical. 
We find as in the literature that there are considerable differences in government 

spending behavior across countries. The main differences with other EU4 countries 
are the higher relative volatility of consumption and employment (higher than that 
of output) and the behavior of exports and labor market series. 
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It is important to note that these results are not found very sensitive to the 

detrending procedure used despite the fact that the actual values of the moments 

may change. The main differences are the much lower autocorrelation coefficients 

when we look at the rates of growth of the series, as one would expect, and the 

decrease in absolute standard deviations and in all labor variables Be statistics, 

since they include high frequency movements excluded in the band-pass filter among 

which the strong seasonality of the hours series (which increases dramatically the 

volatility of h, th and apl. 

This can be taken to suggest that the Be p1YJpagation mechanism of Spain is 

fairly simUaJ' to that in the other main EU economies. It can be the case that not 

only the propagation mechanism of shocks within each country is similar, but also 

that the business cycles are synchronous across countries because the economies 

suffer symmetric shocks or are highly integrated in the sense that fluctuations in 

one country are transmitted fast to another. In those two cases a high degree of 

comovement or joint fluctuation of aggregate variables across countries would be 

observed. Next we study this issue. 

2.2 The joint fluctuation with Europe 

To help the comparison of the Spanish Be and the European one, Figures 4a and 4b 

show jointly the business cycle components of the EU4 aggregate and the Spanish 

series (discontinuous line) for the whole common sample: 1973.I-1993.IV for national 

accounts series, 1979.I11-1996.IV for employment (NJ and 1983.l-1993.IV for the 

other labor seriesl'. Although the Spanish real CDP clearly lags the EU4 in the 

first half of the sample, the series get more synchronous towards the end reducing 

the lag to almost complete synchrony. This evolution is mostly happening in private 

consumption and investment. This is probably the effect of the higheT integration of 

the member economies as the European Union was progressing. Table 4 displays the 

correlations of the Spanish variables with those of the EU4 aggregate and Table 5 

14Recall that all variables are expressed in the same units: thousands of US$ of 1986 per capita 

for nat.jonal accounts series, labor force share of employment for N, hours per worker for hand 

total hours worked per capita for ap. 
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summarizes the correlations between Spain and each country in the EU4 aggregatel5. 
The basic results are: 

• Spanish variables are most correlated with the French ones. The Spanish vari· 
abies are strongly positively correlated to French variables (only exports and inven­
tory investment are negatively related, and average productivity non significantly 
correlated) .  The business cycle components of both countries are synchronous for 
y, fi, m and n and the French cycle leads by one quarter the Spanish one in c, i, nx 
and tho This might reflect either the higher interdependence of these economies or 
the more similar structure of the two economies (in terms of institutions, response 

to common external influences, . . .  ) .  
• y, c ,  ii, i, m ,  nand th are significantly and positively correlated between Spain 
and Germany, all of them indicating a lead of the German BC over the Spanish one 
of 1 to 5 quarters (GDP by 4, c by 5) except total investment, which fluctuates 
synchronously in both countries. 

• The smallest relationship is found with the UK economy. Only y, c, ii, nand th 

are correlated, positively (except ii) and the UK variables lead the Spanish ones by 
around 5 quarters (except ii, which lags the Spanish ii cycle by 2 quarters) .  
• The Italian B C  is found positively related to the Spanish one and in phase. Con­
temporaneous correlations are the highest, significant and positive for almost all 
variables. Only GDPs are not sufficiently correlated to be significant, Italian em­
ployment and government consumption lag their Spanish counterparts, while th and 

ap lead the Spanish series. 
Summarizing, we have found that the Spanish business cycle is very related to 

the EU4 one, with a coincident evolution of GDP, investment, imports and net ex­
ports, and with private consumption in the EU4 leading by more than a year the 
Spanish one. Inventory investment in Europe lead by a quarter the_ Spanish ones, 
while the cycle in employment and total hours lead the Spanish ones by around a 
year. The least correlated series are government consumption (because of different 
national fiscal policies) 1 exports (because of the different destinations of each coun-

15Cross-country correlations using filters different to the Baxter and King (1995) band-pass filter 
(HP filter and first differences) are not reported here due to space limitations but are available 
from the author upon request, as well as complete tables like Table 4 for each of the four countries 
in the EU4 aggregate. 
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try's exports) and hours series (and hence th and ap, because the hours series are 
the more heterogeneous across countries). The strong relationship found with the 
EU4 aggregate is essentially due to France and Italy, while the interdependence with 
the German and UK cycles is also significant and mainly characterized by the lead 
they have of around a year over the Spanish Be. 

3 THE MODEL ECONOMIES 

Section 2 has shown that the business cycle in Spain has been similar and syn· 
chronous to that of the other main ED economies in 1973.I-1993.IV, with the ex­

ception of a certain lag in some Spanish variables. This section uses several model 
economies in order to study to which extent the comovement observed can be a sign 

of (i) a transmission to Spain of fluctuations in other countries originated by their 
own country-specific shocks and viceversa, or of (ii) a similar response to common 
shocks. We explore alternative versions of a standard two-country two-good Interna­
tional Real Business Cycle model where one country represents Spain and the other 

the EU4 aggregate defined earlier. The possible sources of economic fluctuations in 
the model are stochastic shocks from both the demand and the supply side of the 

economy, either country-specific or common (i.e. contemporaneous cross-country 
correlation between shocks)16. Demand disturbances take the form of exogenous 
government spending shocks while supply disturbances are identified with technol­
ogy shocks (exogenous total factor productivity shocks). Given the importance of 
trade flows between Spain and France, Germany, Italy and the UK, the specific 
mechanism of international transmission of shocks and fluctuations considered in 
the model is trade in consumption goods and services, together with cross-country 
spillovers in the shocks processes. We define the same economic environment for the 
two countries, led by similarities found in Section 2 between the internal propagation 
mechanisms in Spain and the EU4 aggregate. 

Each country specializes in the production of a single differenciated good, in 
the lines of Backus, Kehoe and Kydland (BKK) (1994). Each country is populated 

16Note that we include in the category of "common shocks" those generated in one country 
which have contemporaneous effects on the other country. 
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by a. large number of utility maximizer infinitely-lived identical individuals. The 
representative agent sells the services of capital and labor, purchases the goods 
produced by the firms in order to he consumed or invested, owns all the firms and 
receives all the profits. There are complete financial markets within countries and 
free mobility of physical and financial capital across countries. However, labor is 
immobile internationally. All variables are expressed in per capita terms. 

Each agent in country i has preferences given by the utility function 

� 
U; = EoL{3'U;,(C;,L;,) (1) 

1=0 

where Git is consumption at time t, Lit is leisure and f3 the discount factor. The 
endowment of time is 1 at each period, which constrains leisure to be I-Nih i.e. 

to fluctuate between 0 and 1, Nit being the share of total time, net of sleep and 
personal care, each agent devotes to market activities in country i for period t. The 
instantaneous utility function takes the form 

U· = _1
_(C' L1-')1-. for q '" 1 tt I-a I! I! , 

U;, = BlnC;, + (1 - O)lnL;, , for q = 1 

(2) 

where 0 < f} < 1 is the share parameter for consumption in the composite commodity 
and a is the risk aversion parameter. 

Licandro and Puch ( 1997) find that incorporating indivisibilities in the labor 
supply a-la Hansen (1985) improves somehow the performance of the labor sector 
in a closed economy RBC model for Spain. Although our modeling exercise does 
not aim to capture the aggregate fluctuations of the Spanish labor market variables, 
a modelization which accounts for some idiosyncracy of the Spanish labor market 

(e.g. rigidities leading to a higher persistence of shocks) may help reproducing the 
observed relationship between the Spanish real aggregate fluctuations and that of its 
main EU neighborsI7. Having that in mind, we explore the effects of incorporating 
indivisible labor as in Hansen (1985) into our IRBC models, which means that each 

17There is an increasing body of literature incorporating labor market rigidities into stochastic 
dynamic general equilibrium models as the one described here (among others, Feve and Langot 
(1996) and Gall (1995)), whose application to our case we leave for further research. 
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agent has the choice of working a fixed number of hours at time t, say No, or not at 
all. In other words, a contract to work a share of time No with probability tf#; and 
a hours with probability l-� is traded between agents and firms. With 0'=1, as in 
Hansen (1985), this means that the instantaneous utility function takes the form: 

u" = e InC" + (1 - 8)[N" In(1 - No) + (1 - �;' )In(1 - 0)1 = 8 InC" + 
No "0 

( _ 8)ln(1 - No) N = e I C _ (1- 8)ln(l- No) 
L ( 1  _ 8)ln(1 - No) 

1 I\T It n It ;\T It + II.T iVa Jva iVa 
(3) 

There is a representative firm operating in each country that produces output 
with a constant returns-to-scale production function 

where [(it and Nit are capital and total hours of work used by firms in country t 

and a: is a parameter governing the output share of labor. Xit represents the labor 
augmenting technical progress, which grows at the exogenous constant rate fx-l 

(4) 

Total factor productivity, Ai!, follows the joint process 

[ InA" ] = [ PAl V21 ] [ lnA"_1 ] + [ c" ] , c, _ N ([ 
0 
] ,[ "�l CO�A ] ) InA2t V12 PA2 InA2t_1 C2t 0 COVA (T A2 

(5) 

where PAi is the parameter that governs the persistence of the technology process 
within country i, Vji is the spillover parameter determining the speed at which 
changes in technology in country j are transmitted to country i, 0' Ai is the standard 
deviation of the exogenous technology innovation (Cit) in country i, and .,p = � (1',.\1(1',.\2 
represents the contemporaneous correlation between the innovations to technology 
processes in both countries, i.e. a common shock to both countries total factor 
productivities will be characterized by a high 1/;, and the lower 1/; the more country­
specific is the shock. 

Multiple goods are introduced by assuming that Yit can be either used domes­
tically (l'iit) or exported to j (Yijt). IIjYi, = IIil'iit + IIjYijt, i =I- j, where IIi is the 
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share of country i in total population (which includes population in countries 1 and 
2). Hence, the production function can be rewritten as 

AitI<i;-O(XitNitY� = Yiit + ��Yiit (6) 

Imports of i from j (}jit) and domestic goods are used in the production of a final 

good in each country, Vit) according to the following constant elasticity of substitu­
tion technology (see Armington (1969), or BKK (1994)): 

" (yl-P yl-P)--L Vit = Wt iit + W2 iit l-p (7) 

where '; is the elasticity of substitution between domestic and foreign goods and 
Wl and W2 govern the domestic and foreign content of national output, respectively. 
Their values depend on the import share of the economy as derived in the Appendix. 

The equilibrium terms of trade (relative price of imports to exports) can be 
measured by 

TOT.. _ aVo'; ay;" _ w, Y;it It - - _p aVid a}iit WI Yiit 
Domestic exports and imports are defined in terms of the domestic final good 

Exports: Xit = }'ijt 

Imports: Mit = TOTit}jit 

We define MS as the import share in output i.e. Mit = MSYit. A value of MS 
of zero would mean that there is no trade between the economies (autarky). The 
trade balance, or net exports, in country i is then given by N Xit = Xit - Mit. 
There is frictionless international trade and capital markets are complete, which im­

plies that individuals in the two countries can achieve both consumption smoothing 
(intertemporal transfer of consumption) and risk pooling (transfer of consumption 
across· states of nature). 

Firms accumulate capital goods according to the following law of motion 

Ki"+l = (1  - !i)K" + I" (8) 

where Kit is the stock of capital in country i, 0 < {) < 1 is the rate of depreciation 

of capital stock and lit is total investment in country i. 

- 22 -



3 THE MODEL ECONOMIES 

In addition to consumers and producers, each country is endowed with a govern­
ment. The government consumes domestic goods (Git), taxes national final output 
with a proportional income tax (Tit) and transfers back what remains to domestic 
residents (Tit) .  Alternatively, the government can issue debt that will be repaid by 
increases in lump-sum taxes or decreases in transfers. The infinite horizon of this 
economy makes Ricardian equivalence hold. The government flow budget constraint 
is given by 

(9) 

which is assumed to hold on a period by period basis. Since, as in Ravn (1993), nOD­
zero Tit means that taxes are distortionary, we have to make some assumptions to 

solve for the competitive equilibrium. The existence of a large number of individuals 
allows to make the assumption that individuals take all government variables as 
exogenous and then solve for the competitive equilibrium along the lines of King, 
Plosser and Rebelo (1987), by first solving for the individual problem and then 
imposing the government budget constraint. To allow for balanced growth, we will 

assume that Git and Tit grow along with Xit and that Tit is constant. The percentage 
deviations from the steady state18 of government spending is assumed to follow an 
autoregressive stochastic process of the form 

[ � ] = [ :::, V:�:l ] [ �::=: ] + [ :�:: ] , <Gt � N ([ � ] , [ c:�� c:b: ] ) 
( 10) 

where IIGJi controls for the spillover effect, PGi is the persistence parameter and UGi 

is the standard deviation of the innovation to the government spending process in 
country i. tPG = � f. 0 means that we allow for common fiscal policy shocks. <'"GI(I'cn 

Finally, the aggregate resources constraint for the traded goods in the world 
economy is 

The equilibrium solution of the model are the sequences for the endogenous vari­
ables of the model that maximize (??) subject to (4)-(??). The Appendix explains 

18This refers to the percentage deviation of ratio of Git to XiI with respect to its steady state 
value. See explanation of the solution method in te Appendix. 
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in detail the derivation of the equilibrium, along the lines of King, Plosser and Re­
belo (1987). Once the solution is found and the "free" coefficients of the model are 
given values, solution paths for the variables of interest can be simulated from the 
model by drawing realizations from the distributions of the exogenous processes. 
These free coefficients are, as explained in the Appendix, [a', S9, 11, 72, a, /3, Ni l 
N2• No, 6, ')'r, PAt, PA2, lI2t. Lll2,  (jAb O"A2, 1/l, PGl l P02, UOh UG2, lll . il2, MS, pl· 
Next we justify their values. 

3.1 Parameterization of the models 

Due to the assumption of symmetric countries in the steady state (see AppendixL 

we assign values for the free parameters of the model according to the Spanish data 

and only use other European countries data to calibrate the parameters governing 
the country�specific shocks. Table 6 summarizes the parameter values chosen (in 
bold those that differ across models). 

'When giving values to the deep parameters of the model, the researcher is faced 
with some degrees of uncertainty. We follow Canova (1994, 1995) and account for 
this uncertainty by calibrating the parameters to a distribution rather than to a 
fixed value. Both the range of values and the particular distributions for model 
parameters have been selected based on the range of values given in the literature 
as well as on the values displayed in Table 6. When the literature concentrates on 
a narrow range around a single value for a certain parameter we tend to favour 

a Normal or even X2 distribution, sometimes truncated, whilst we take a Uniform 
distribution when different values within a range are equally found in the literature. 
The selected distributions are displayed in Table 7. Next we justify the choices of 
both the fixed and the random values for the model parameters . 
• a = average labor share of income = 0.724. This figure corresponds to the average 

for the period studied (1973.l-1996.lV) of the adjusted wage share series for the 
Spanish economy (Source: European Economy (1997)). These are the updated 
series used by Bentolila and Blanchard (1990) to estimate total factor productivity 
in Spain. They are the share in GNP at factor cost of the compensation of employees 

adjusted for the share of self�employed in the occupied population. The advantage of 
these series is that they allow for intra�EU comparisons since they are computed for 
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all EU members with equal criteria. The mean percentage share, i.e. mean(cr), we 
find for the EU4 aggregate is 0.721. With a different data set and period, Licandro 
and Puch (1997) find an " for Spain'of 0.65 (0.66 using GMM estimation). BKK 
and most of the literature take a value of 0.64, typically referring to the US economy. 

We therefore consider reasonable a uniform distribution for this parameter between 

0.65 and 0.75 (U[0.65, 0.75]). 
• S9 = output share of government consumption = average over the period of govern­
ment consumption over real GDP = 0.14. Licandro and Puch (1997) find a smaller 

value (sg=0.128) but the average share for the EU4 is 0.196 and other pieces of the 
literature suggest also higher values: King, Plosser and Rebelo (1988) suggest an S9 
of 30% and Baxter and King (1993) of 20% for the case of steady state balanced 
budget, while Aiyagari, Christiano and Eichenbaum {1992} suggest a government 
spending share of 17.7%. When we allow sg to be random, we choose a uniform 
distribution which includes these values, i.e. U[0.13, 0.30j. 
• Tt ::: 11 = T = constant proportional income tax rate = average output ratio of 
total government revenues = 0.259, from the annual total revenues of the Adminis­
traciones Ptiblicas reported in Marin (1997). Here we follow the same sources as for 
S9 and choose a uniform distribution for T which includes the values given in the 

literature, i.e. U[0.20, 0.30j. 
• (7 = rate of relative risk aversion = 2, the standard value in the literature for 
multiplicatively separable instantaneous utility functions as the "divisible labor" 
one in equation (2). There is not a clear reason why (7 should be 2j researchers 

have proposed higher values while the most common one is 2. 'Ne take a X2(2) 
distribution which makes that number the more likely and truncate it to prevent it 
to exceed 10. When we choose a model with indivisible labor (7 takes value 1, both 
with fixed and with random parameters. 
• f3 = subjective discount factor = t!r . r is the average real ex-post interest rate 
at time t for 1973.I-1996.IV, i.e. the average of the 3-month nominal interest on 
Spanish interbank loans at t minus the quarterly CPI inflation at t+l (this makes r 
= 4.96% anually). This yields a fJ of 0.988, very much in line of what is used in the 

literature. We define a Normal distribution centered at this value N(0.988, 0.001) 
but truncated to the interval [0.9855, 1 .002j. 
• N, = N, = N = steady state share of total individual time devoted to market 

-25 -



3 THE MODEL ECONOMIES 

activities = average of the period of quarterly houfs worked per person over the total 
possible ( 16  hours/day * 6 days/week * 13 weeks/quarter) times working people over 
the total labor force = 0.1621. Licandro and Puch (1997) obtain with a different 
definition and period an implicit value for N of 0.29 for Spain. The average we find 
for the EU4 is 0.25, so we define a U[0.15, 0.301 distribution for N . 
• No = share of time each agent works per quarter when labor is indivisible, i.e. 
either work No or not at all. We consider an average for the period considered of 40 
hours per week, which makes No = 40*13/(16*5*13) = 0.5. This value is kept fixed 
even with random parameters. 

o 8 = 0.022 per quarter as computed by Licandro and Puch (1997) for the Spanish 
economy. A more common value in the literature is 0.025, which corresponds to a 
10% depreciation per year, that is, to a total depreciation of new physical capital in 
10 years time. We define a U[0.02, 0.031 distribution for 8. 
o "Ix = 1 + average quarterly rate of growth of per capita real output (y,) = 1 . 0037. 

This corresponds to a 0.37% real per capita output growth per quarter on average 
over the whole period, which coincides exactly with the one obtain�d by Licandro and 
Puch (1997). With random parameters, we define a Normal distribution centered 
at 1 .0035 and with standard deviation 0.0005 . 
• Technology shocks: the pa.rameters governing total factor productivity law of mo­
tion were obtained estimating a VAR(I) on the Spanish and EU4 Solow residuals, 
as computed in BKK or Ravn (1993). Each series was obtained by subtracting Q 

times the log of the share of employed people in the total labor force from the log of 
outputj the resulting series was linearly detrended after normalizing the first obser­
vation in each series to 1. Contrary to BKK and Ravn ( 1993), we allow ex to vary 
over time. The estimates obtained19 (Spain is country 1 ,  EU4 �ggregate is country 
2) are: 

[ PAl "'I 1 [ .8954 (S.E : 0.0614) -0.0307 (S.E : 0.0546) 1 
VI' PA' 

= 
-0.0309 (S.E :  0.0826) 0.7427 (S. E :  0.0734) 

It is important to note that technology disturbances are persistent in both coun­
tries, that they significantly depend on their own past while the technological 

19The properties of the residuals are satisfactory, no autocorrelation is found although the nor­
mality assumption is not fulfilled, in particular the Spanish residuals have significant skewness. 
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spillovers across countries are Dot significantly different from zero. Typically, the 
PA coefficients are found higher and the spillover positive (BKK define PA=0.9 and 
v" = v2l =0.088). We thus define both PA with a Normal distribution centered close 
to our estimate for Spain but with a large standard deviation, i.e. N(O.85, 0.1) .  

Based on the estimates obtained, the spillover parameter is defined equally for both 
countries as a N(O, 0.05). 

The estimated standard deviations and correlation of the residuals of the VAR(l )  
system estimated (i.e. the technology innovations) are: 

[ 0" Al ,p ] [ 0.005 0.1334 ] 
,p 0" A2 

= 
0.1334 0.0067 

1/J 'I 0 means that there is a certain contemporaneous transmission of total factor 
productivity shocks, which suggests the existence of common shocks hitting the 
two economies (Spain and the EU4 average) at the same time. Licandro and Puch 
(1997) find a higher O"A for Spain (0.013) when considered a closed economy. Also 

BKK and related work report higher values both for the standard deviations of 
technology innovations and for their contemporaneous correlation (0.00852 and 0.258 
respectively). We define a distribution for O'A able to produce larger values but 

mostly concentrated around our estimated values: a X2(1 )  truncated to the interval 
[0.0045, 0.021. We define a N(0.15, 0.03) for ,p . 

• Government consumption shocks: Different national fiscal policies led to find un­
likely an important comovement between government purchases in Spain and in Eu­
rope. Therefore we have imposed no spillovers between the 9 processes (VG,12 = VG,21 
= 0) nor correlated shocks to both processes (,pG =0). We have estimated indepen­
dent AR(l) models for the business cycle components20 of government spending in 
Spain and EU4, obtaining: 
Spain: 9" = 0.923 (S.E.=0.046) 9"-1 + "Gl., and O"Gl = 0.0046 

EU4: . 921 = 0.827 (S.E.=0.065) 921-1 + "G2I , and O"G2 = 0.0035 
The parameterization of the model is such that there is no significant contempo­
raneous nor lagged transmission of country-specific fiscal policy shocks, and that 
they are very persistent in their country of origin. Licandro and Puch (1997) find 

200btained with the Baxter and King (1995) described band-pass filter. 
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larger values (PG = 0.95 and "G = 0.011) for Spain, while typically the literature 
takes even higher persistence parameters (PG ;:::. 0.97) but standard deviations for 
the shocks to g are very much in line with the ones we have obtained (uG = 0.0036). 
We define a N(0.91, 0.08) for both PG and a N(0.004, 0.001) truncated between 0 
and 0.006 for both "G. 
• As explained in the Appendix, ill = il2 = II = 1/2 since we assume symmetric 
counties. 

• MS = output share of imports. The value of MS is the average over the period 

of the output share of total Spanish imports rather than Spanish imports coming 

from the countries included in the EU4, since we are assuming balanced world trade 
in the steady state and there are no other trade partners for any country (exports 
of one country equal imports in the other). The resulting value for MS is 0.20, 
which implies the following weights for the Armington aggregator according to the 
expressions obtained in the Appendix: w, = ( l - MS)' = 0.716 , w, = MS' = 0.09. 
MS in Spain has increased permanently through the period studied, 1973.l-1996.IV, 
and so has done the import share of the EU4, which on average is 0.224. We define 
a N(0.25, 0 .1)  distribution. 

• ; = Armington aggregator's elasticity of substitution between home and foreign 
goods = 1.5, as in BKK. Ravn (1993) tries different values for this parameter with 
this same model and finds a similar qualitative performance of the model. 

By modifying certain key parameters which govern the international interdepen­
dencies included in the model, we derive our four different model specifications: 

(i) Autarky: No trade (MS=O) nor spillovers in the shock processes (v=O) and 
un correlated shocks (no common shocks: 1/! = 0). 

(iii) Autarky with common shocks: No trade (MS=O) nor spillovers (v=O) but 
contemporaneously correlated technology shocks (1/! ,, 0). We allow for com­
mon as well as country-specific shocks to closed economies. 

(iii) Trade only: No common shocks (1/! = 0) nor spillover effects (v=O) but trade 
in final goods and services is allowed between the two economies (MS ¥- 0). 
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(iv) EUll interdependence: common and country-specific shocks transmitted 
through trade and spillovers between across technology disturbances (t/J, MS 
and v '" 0). 

3.2 Model properties 

From the system describing the equilibrium solution to the theoretical models and 
having given values to their deep parameter�, we simulate time series by drawing 
realizations from the distributions of the exogenous processes. We have run 100 

simulations for each model, with as many observations at each simulation as in the 
actual data (96 observations). We obtain the empirical implications of the alterna­
tive models by computing descriptive statistics of the business cycle components of 
the simulated series, using the same band-pass filter of Baxter and King (l995) as 
we did with the actual series in Section 2. Since we are particularly interested in 
the international interdependencies included in the models, we will pay particular 
attention to the cross-country correlations predicted by the alternative models. Ca­
sual comparison of those statistics to the ones estimated for the actual data is what 
the informal evaluation of calibrated models usually consists of. Table 8 reports the 

simulated relative standard deviations (std(y) is reported in absolute value) and 
contemporaneous correlations with respect to output as well as the cross-country 
contemporaneous correlations21. Actual data values are reported in the first col­

umn. Simulated moments are mean moments across the 100 simulations. Those 
with an asterisk have been found significantly different from zer022. Actual data 
correlations marked with an asterisk are significantly different from zero according 
to their Newey and West {1987} consistent S.E . .  For each model, we report the 
predictions of the model both with fixed and with random parameters. Table 9 
shows the results for the indivisible labor case. The last two columns of Tables 8 
and 9·represent the model where both common and idiosyncratic shocks hit on both 
economies and when the international transmission of shocks and fluctuations can 

21 As with actual data, the simulated Be statistics for nr and ii are computed from the filtered 
output ratios (NX/Y and IllY). 

22Greater than twice their S.E .. The S.E. of the mean statistic across simulations is the standard 
deviation of the statistic across simulations divided by the square root of the number of simulations. 
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take place through spillovers in the technology shocks (although these are small as 
found in the estimation performed in the previous subsection) or trade in consump� 
tion goods and services ( ,Full Interdependence'). We take that specification with 
fixed parameters as our benchmark model. 

The benchmark model has a hard time to reproduce the volatility of the cycli­
cal components of actual Spanish data. In particular it generates higher volatility 
of investment and smaller for other variables (GDP, consumption, lahor and trade 
variables). Trade in consumption goods and services and spillovers across tech­
nology disturbances are the only explicit transmission mechanisms in the theoreti­

cal economy. Thus, by being the variables that adjust faster to shocks, consump­
tion and trade variables appear smoother than in the data. The contemporaneous 
consumption· leisure substitution effect smooths labor volatility, suggesting the lack 
of country-specific labor market shocks in the model. When a rigidity like the in­

divisibility of labor is included the std(y) rises to levels more similar to the actual 

one for the Spanish economy, due to a higher volatility of labor variables. The exag­

gerate investment volatility reflects the insufficiency of the propagation mechanisms 
of shocks included in the model economy (within the country and/or transmission 

across countries) which would cause less changing and more persistent fluctuations, 
as it is the case in the Spanish economy. It can also reflect an insufficient modeliza­

tion of adjustment costs in investment, which would also make it less volatile. 
The theoretical economy qualitatively reproduces the right comovements of the 

Spanish variables with GDP. It is important to note that the model reproduces the 
negative sign of net exports correlation with output. This countercyclicality arises, 
as in the data, because imports are more procyclical than exports. Quantitatively, 
the contemporaneous correlations with output are in general overestimated except 
the one of government consumption which appears non-significant as in the actual 
data, and net exports (significant only in the indivisible labor case). The combina­
tion of too little volatility and too high correlation with output of labor variables 
suggests the very much intuitive existence of non included labor market-specific 
shocks. Obviously, the existence or not of common international shocks ( "Full In­

terdependence" versus "Trade Only", or "Autarky" versus "Common Shocks" ) does 

not change the picture of the domestic propagation of shocks. It is important to 
note that excluding trade (as in "Autarky" and "Common Shocks") results in a 
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similar picture but for lower investment volatilities. Trade in consumption goods 
and services does not seem to be crucial for a better matching of observed domestic 
Be statistics. 

The high comovements found suggest that, in order better match actual data mo­
ments, the model could be respecified in some dimensions but not in strenghthening 
the domestic propagation of shocks. Instead, a larger dependence on the exter­
nal economy, other than through trade in consumption goods, would increase the 
sources of fluctuations, and bence the volatility of output and the other variables, 
while keeping or even reducing the comovements with output. 

The main finding with respect to the cross-country correlations is that the ex­
istence of trade in consumption goods by itself does not suffice to explain the joint 
fluctuations observed (the "Trade Only" columns, compared to the "Autarky" ones, 
bring only consumption correlations closer to the data). Instead, the existence of 
common supply shocks is important (compare "Common Shocks" to "Autarky"): 

output cross-country correlation is significant because of these common shocks. This 
result coincides with that of Canova and Dellas (1992) and Canova (1993). The dif­
ference between the cross-country correlations with or without common shocks is 

very significant and is totally dependent on the ", parameter. In fact, the corr(Y,Y*) 

of the "Common Shocks" model is basically of the size of "'. 
With respect to the international interdependencies, we also find that in our 

model economies: 
• Simulated output correlation is too low, there are linkages between the Spanish 
and EU4 real outputs not captured by the model, that is, there are other sources 
of interdependence different to trade of consumption goods and services, common 
technology shocks or spillovers across the shocks processes. 
• Private consumption is not enough correlated, especially if we eliminate trade. 

There is a negative cross-country investment correlation when we allow for trade, 
as is commonly found in these models. Government consumption is uncorrelated 
across countries, just as in the data. 
• Imports are very little correlated in our model economies compared to actual 
data. Net exports correlation close to -1 is essentially imposed in the model by the 
assumption of balanced trade in the steady state, i.e. exports in one country are 
identical to imports in the other, and here the divergence with data is highest. 
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• Labor variables: the theoretical economy yields a too high cross-country corre­
lation of total hours worked with respect to the actual data. The opposite occurs 
when including indivisible labor, since it increases country-specific volatility of lahor 
variables. Average productivity is not correlated in most cases, as in the data. 

The range of variability allowed for model parameters when we take them from 
the distributions defined in Table 7, instead of calibrating them to a fixed value, 
yields higher volatilities in the model series. Some are too high (near 4% for GOP 
versus 1.3% in the actual data) although others do not reach yet the levels observed 
23. However, the comovements of model variables with GDP get extremely similar 

to the actual ones. They are reduced with respect to the fixed parameters simula­
tions, except for government consumption and net exports which get closer to the 
higher actual data ones while still unsignificant. Cross-country contemporaneous 
correlations worsen in general, which shows the need to improve the international 
propagation mechanisms of shocks and fluctuations across countries in the theoret­

ical economy. 
Summarizing, we find that common shocks are important in explaining the joint 

fluctuations between Spain and its European neighbors, but the simulation analy­

sis identifies the need to include more mechanisms of international transmission of 
shocks other than trade in consumption goods and services, Some degree of market­
specific shock to labor variables should also be included to increase labor market 
volatilities towards the actual ones. The use of random parameters significantly im­

proves the comovements between domestic series and puts in evidence the insufficient 
modelization of the cross-country comovements. 

If we want to discriminate the alternative models according to how successfully 
they reproduce the comovements observed between the Spanish real aggregate fluc­
tuations and that of its European neighbors, a more formal evaluation procedure is 
required. 

23With indivisible labor, some relative volatilities get extremely high, although they are not 
always significant. 
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4 EVAL UATION OF CAL IBRATED MODELS 

In a. typical calibration exercise aiming at analyzing empirically a stochastic dynamic 
general equilibrium model, the model is first specified given a concrete question the 
researcher wants to study. Then, the model is solved (usually through numerical 
approximation, as in our case), the free parameters of the model are given fixed 

values and the exogenous processes fixed distributions and finally time series for the 
variables of interest are generated by simulation of the model solution. The assess­
ment of the performance of a model is typically reduced to a relatively subjective 
comparison of two reduced sets of summary statistics obtained from the simulated 
and the actual data. The model economy is considered a "good" approximation of 
the actual world if it can broadly reproduce the observed features of the series that 
it purports to model. Classical pieces in the calibration literature (e.g., Kydland 
and Prescott (1982) or (1991)) are typically silent on the metric one should use to 
evaluate the quality of the approximation of the model to the data. The approach 
favored by most calibrators is to glare over the exact definition of the metric used 
and informally assess the properties of simulated data by comparing them to the set 
of observed stylized facts. 

Typically) a calibrator is not interested in testing the model in the strict statis­

tical sense, i.e. verifying whether the model is the true Data Generating Process 
(DGP) of the actual data (the answer is already known from the outstart), but in 
identifying which aspects of the data a false model (in the sense of not being the 
true actual DGP) can replicate and whether different models give different answers 
because they are "false in different dimensions. In this way a researcher treats the 
computational experiment as a measurement exercise where the task is to gauge the 
proportion of some observed statistics reproduced by the theoretical model. The 
adequacy of a particular parameterization is typically checked through sensitivity 
analysis, which essentially consists of computing and comparing the same statistics 
for different parameterizations. Comparison of competing models very seldom takes 
place and when it does it is typically reduced to a similarly informal subjective 
comparison of selected statistics. 

Recent research in applied macroeconomics and time series econometrics has sug­
gested alternatives to such informal approach to assess the fit of a model. See Canova 
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and Ortega ( 1996) for a classification and comparison of those alternatives, and also 
Kim and Pagan ( 1994) for a review of recent methods for evaluating calibrated mod­
els. Here we follow a simple probabilistic approach as proposed by Canova ( 1994, 
1995) which uses the uncertainty introduced by the stochastic nature of the exoge­

nous processes and, when it is the case, by the stochastic parameters to evaluate the 
performance of a calibrated model. We apply that approach to assess formally, be­
yond simple inspection of the model and actual data statistical properties, to which 
extent the different models proposed can reproduce the interdependencies observed 
between the Spanish and the EU4 real aggregate fluctuations. 

The evaluation of a model requires three steps: first, the selection of a set of 
stylized facts; second, the choice of a metric to compare functions of actual and 
simulated data and third, the (statistical) evaluation of the magnitude of the dis­
tance. Formally, let S, be a set of statistics (stylized facts) of the actual data and 

let Sr· (z" 1') be the corresponding set of statistics of simulated data, given a vector 

of parameters "I and a vector of exogenous stochastic processes "t. Then model eval­

uation consists of selecting a function ¢(SlJ, Sr. (Zt''')')) that measures the distance 
between S" and Sr. and in assessing its magnitude. 

The choice of which stylized facts one wants to match obviously depends on 
the question asked and on the type of model used. In our case, these are the 
statistics showing the degree of comovement between the Spanish and the aggregate 
EU4 country business cycles: the contemporaneous cross9country correlations in the 
bottom panels of Tables 8 and 9. 

Measures of dispersion can be computed for simulated model statistics by simply 
changing the realization of Zt while maintaining the parameters fixed. Such measures 
can be used to evaluate the distance between statistics of actual and simulated 
data as in Gregory and Smith ( 1991, 1993), who construct a probabilistic metric 
to ev�uate a model by using well known Monte Carlo techniques. To be specific, 
Gregory and Smith (1991, 1993) take S, as a set of moments of the actual data and 

assume that they can be measured without error. Then, they construct a distribution 
of Sx. (zt,,,),) by drawing realizations for the Zt process from their given distribution, 

given ")'. The metric TjJ used is probabilistic, i.e. they calculate the probability 
Q = P( Sr- :s S,), and judge the fit of the model informally, e.g. measuring how close 
Q is to 0.5 i.e. how close Sy is to the median of the model moments' distribution. 
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This approach requires two important assumptions: that the evaluator takes the 
model economy as the true DGP for the data and that differences between Sy and 

Sr. occur only because of sampling variability. 
The approach of Canova (1994, 1995) allows for parameter variability when mea­

suring the dispersion of simulated statistics, in addition to allowing the realization 
of the stochastic process for the exogenous variables to vary. The starting point, as 
discussed earlier, is that parameters are uncertain not so much because of sample 
variability, but because there are many estimates of the same parameter obtained 
in the literature, since estimation techniqu�s, samples and frequency of the data 
tend to differ. If one calibrates the paramet.er vector to an interval, rather than 
to a particular value, and draws values for the parameters from the empirical dis� 
tribution of parameter estimates, it is then possible to use parameter uncertainty, 
in addition to that of the exogenous stochastic processes, to evaluate the fit of the 

model. The evaluation approach used is very similar to the one of Gregory and 
Smith: one simulates the model repeatedly by dr.awing parameter vectors from their 

empirical "prior" distribution and realizations of the exogenous stochastic process Zt 

from some given distribution. Once the empirical distribution of the model statistics 

of interest is constructed, one can then compute the percentiles where the actual 

statistics lie. 
Tables 10 and 11 display that percentile for each of the 9 contemporaneous cross� 

correlations obtained from each model (6 in the cases that international trade is not 
allowed). For fixed parameters we follow the approach of Gregory and Smith (1991, 
1993) while for random parameters we follow that of Canova (1994, 1995). We can 
see that our model economies generate lower cross�country correlations than actual 
data: most of the simulated moments densities lie below the actual moments, yield� 
ing p�values for the actual correlation coefficients substantially greater than the ideal 
0.5. The "Full Interdependence" model is the one performing better and improves 
when considering random parameters. Indivisible labor drives labor simulated cor� 
relations further from actual ones by reducing them substantially. 

Our model economies are highly simplified representations of the Spanish and 
other European economies, and thus it is not surprising to find that they are re� 
jected in a probabilistic sense (they produce p�values for the actual moments far 
from 0.5) as the exact Data Generation Processes of the actual cross-country cor-
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relations. What is more relevant to us is how relatively distant to the actual data 
each model is. The last row in Tables 10 and 11  summarizes the "success" of each 
model specification in reproducing the interdependencies between the Spanish Be 
and that of its EU4 neighbors. It displays the average p-value of the actual statistics 

into their corresponding simulated distributions. They provide us with a measure 
to rank the models. We find that the "Full Interdependence" model with divisible 
lahor is the preferred one, once we account for the uncertainty in model parame­
ters. The existence of common shocks is found important to explain the significant 
comovement observed. In fact, our measure of fit for the "Common Shocks" model 

with divisible labor is similar to that for the "Full Interdependence" one, but we 
have to take into account that the latter is evaluating the model along 9 dimensions 
instead of only 6. 

The model evaluation methodology used confirms the conclusions drawn in Sec· 
tion 3 where we compared informally the model statistics to the actual ones. Com­

mon shocks are important in explaining the joint fluctuations between Spain and its 
European neighbors, but the simulation analysis identifies the p.eed to include more 
mechanisms of international transmission of shocks other than trade in consumption 
goods and services in order to increase the simulated cross-country correlations. 

5 SUMMARY AND CONCLUSIONS 

The internationalization of developed economies has led to the observation of a ten­
dency among the economies to move together (the so called International Business 
Cycle). This joint fluctuation is particularly important for the economies involved 

in economic integration processes such as the EMU. As we know, it is a crucial ques­

tion whether these economies appear to have similar and synchronous responses to 
shocks, or whether their cycles differ in terms of their intensity, duration and timing. 

In this paper, we have first assessed empirically the characteristics of and the 
interdependencies between the Spanish real aggregate fluctuations and those of the 
other main EU economies (in particular, France, Germany, Italy and the UK) over 
the period 1970.1-1996.IV. We find that the business cycle propagation mechanism 
inside Spain since 1970 is fairly similar to that in other EU countries, despite the 
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differences in government consumption, exports and labor variables. We also find a 
strong comovement between the Spanish and European business cycles, especially 
in GDP, investment and net exports (which move synchronously) and private can· 
sumption (with a lag in Spain of around a year). The stronger and more synchronous 
relationship is found with France and Italy. The German and UK fluctuations are 
less correlated to the Spanish ones1 although significantly, and lead by around a 
year many Spanish variables. Therefore, with the exception of a certain Jag in some 
Spanish variables, we find evidence of a similar and synchronous business cycle in 
Spain and the other main European economies. 

Then we have tried to explore the mechanisms underlying the observed inter­

dependencies using alternative versions of a standard two-country two-good Inter­
national Real Business Cycle model, based on Backus, Kehoe and Kydland (1994), 

where the possible sources of aggregate fluctuations are both demand shocks (gov­
ernment spending shocks) and supply shocks (technology shocks), which can be 
idiosyncratic or common, and the transmission mechanism of these fluctuations 
across countries is trade in consumption goods and services as well as cross-country 
spillovers in the exogenous disturbances. The two countries aimed to represent Spain 

and the trade weighted average of the other four EU economies. 
We find that common shocks are important in explaining the joint fluctuations 

between Spain and its European neighbors, even more than trade in consumption 
goods and services by itself. The simulation analysis identifies the need to include 
more mechanisms of international transmission of shocks. Some degree of market­
specific shock to the lab@r variables should also be included to increase labor market 
volatilities and reduce their correlation with GDP fluctuations in order to meet the 
actual ones. Incorporating indivisibilities in the labor supply as in Hansen (1985) 
does not help explain the latter although it increases cyclical volatilities as desired. 

The use of random parameters to account for the uncertainty faced by the researcher 
when giving values to the free parameters of the model (as in Canova (1994, 1995)) 
significantly improves the comovements between domestic series and confirms the 
insufficient modelization of the cross-country comovements. 

We have applied a simple probabilistic approach, based on Gregory and Smith 
(1991, 1993) and Canova ( 1994, 1995), to assess formally, beyond simple inspection 
of the model and actual data statistical properties, to which extent the different 
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models proposed can reproduce the interdependencies observed between the Span­
ish and the EU real aggregate BC fluctuations. Such model evaluation identifies 

• the model with bo�h trade and common shocks and with random parameters as the 
closer to the observed cross-country comovements. Common shocks are confirmed 

as important in explaining the joint fluctuations between Spain and its European 
neighbors, but the simulation analysis identifies the need to include more mecha­
nisms of international transmission of shocks other than trade in consumption goods 
and services. in order to increase the simulated cross-country correlations. 

In a very recent paper, Ambler, Cardia. and Zimmermann (1998) introduce mul­

tiple sectors and traded intermediate goods in a two-country model as the one we 
have studied. They find that, despite the importance of intermediate goods trade 
in modern economies, introducing it in the model does not alter significantly the 

cross-country correlations predicted. However, going from a onc-sector specification 

to a two-sector model leads to a more positive international transmission of the cycle 

(especially for the cross-country correlations of investment and employment), that 
they judge compatible with the US data. We leave for further research to explore 
the usefulness of a multiple-sector model to the Spain-Europe case. Intuitively, if 
we separate tradable froin non tradable goods sectors, we could also explore other 
interesting issues of the Spanish business cycle such as e.g. the different evolution 
of productivity in the two sectors. Other specific mechanisms of the international 
transmission of business cycles interesting to include in our case could be related to 
international finance or monetary policy linkages.re 
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The equilibrium solution of the model are the sequences for the endogenous variables 

KIll 1<2h NUl NUl CHI e2l! YUh Y22h Y121 and Y2lt that solve the following problem: 

� � 
Max Eo L ,s'Ult(Clt, 1 - Nlt) + Eo L ,s'U"(C,,, 1 - N,,) 

t=O 1=0 

where U;, takes the form of equation (2) for the case of divisible labor aod that of 
(3) for the indivisible labor case, subject to equations (4) to (ll )  for i=l, 2. 

Since the fUDctional forms used allow for balanced growth, all output components 
and the capital stock will be growing in the steady state at the common rate '1:£ -

1, while hours worked and leisure will not. Then, we follow King, Plasser and 
Rebelo (1987) and transform the model into a stationary form by replacing all 
trending variables by their ratios over the perman�nt technology change Xit . The 

resulting "detrended" variables (in lowcase) will be constant in the steady state. 
The maximization problem now is 

subject to 

� � 
Max Eo L ,s" u"(c,,, 1 - NIt)  + Eo L ,s" u"(c,,, 1 - N,,) 

1=0 1=0 

A k1-Ot N0 112 11 It It = YIlt + III 
YI2t, 

( '-p '-P) --'-
VI! = WIYIU + W2Y2lt l_P, 

Ixkl,t+l = (1 - o)ku + iu) 

A k'-oN0 II, 
2t 2t 2t = Y22t + TI2 Y2lt 

( '-P '-P) --'-
V2t ::; WIY22t + W2Y12t l_p 

'Y,k','+1 = (1 - 6)k" + i" 
9It + tIt = TttVth 92t + t2t = T2tV2t 

II,(c" + ill + 9,,) + II,(c" + i" + 9,,) ::; II,v" + II,v" 

where f3- = f3,!{l-u). The lagrangian of the maximization problem can be expressed 
in terms of the stationary transformations as 

L., = u" + u" + A"II, [v" - CIt - 9" - (-r,k" '+1 - ( 1 - 6)k,,)] 

+A"II,[v" - c" - 9" - (-r,k" '+1 - (1 - 6)k,,)] 
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and its first order conditions are 

where Dn is the partial derivative of a function with respect to its nth argument. 

They have to be fulfilled by the equilibrium solution of the model together with the 
remaining constraints (which are definitions) and the transversality conditions : 

The equilibrium solution of the model is characterized by those F.O.C. together 
with the following definitions of the stationary transformations of some flow variables 

we are interested in (YUl Y2h ill! i2h xu, X2t, mit, m2h nxu, nX2t, aplt and ap2t) in 

terms of the solution of the above equilibrium conditions. These definitions are : 
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Xu = YIlh Xu = Y2tt 

nXH = Xu - mIt, nX2t = X2t - m2t 
Ylt Y2t aplt = -N ' ap'u = -N H . 2t 

The complexity of the optimizing conditions describing the equilibrium solution 
(highly nonlinear difference equation system) causes that an analytical solution can­

not be obtained. Follow King, Plosser and Rebelo (1987), we log-linearize the set 
of first order conditions and definitions of the model, in their stationary transfor­
matioo, around the steady state. This yields the approximate solution of the model 

which consists of a linear dynamic system expressed in percentage deviations from 
the steady state e.g. Ctt = Cl c:CT ::= logclt - logel l where Cl represents the steady " 
state value of C1l24. 

The steady state of the model is the vector of values [k, k, x;- '" N, N, Cj' c, 
Yi1 Y22 Y21 Y12 VI Y2 1;'" 12 Xl X2 ml m2 nXI nX2 apt ap2 Al A2 91 92] that fulfills 
the previous F.O.C. and definitions when replacing each variable fJit by its steady 
state counterpart 11i, i.e. suppressing the time subscripts. In order to perform 
a quantitative investigation of the properties of the equilibrium, we need to give 
values to the steady state vector and the deep parameters of the modeL Since they 
are all linked through the FOes and definitions evaluated at the steady state only a 
reduced number of coefficients are "free" . In order to derive the expressions linking 

24Note that the business cycle component obtained from the observed series with a filter such 
as the Baxter and King (1995) band·pass filter or the HP filter intends to extract precisely shorter 
run movements in a series than its secular trend, i.e. its short-run deviations from a stable long· run 
evolution. Under the assumption of balanced growth, we have converted all trending series into 
stationary series which have fixed values in t�e steady state. Therefore, deviations from those 
values are a proxy of the business cycle components of the series under the model assumptions. 
However, given the divergences between alternative Be filtering methods we will compare the 
model solution to the business cycle components of the observed series only after reconstructing 
the trending model series from the equilibrium solution (in terms of deviations from the steady 
state) and then applying to those trending series the same filter as to the observed data. 
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the rest of the coefficients, we have �ade the following standard assumptions (see 
Ravn (1993) and BKK) : 
(i) Balanced trade in the steady state: exports of one of the two countries in the 
world economy equal the imports in the other country, i.e. mj = Xj' Given that 

mit == TOTitYjit and that Xjt == Yjih the balanced trade assumption in the steady 
state amounts to imposing T01"i=l, i = 1 ,2. 
(ii) Symmetric countries: we define the same economic environment for the two 
countries led by the similarities found in Section 2 between the internal propagation 
mechanism of shocks and fluctuations in Spain and the EU4 aggregate. This amounts 

to defining the same functional forms to both countries and the same values for the 
deep parameters of the model, differing only in the parameters defining the shock 
processes. We also assume that both countries have equal size. Ravn (1993) found 
that the two-country model with asymmetric .country sizes does not make theory 

much nearer to the data in a wide range of different cases: although elements of 

national business cycles change with asymmetric IIil the international comovements 
are left almost unaltered with respect to the symmetric case. 

The symmetry assumption in countries with equal size means that in the steady 
state both countries will have equal per capita values. In light of the symmetry 
assumptions, in seems reasonable to make the normalization that in the steady 
state the output of final goods given by the Armington aggregator, Vi, equals the 
output of good Yo (see Ravn ( 1993)). 
(iii) 17 and ).2 have heen normalized to I , and we have assumed that Al = A2 = l. 

Taking these assumptions into account, the relations imposed by the FOes and 
definitions evaluated at the steady state are, for i=l,2 : 
• firstly, some ratios and coefficients 

aCt aCt 
From aN. and -a . : 

It Cit 

aCt 
From -

ok· 
' 1,t+l - =  

,8"(1 - 0)(1 - Ti) 
IX - pO(1 - 8) 

_,_"_ N.i." 
with divisible labor (U;t as in (2)) , 0 = _("l_--:.!"",)O,-,lc:-",N",� 

1 + -'-"-...!!.;.. (J-'T;")a I-N; 
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_'_' _ ( -In(l-Nol )N 
h d bl I b (U ( )) " __ (1-1';")0- No 1 

wit in ivisi e a or ;, as in equation 3 , u 
1 + _"_( In(' No l )N (l-T;)o No I 

The elasticities of Uj with respect to c or leisure (L) evaluated at the st.st., 

also depend on the utility function. With divisible labor: (co = 0(1 - 17) - 1 , 

(,L = ( 1 - 0) (1 - 17) ,  (LL = ( 1 - 0) (1 - 17) - 1 ,  (L, = O(I - 17) 

with indivisible labor �cc ;;;;;; -1 , �t:L = 0 , �LL = 0 I �Lc = 0 

From symmetry, balanced trade in the st.st. and the normalisation Vi = fJi. 1 
W, = ( Y;; )' = ( 1 - MS)" w, = (

Yj; ), = MS' 
Yi Yi 

• secondly, the steady state values of some variables 

-1. 1; (1-0)­Yi = A;n (=) n N; Y; 
, _  l; k:_ Zj = SZ Yi = = =Yi 

ki Yi 
- r: 
ki = =fii Y; 

9i = 89 Vi 
F . ( 1 -, 1_,) ...L 

rom tit = WIViit + W2Yjit l_p - Cit - 9it 1 se = 1 - si - 8g 

Ci = se Vi 
m; '" TOT;Yj; '" 1 (MS Yi) 

Under symmetry, Xi = Xj 1 Xi == Yii = Yii 

Hence, nXj = 0 
II 

Also under symmetry, Yii == Vi - II; Yij = Yi - Yij = Yi - Yii·= (1 - M S)Yi 

- Vi 
api = = 

N; 

The "free" coefficients are [a, 89, 71, T21 U, /3, Nil N21 No, 0, IX) PAt, PA2, V21, 

iJ12, O"All UA2, 1/J, PGll PG2, crOl, U02, III l fh, MS, pl. Their values, either fixed or 
random, are displayed in Tables 6 and 7 and discussed in Section 3.1 in the text. 

The approximate solution of the model is described by the log-linearized equa-
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6 APPENDIX 

tions around the steady state25: 

ac, 
From aA : 

., 
-�/x k;" +l + (I - 6)�k,; = sc C;; - ( 1 - MS)Y;;; - MSY;;; + 89 !iii 

Yi Yi 
aCt --- IX --- IX -From ak;" +l : ak;,'+1 - �x _ /loU _ 6) ,1;,'+1 + 

Ix _ /lo(1  _ 6) A;, 

= aNi,t+! - pMSy0+1 + pMSyF:;+l + Ai,t+l 
ac, _ N; -From aN : �LoC;, - �LL N N;, it 1 - i 

= f,; + pMSY;;; - pMSY;;; + A;; + ( I  - a)k,; - ( 1 - a)N;, 
ac, _ - -

From -a : �!:cCit - �cLNit = Ait Cit 
From a

ac, : -pMSY;;; + pMSY;;; + p(l - MS)Yiji - p(l - MS)y;;. = -f,; + f;, 
Yiit 

From a
ac, 

: p(1 - MS)Y;;; - p(1 - MS)Y;;; - pMSYiji + pMSy;;. = -f,; + Aj' 
Yjit . 

From Yiit + �� Yijt = AitkIt-a Ni� and under the symmetry assumption : 

aN;, - (I - MS)Y;;; - MSYiji = -(I - a)k,; - A;, 

From the definition of Yit : Yit = Ait + ( 1  - a:)k;: + aNi! 
h d fi  f 

- I - MS MS_ 8C_ 89 _ 
From t e e nit ion 0 iit : Yit = Yiit + -.-Yiit - ---:-Cit - -;9it sz sz St sz 

From the definition of Xit : x:t = y;;; 
From the definition of mit : fiiit = pfiiii + (1 - p)f;t 

1iX'it is defined as the total derivative of (nXit ) evaluated at the st.st. since fiXi = o. 
Yit 

Then, from the definition of nXit : riX'it = -pMS"fj;;t - (1 - p)MSYj;t + MSYift 

From the definition of apit : clp;t = Ait + (1 - o:)� + (a - l )Nit 

That system of equations is a linear control system with two state variables 
(�, k;d, two costates PIt, Au), eight control variables cont;o/St = [NIt N2t Cit Cit 
Yilt Y22t fut Y21t]', twelve other flow variables f t;;;;St = [Ylt iit ;;-; Z; Xli XU mtt mu 
nXit nXZt aPlt llP2t]' and four exogenous variables eXOgt = [Alt A2t fit §2tl' of which 

2SThe steps followed to obtain the fina.l expressions reported here have been omitted due to space 
limita.tions but are available from the author. 
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6 APPENDIX 

we. know their DGP from equations (5) and (10) in the text : 

[ Alt ] 
= [ PAl V2l ] [ Alt-l ] + 

[ elt ] , e, � N ( [ 0 ] , [ U�l CO�A ] )  
A2t 1I12 PAl AU_l e2t 0 COVA (j A2 

[ §it ] [ POl 

ffit = 

lIG,12 
VG.2l ] [ 9lt-l ] + [ ealt ] ,  ea, _ N ( [ 

0 ] , [ ubI co�a ] )  
Pm 92t-l Ca2t 0 COVa (7C2 

The system can be expressed as 

[k"C:l k;;'] A�l >'�lr = W [kt't � A1t A2t)' + R eXOgC+I + Q exogt 
cont;oist = Z [£: f;t � A";;] ' + M exogt 
jl7;Wst = C contr:"oist + E [k;t k;t eX09t) ' 

which can be solved analytically (see King, Plosser and Rebelo (1987)). 

Once the "free" coefficients of the model are given values, this approximate so­
lution can be used for quantitative investigation of the properties of the equilibrium 
as it is done in Section 3.2 in the text, using e.g. Monte Carlo simulation techniques 
(drawing realizations from the distributions of the exogenous stochastic processes, 
we can simulate time series for the equilibrium solution for any other variable).", 
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Table 1; Spanish Be facts: Band·pass filtered series 

Volatility and peuistence 
,d sd sd(y p , p , p • 

y 1.30 1.00 0.96_ 0.85. 0.69. 
, 1.37 1.05 0.95. 0.81$ 0.63. 

g 1.20 0.92 0.91$ 0.69. 0.42. 

f; 4.53 3.48 0.96. 0.86. 0.7h 
ii 0.38 0.29 0.89. 0.6h 0.22 
; 5.15 3.96 0.95. 0.83. 0.64. 
% 3.04 2.33 0.94. 0.77. 0.52. 
m 4.66 3.58 0.93. 0.75_ 0.50. 
n% 1.04 0.80 0.94. 0.76_ 0.53. 
n 1.72 1.32 0.97. 0.S7_ 0.73. 
h 1.01 0.77 0.88. 0.63. 0.38. 
th 2.15 1.65 0.94. 0.80. 0.61$ 
ap 1.34 1.03 0.91$ 0.67_ 0.41$ 

Correlations of X,+/; with output, 
k -5 k -4 k __ 3 k __ 2 k-·l k_O k 1 k-2 k 3 k 4 k-5 

Y 0.37 0.52. 0.69_ 0.85_ 0.96. 1.00. 0.96. 0.85. 0.69_ 0.52. 0.37 
, 0.37 O.4S. 0.6h 0.73. O.Sh !!M.< 0.77. 0.67. 0.55. 0.46. 0.41 

g 0.03 0.04 0.09 0.18 0.27 0.34 0.41 0.43. 0.44. 0.44. 0.47. 
f; 0.45. 0.57. 0.70. 0.80. 0.87. !!M.< 0.82. 0.71. 0.56. 0.41 0.28 
ii -0.09 -0.08 -0.02 O.OS 0.20 0.29. 0.33. 0.33. 0.28. 0.22 0.17 
; 0.38 0.49 0.62. 0.74. 0.82. !!M.< 0.81$ 0.10. 0.56. 0.41 0.28 
% 0.02 O.ll 0.19 0.24 . 0.26 0.23 0.16 0.06 -0.06 -0.18 -0.30 
m 0.40 0.49. 0.59. 0.66. !!.1l!!. 0.67. 0.58. 0.45. 0.32 0.23 0.20 
n% -0.23 -0.27 -0.33 -0040 -0.45. -0.47. -0.45_ -0.39. -0.34 -0.31 -0.32 
n 0045 0.59. 0.74. 0.86. 0.93. 0.95. 0.92. 0.84. 0.7h 0.56. 0.42 
h 0.05 0.04 0.05 0.09 0.15 lUI 0.17 0.15 0.10 0.04 -0.03 
th 0.37 0.48 0.61$ 0.72. 0.8h 2M! 0.S2. 0.75. 0.63. 0.49. 0.35 
ap -0.23 -0.29 -0.36 -0.42. -0.48. -0.51. -0.51. -0.47. -0.40. -0.29 -0.l1re 
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Table 2: EU4 Be facts: Band-pass filtered. series 

Volatility and persistence 
,d .d/·d(y) p • p-, p • 

• 1.24 1.00 0.94. 0.78. 0.58 • 
, 1.05 0.85 0.93. 0.76. 0.56. 

9 0.64 0.52 0.84. 0.42. -0.04 

Ii 2.54 2.04 0.96. 0.84. 0.69. 
ii OAO 0.32 0.86. 0.5h 0.16 
i 3.72 3.00 0.92. 0.74. 0.50. 
z 2.86 2.30 0.9h 0.69. OAh 
m 2.57 2.07 0.92. 0.72. 0.46. 

nz 0.49 0.39 0.9h 0.67. 0.36. 
n 1.27 1.03 0.94. 0.78. 0.57. 
h 1,48 1.19 0.92. 0.69. 0.39. 
th 2.30 1.86 0.95. 0.80. 0.59. 
ap 1.07 0.87 0.89. 0.59. 0.22 

Correlations of XtH with output, 
k -5 k -4 k -3 k -2 k -I k 0 k 1 k_2 k 3 k-4 k 5 

• 0.32 0.42 0.58. 0.78. 0.94. 1.00. 0.94. 0.78. 0.59. 0.42 0.32 
, 0.30 0.35 0,45. 0.6h 0.78. � 0.89. 0.79. 0.63. 0.48. 0.38 

9 -0.05 -0.14 -0.15 -0.06 0.09 -0.21 llll 0.21 0.12 0.08 0.12 
fi 0.10 0.19 0.33 0.5lf 0.69. 0.8lf l!.Bh 0.83. 0.78. 0.74. 0.69. 
ii 0.14 0.16 0.25. 0.40. 0.54. O.Sh 0.55. 0.43. 0.28 0.13 -0.00 
i 0.14 0.22 0.36 0.56. 0.74' � � 0.77. 0.67. 0.57. 0.48. 
z 0.25 0.39. 0.56. 0.72. .Q.Ji.!. 0.75. 0.59. 0.39. 0.21 0.11 0.06 
m 0.14 0.23 0.41 0.63. 0.82. 0.90. 0.85. 0.74. 0.60. 0.50. 0.42 
nz 0.17 0.26 0.31 0.27 0.14 -0.04 -0.21 -0.35. -0.43. -0.44. -0.43. 
n 0.34 0.44. 0.56. 0.68. 0.77. .!U§! 0.73. 0.6h 0.46. 0.29 0.14 
h -0.30 -0.28 -0.24 -0.12 0.07 0.29 0,46. 0.6h 0.7t. 0 76. 0.75. 

th 0.08 0.18 0.31 0.48 0.66. 0.80. 0.90. 0.92. 0.86. 0.74. 0.58. 
ap 0.21 0.16 0.12 0.07 -0.01 0.15 -0.35 -0.58. -0.73. -0.74. -0.62 . OE 
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Ta.ble 3: Individual countries Be facts: Band.pass filtered series 

Spain France Germany Italy UK 

Volatility: .d(y) and ,dj,d(y) 
y 1.30 1.09 2.27 1.54 1.79 
, 1.05 0.80 0.83 0.86 1.07 

9 0.92 0.77 0.57 0.30 0.57 

Ii 3.48 2.80 1.62 2.37 2.39 
ii 0.29 0.62 0.23 0.51 0.38 
i 3.96 4.84 2.37 3.81 3.79 
• 2.33 2.43 2.41 2.18 1.35 
m 3.58 3.55 1.66 2.87 2.37 
n. 0.80 0.67 0.44 0.49 0.42 
n 1.32 0.58 1.23 0.57 0.80 
h 0.77 0.24 1.62 1.42 0.00 
.h 1.65 0.71 1.83 1.59 0.80 
ap 1.03 0.48 1.27 1.06 0.74 

Persistence of output fluctua.tions 

p-,(y) 0.96. 0.93. 0.92. 0.89. 0.95. 
p-,(y) 0.69. 0.49. 0.43. 0.24. 0.65. 

Maximum correlations of Xt+1o with output, 
0.83. 0.79. 0.87. 0.85. 0.89. , 

(k = 0) (k = -1) (k = 0) (k = 0) (k = 0) 
0.47. -0.32 0.56. 0.35. -0.46. 

9 (k = 5) (k = 3) (k = 1 )  (k = -2) (k = -5, -4) 

Ii 0.88. 0.88. 0.78. 0.81$ 0.79. 
(k = 0) (k = 0) (k = 1) (k = 1) (k = O, l )  

ii 0.33. 0.74. 0.63. 0.78. 0.67. 
(k = 1,2) (k = 1) (k = 0) (k = 0) (k = -1) 

i 0.85. 0.90. 0.78. 0.92. 0.85. 
(k = 0) (k = 0) lk = 0) (k = 0) (k = 0) 
-0.30 0.67. 0.77 • 0.42 0.59. • 

(k = 5) (k = 0) (k = 0) (k = - 1 )  (k = O, I) 
0.70. 0.86. 0.93. 0.87. 0.78. m 

(k = - 1 )  (k = 0) (k = 0) (k = 0) (k = 0) 
-0.47. -0.49. 0.34 -0.56. -0.54. n. 
(k = 0) (k = 0) (k = -2, -1) (k = 1) (k = 0) 

0.95. 0.91$ 0.82. 0.57. 0.86. n 
(k = 0) (k = 1) (k = -1) (k = 1,2) (k = 2,3) 

h 0.17 0.48 0.7h 0.67. 0.02 
(k = 0,1) (k = 2) (k = 3) (k = 0) (k = 4) 

.h 0.84_ 0.90. 0.89. 0.79_ 0.86. 
(k = 0) (k = ') (k = 1,2)  (k = 0)  (k = 2,3) 
-0.5h 0.73. -0.79. -0.41 0.73. ap 

(k = 0, 1) (k = 0) (k = 3) (k = 1) (k - -2) 
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Figure 48. Business Cycle components of EU4 and Spain. 
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Table 4: Cross-country correlations: Spain vs EU4 aggregate. Band·pass filtered series 

Spain (Xt) with EU4 aggregate (Xt+.) 
k=-5 k __ 4 k __ 3 k __ 2 k __ l k-O k_l k 2 k-3 k=4 k5!l' 

y 0.58. 0.60. 0.60. 0.60. 0.6h 0.63. 0.60. 0.54. 0.45 0.36 0.29 
, !I.l§!. 0.74. 0.66. 0.58. 0.54. 0.54. 0.55. 0.54. 0,48. 0.39 0.31 

9 0.12 0.14 0.17 0.22 2.:.ll 0.24 0.21 0.18 0.15 0.12 0.10 

b 0.40 0.46 0.53. 0.60. 0.66. ll§l!! 0.68. 0.62. 0.54. 0,43 0.33 
ii -0.14 0.09 0.35. 0.56. 0.65. 0.6h 0.42. 0.10 -0.25 -0.52. -0.62. 
i 0.30 0,42 0.54. 0.66. 0.72. l!.ll!. 0.65. 0.50. 0.32 0.15 0.04 
x -0.27 -0.29 -0.21 -0.06 0.10 0.22 0.25 0.24 0.21 0.20 0.21 
m 0.36 0,46. 0.54. 0.60. 0.64. 0.63. 0.55. 0.39 0.19 0.02 -0.08 
nx -0.01 0.16 0.33 0,48. 0.58. .QJ!Q.! 0.55. 0043. 0.27 0.12 -0.01 
n 0.79. 0.78. 0.74. 0.66. 0.57. 0,47. 0.37 0.26 0.15 0.03 -0.08 
h 2.l1 Q.ll 0.25 0.22 0.21 0.21 0.16 0.09 0.05 0.03 -0.05 

'h 0.58. 0.65. 0.67. 0.66. 0.64. 0.60. 0.52. 0.42 0.31 0.20 0.10 
ap Ml 0.31 0.25 0.19 0.16 0.16 0.18 0.19 0.18 0.14 0.07� 

Table 5: Maximum cross-country correlations: Spain va Individual countries 

Spain (XI) with other country (Xt+.) : 
France Germany Italy UK 
0.70. 0.52. 0.43 0.52. 

y (k = 0) (k = -4) (k = 0) (k = -5, -4) 
0.65. 0.70. 0.57. 0.53. , 

(k = -2,-1) (k = -5) (k = 0) (k = -5) 
O,4h 0.25 0.58. 0.28· 9 (k = 3) (k = -5) (k = 2) (k = -1,0) 

fi O.Sh 0.38 0.52. 0.34 
(k = -1,0) (k = 2) (k = 0) (k = -5) 

ii -0.63. 0.59. 0.57. -0.27. 
(k = 5) (k = -1) (k = 0) (k = -2) 

i 0.85. 0.39. 0.57. 0.22 
(k = -1) (k = 0) (k = 0) (k = -5, -2) 

-0.54. -0.23 0.50. 0.25 x 
(k = -5) (k = -4) (k = 0) (k = 0, 1) 

0.84. 0,44. 0.58. 0.26 m 
(k = -I,O) (k = -4) (k = 0) (k = -1) 

0.70. 0.21 0.65. 0.13 ox 
(k = -1) (k = 2) (k = 0) (k = -3, -2) 

0.9h 0.74. 0.65. 0.70. n 
(k = 0) (k = -5) (k = 1 )  ( k  = -5) 

h 0040. 0.27 0.27 -0.05 
(k = -4) (k = -4) (k = 5) (k = 0) 

'h 0.83. 0.58. 0.63. 0.59. 
(k = -1) (k = -3,  -2) (k = -5, -4) (k = -5) 

0.21 0.44 0,46. 0.31 ap 
(k = -3) (k = -3, -2) (k = -5) (k = 5) 
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Table 6: Parameter values for the IRBC models: FIXED PARAMETERS 

Common 1"d. Full 
Parameter Autarky shocks only Interdep. 
Output Share of Labor (a) 0.724 0.724 0.724 0.724 

Growth rate (r.,) 1.0037 1.0037 1.0037 1.0037 

Depr.Rate of Capital (5) 0.022 0.022 0.022 0.22 
Discount Factor (tJ) 0.988 0.988 0.988 0.988 
Steady State hours (Jil) 0.16 0.16 0.16 0.16 

No. with Indivisible labor 0.5 0.5 0.5 0.5 
Risk Aversion (0) 2 2 2 2 
Risk Aversion (0) with Indivisible Labor 1 1 1 1 
Share of Government 

Spending in Output (S9) 0.14 0.14 0.14 0.14 
Tax Rate (T) 0.26 0.26 0.26 0.26 
Persistence of Tech.Disturb. (PAl) 0.89 0.89 0.89 0.89 
Persistence of Tech.Disturb. (PA2) 0.74 0.74 0.74 0.74 
Spillover across Technology 

Disturbances (lI2d 0 0 0 -0.03 
Spillover across Technology 

Disturbances (V12) 0 0 0 -0.031 
Persistence of Gov.Sp. Dist. (PGl) 0.92 0.92 0.92 0.92 

Persistence of Gov.Sp. Dist. (PG2) 0.83 0.83 0.83 0.83 
S.D. of Tech.Innovations (0 Ad 0.005 0.005 0.005 0.005 
S.D. of Tech.lnnovations (0 A2) 0.007 0.007 0.007 0.007 
Contemporaneous corr. of 

Technology Innovations ("") 0 0.13 0 0.13 
S.D. of Gov.Sp.lnnovations (O'Gtl 0.0046 0.0046 0.0046 0.0046 
S.D. of Gov.Sp.lnnovations (OG2) 0.0035 0.0035 0.0035 0.0035 
Imports share (MS) 0 0 0.2 0.2 
Armington parameter (lIp) 1.5 1.5 1.5 1.5 

Size of each country (IT) 0.5 0.5 0.5 0.5 
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Table 7: Parameter values for the IRBC models: RANDOM PARAMETERS 

Common Trade Full 
Parameter Autarky shocks only Interdep. 
Output Share of Labor Ca) UIO.65, 0.75] id. id. id. 
Growth rate (1',..) N(1.0035, 0.0005) id. id. id. 
Depr.Rate of Capital (6) U[0.02, 0.03] id. id. id. 
Discount Factor (p) N(0.988, 0.001) id. id. id. 

trunc[0.9855. LOO2] id. id. id. 
Steady State hours (71) U[0.15, 0.30] id. id. id. 
No. with lndiv.labor 0.5 id. id. id. 
Risk Aversion (0') ,'(2) [0, !O] id. id. id. 
Risk Aversion (0') with lndiv.Labor I id. id. id. 
Share of Government 

Spending in Output (sg) U[0.13, 0.30] id. id. id. 
Tax Rate (r) U]0.2, 0.30] id. id. id. 
Persistence of Tech.Disturb.(PA1) N(0.85, 0.1) id. id. id. 
Persistence of Tech.Disturb.(PA2) N(0.85, 0.1) id. id. id. 
Spillover across Te<:hnology 

Disturbances ("21) 0 0 0 N(O, 0.05) 
Spillover across Technology 

Disturbances (1112) 0 0 0 N(0, 0.05) 
Persistence of Gov.Sp. Dist. (Pal) N(0.91, 0.08) id. id. id. 
Persistence of Gov.sp. Dist. (PG2) N(0.91, 0.08) id. id. id. 
S.D. of Tech.Innovations (dAd X'(I) id. id. id. 

trunc[0,0045,0,02) 
S.D. of Tech.lnnovations (O'A2) X'(I) id. id. id. 

trunc[0.0045,0.02] 
Contemporaneous corr. of 

Te<:hnology Innovations (1,1.1) 0 N(0.15, 0.03) 0 N(0.15, 0.03) 
S.D. of Gov.Sp.lnnov(uGl) N(O.004,O.OOl) id. id. id. 

trune[0,0.0061 
S.D. of Gov.Sp.Innov(uG2) N(0.004,0.001) id. id. id. 

\runc[0,0.006J 
Imports share (MS) 0 0 N(0.2S, 0.1) N(O.25, 0.1) 
Armington parameter (lIp) 1.5 id. id. id. 
Size of each country (II) O.S id. id. id. 
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Table 8' Moments of the model series: Divisible labor 

Actual Common 1>ade Full 
Moments data Autarky shocks only Interdep 

fixed random fixed random fixed random fixed random 
std(Y) 1.30 0.91· 3.22· 0.91· . 3.38· 0.92· 3.76· 0.90· 3.99· 
std(C) l.05 0,44· 0.72· 0,44· 0.78· 0.36· 0.59· 0.36· 0.5· 
std(C) 0.92 0.59· 0.62· 0.59· 0,49· 0.58· l.63· 0.61· 0.37· 
std(l) 3.96 5.24· 4.81· 5.24· 6,42· 6.04· 6.67· 5.71· 7.2· 
std(X) 2.33 a a a a 1.31· 1.5· 1.33· 1.52· 
std(M ) 3.58 a a a a 0.98· 1.58· 0.94· 1.12· 
,td(NX) 0.80 a a a a 0.28· 0.37· 0.24· 0.54· 
"d(TH) 1.65 0.52· 0,49· 0.52· 0,49· 0.51· 1.13· 0.52· 0.56· 
std(AP) 1.03 0.52 0.76· 0.52· 0.80· 0.53· 0.72· 0.52· 0.66· 
corr(C,Y) 0.83· 0.91· 0.89· 0.91· 0.88· 0.92· 0.74· 0.91· 0.75· 
corr(G,Y) 0.34 0.05 0.04 0.05 0.06· 0.04 0.02 0.03 0.04 
corr(I,Y) 0.85· 0.98· 0.87· 0.98· 0.80· 0.91· 0.72· 0.92· 0.78· 
corr(X,Y) 0.23 a a a a 0.4 0,49· 0.53· 0.51· 
corr(M,Y) 0.67· a a a a 0.93· 0.82· 0.94· 0.83· 
corr(NXjY,Y) -0,47· a a a a -0.24 ·0.17 -0.13 ·0.20 
corr(TH,Y) 0.84· 0.96· 0.73· 0.96· 0.64· 0.96· 0.76· 0.95· 0.83· 
corr(AP,Y) -0.51· 0.96· 0.92· 0.96· 0.91· 0.96· 0.89· 0.96· 0.85· 
corr(Y,Y·) 0.63· 0.02 ·0.01 0.14· 0.05 0.02 -0.07 0.16· 0.04 
corr(C,C·) 0.54· 0.01 0.003 0.14· 0.09· 0.36· 0.58· 0,41· 0.69· 
corr(G,C·) 0.24 -0.02 ·0.002 -0.03 -0.01 ·0.03 0.01 -0.04 0.0007 
corr(I,I·) 0.73· 0.02 -0.01 0.14· 0.05 -0.26· -0.30· -0.07· -0.19· 
corr(X,X·) 0.22 a a a a 0.11· -0.10· 0.29· 0.01 
corr(M,M·) 0.63· a a a a ·0.05 -0.03 0.12· 0.06 
corr(NX,NX·) 0.60· a a a a -0.99· ·0.92· -0.99· -0.91· 
corr(TH,TH·) 0.60· 0.69· 0.58· 0.69· 0.60· 0.72· 0.48· 0.72· 0.56· 
corr(AP,AP·) 0.16 om -0.002 0.14· 0.09· -0.07· 0.02 0.001 0.14· 
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Table 9: Moments of the model series: Indivisible labor 

Actua! Common Trade FUll 
Moments data Autarky shocks only Interdep 

fixed random fixed random fixed random fixed random 
std(V) 1.30 1.13* 2.50* 1.13* 3.04* 1.13* 3.25* 1.13* 4.28* 
std(C) 1.05 0.38* 4.54 0.38* 1.92 0.32* 0.97* 0.32* 0.44* 
std(G) 0.92 0.49* 0.47* 0.49* 0.34* 0047* 0.29* 0.49* 0.31* 
"d(J) 3.96 5.72* 6.19· 5.72* 7.07* 6.49* 8.04* 6.U* 8.96* 
std(X) 2.33 0 0 0 0 1AO* 1.72* 1.43* 1.33· 
nd(M) 3.58 0 0 0 0 0.99* 2.50* 0.96* 2.66 
nd(NX) 0.80 0 0 0 0 0.33* 0048* 0.32* 0.52* 
nd(TH) 1.65 0.71* 0.83* 0.71* 1.73* 0.69* 1.89* 0.70* 3A2 
"d(AP) 1.03 0.38* 4.54* 0.38* 1.92* 0.41 * I.U* OAO* 0.52* 
corr(C,V) 0.83* 0.84* 0.77* 0.84* 0.76* 0.84* . 0.68* 0.83* 0.67* 
corr(G,V) 0.34 0.05 0.05* 0.05 0.07* 0.05 0.08 0.04 0.05 
corr(I,Y) 0.85* 0.98* 0.94* 0.98* 0.91* 0.91* 0.79* 0.92* 0.79* 
corr(X,Y) 0.23 0 0 0 0 0.39* 0.52* 0.54* O.SO* 
corr(M,Y) 0.67* 0 0 0 0 0.93* 0.84* 0.94* O.SS* 
corr(NX/Y,Y) -0047* 0 0 0 0 -0.23* -0.26* ·0.09 -0.26* 
corr(TH,Y) 0.84* 0.95* 0.89" 0.95* 0.80* 0.95" 0.85* 0.95* 0.87* 
corr(AP,Y) -0.51" 0.84" 0.77* 0.84* 0.76* 0.85* 0.75* 0.83* 0.74* 
corr(Y,Y*) 0.63* 0.04 0.04" 0.15* 0.12* 0.09* 0.05 0.25* 0.11* 
corr(C,e*) 0.54* 0.05 0.06* 0.17* 0.13* 0.36* 0.60* 0.42* 0.67* 
corr(G,G*) 0.24 -0.04 0.04 -0.04 0.02 -0.03 0.04 ·0.04 0 
corr(I,I*) 0.73* 0.04 0.02 0.15* 0.11* -0.19* -0.20* 0.03 -0.13" 
corr(X,X·) 0.22 0 0 0 0 0.15* 0.11* 0.35* 0.10* 
corr(M,M*) 0.63* 0 0 0 0 -0.03 0.04 0.17* 0.08* 
corr(NX,NX*) 0.60* 0 0 0 0 -0.99* ·0.91· -0.99* -0.91* 
corr{TH,TH*) 0.60* 0.50* 0.38* 0.50* OAS* 0.53· OA6· 0.52* OA4* 
corr(AP,AP*) 0.16 0.04 0.06 0.17* 0.13* -0.12 -0.05* -0.06 0.06 
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Table 10: Percentiles of the actual moments in the simulated distributions: Divisible labor 

Common Thad. FUll 
Moments Autarky shocks only Interdep 

fixod random fixod random fixed random fixod random 

corr(Y,Y·) 1 0.99 1 0.99 1 0.91 0.98 0.96 
corr(C,C·) 1 0.97 0.97 0.97 0.72 0.41 0.66 0.25 
corr(G,G·) 0.81 0.81 0.81 0.86 0.81 0.84 0.88 0.79 
corr(I,I·) 1 1 1 1 1 0.95 1 0.95 
corr(XX·) - - - - 0.59 0.84 0.34 0.72 
corr(M,M·) - - - - 1 0.92 1 0.89 
corr(NX,NX·) - - - - 1 1 1 0.99 
corr(TH,TH·) 0 0.13 0 0.21 0.01 0.41 0.02 0.33 
corr(AP,AP·) 0.68 0.72 0.50 0.59 0.78 0.72 0.70 0.50 

Table 11: Percentiles of the actual moments in the simulated distributions: Indivisible labor 

Common Thad. Full 
Moments Autarky shocks only Interdep 

fixod random fixod random fixod random fixod random 
corr(Y,Y·) 1 1 0.98 1 1 0.97 0.97 0.99 
corr(C,C*} 0.96 0.98 0.91 0.95 0.70 0.36 0.64 0.25 
corr(G,G·) 0.88 0.83 0.88 0.84 0.81 0.83 0.88 0.79 
corr(I,I·) 1 1 1 1 1 0.98 1 0.97 
corr(X,X·) - - - - 0.56 0.68 0.20 0.57 
corr(M,M·) - - - - 1 0.97 1 0.91 
corr(NX,NX·) - - - - 1 1 1 1 
corr(TH,TH·) 0.97 0.68 0.97 0.82 0.89 0.60 0.90 0.70 
corr(AP,AP·) 0.63 0.69 0.48 0.56 0.80 0.77 0.76 0.60 
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