
Technology shocks around the world

Martial Dupaigne ∗ Patrick Fève †
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Abstract

This article studies the effects on employment of permanent technology shocks in the major
seven developed countries. The recent empirical literature that uses Structural Vector Autore-
gressions (SVAR) has shown that productivity shocks identified using long–run restrictions lead
to a persistent and significant decline in hours worked in most industrialized countries. We ar-
gue that the technology shocks which affect labour productivity in any country spread around
the world. We show that the international transmission of shocks prevents the SVAR used in
the existing literature to accurately identify permanent shocks to technology, but also provides
alternative identifying restrictions. Our claim that evaluations carried over using SVARs are
not informative is based on both actual and artificial data. Using actual data, the sign of the
measured short–run response of employment to permanent technology shocks depends on the
aggregation level. Using a calibrated multi-country model to generate artificial data, we show
that impulse response functions from single–country SVARs are heavily downward biased, while
SVAR on zone data deliver consistent – but useless – estimates. We therefore propose alterna-
tive VAR evaluations suited to an international context. Our preferred specification, which is
based on a short–run restriction, estimates consistently on impact the response of labour input
to permanent technology shocks on artificial data. Using this identification scheme on actual
data, we find that employment significantly increases in every G7 country following a world
permanent productivity shock.
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Introduction

This article studies the effects on employment of permanent technology shocks in the major

seven developed countries. While the effects of technical progress on employment have long

raised political economy issues, they have also recently been receiving a lot of emphasis in

business cycle analysis. The response of employment to a technology shock belongs to the set

of conditional statistics that Gaĺı [1999] uses to discriminate between alternative business cycle

models, as opposed to the unconditional statistics typically used in the RBC literature.

The challenging task in measuring the effects on inputs (including labour) of technology

shocks is to measure technology itself. The conceptual object with which macroeconomists

describe technology is the aggregate production function, the empirical counterpart of which is

not observable. Under constant returns to scale, permanent labour-augmenting improvements

in technology can however be identified. Because they do not eventually affect the optimal

mix of inputs, the long–run movements in average labour productivity, which are observable,

reveal those of technology. Gaĺı [1999], Gaĺı and Rabanal [2004] and Francis and Ramey [2005a]

endorse this identifying scheme to measure the effects of permanent shocks to productivity

with a Structural Vectorial Auto-Regressive (SVAR) model, using a long–run restriction à la

Blanchard and Quah [1989]. These studies conclude that such technology shocks drive labour

input down during several quarters in most industrialized countries. This finding contradicts

standard flexible–price models, but favours sticky–price models in which output is demand–

determined in the short–run.1

In this paper, we argue that the technology shocks which affect labour productivity in any

country spread around the world. We show that the international transmission of shocks first

prevents the SVAR used in the existing literature to accurately identify permanent shocks to

technology, but, second, provides alternative identifying restrictions.

Our claim that evaluations carried over using SVAR are not informative is based on both

actual and artificial data. Using actual data, the sign of the measured short–run response of

employment to permanent technology shocks depends on the aggregation level. Precisely, the

following three observations are inconsistent with each other. First, SVAR evaluations carried

out with single–country data suggest that employment decreases in the seven G7 countries.2

Second, permanent technology shocks have similar impacts on the G7 countries, meaning that

1Accepting this interpretation, Collard and Dellas [2003] and Francis and Ramey [2005a], among others, specify
flexible–price models able to reproduce a fall in hours following a technology shock.

2Our results are similar to those obtained by Gaĺı [1999] for a different sample period.
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the permanent technology shock is common to the G7 countries (or, in other words, that all

country–specific shocks are temporary). Since employment does not increase in any G7 country

after a common permanent shock, it should therefore not do so at the G7 level. Third, an

evaluation with G7 aggregate data (i.e. total G7 employment and average productivity of

labour) nevertheless reveals a significant raise in G7 employment. We label the discrepancy

between the response of employment evaluated at the country and G7 level an aggregation

puzzle. In the following step, we show that this puzzle can be a consequence of identification

errors at the country level which disappear once data are aggregated.

Using artificial data, we test the ability of the SVAR methodology to recover the true

response of employment to a permanent technology shock in a controlled experiment. We

therefore follow a standard practice in econometrics to evaluate the (small–sample) properties

of estimators and related test statistics. The Data Generating Process (DGP) we use is a

frictionless multi–country dynamic stochastic general equilibrium (DSGE) model with a common

permanent technology shock and country–specific stationary ones.

Our quantitative evaluation is similar to that undertaken in Chari, Kehoe and McGrattan

[2004], Erceg, Guerrieri and Gust [2004] and Dupaigne, Fève and Matheron [2005]. These papers

show, in closed–economy setups, that preference and fiscal shocks may disturb the identification

of permanent technology shocks. Their common intuition is that, under decreasing returns

to labour input, every shock with long–lasting detrimental effects on labour input stimulates

average labour productivity, even in the medium–run. Such shocks contaminate the estimated

response of labour input to permanent productivity shocks. Quantitatively, such distorsions

appear to be large enough to reverse the sign of the employment response for DGPs mimicking

different statistics of US data. We extend these analyses to a multi-country setup.

In an international context, foreign non-permanent shocks also induce the contamination of

permanent technology shocks. Any shock that temporarily increases the productivity of a given

country reduces labour input in other countries because of a wealth effect due to risk–sharing

motives. The drop in hours worked raises productivity in those countries as long as capital is

not fully reallocated to the most productive economy. Hence, the average productivity of labour

in any country does not only reflect its own shocks, but also those of its neighbours.

A two–country model is calibrated such that one country exactly matches a set of moments

that summarizes the US business cycle. The model is then used to generate artificial data. From

this data, we compute IRFs of employment to the permanent technology shock using the SVAR

with a long–run restriction. These estimated IRFs are thus compared to the true theoretical
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ones. We first show that the relative downward bias of the estimated response on impact is as

large as 200%, meaning that the SVAR evaluation does not even recover the correct sign of the

‘true’ response. On the contrary, an SVAR on aggregate data (i.e. data on the zone composed

of all countries) reliably measures the ‘true’ evolution of employment.3 To the extent that the

G7 collects a large enough share of the world economy, these experimental results support the

aggregation puzzle uncovered empirically. From a practitioner point of view, SVAR evaluations

may therefore be helpful only for economies which are either larger or more closed than the US

one.4

The set of experiments presented so far makes clear that average labour productivity does not

track total factor productivity closely enough to avoid measurement problems. In a second step,

we propose alternative VAR evaluations suited to an international context. These evaluations

combine data from various countries in order to disentangle the different productivity shocks.

Their ability to recover the ‘true’ dynamics of employment is tested using once again the multi-

country DSGE model as a DGP. For example, replacing the growth rate of labour productivity

in a single–country by the zone–average growth rate of labour productivity does not mitigate the

identification problems, because the zone also receives different persistant technology shocks.

Our preferred specification uses the labour productivity differential relative to the G7 zone

and a short–run restriction, namely that the permanent technology shock has a common impact

on labour productivity in all countries. In the model, the labour productivity differential reacts

differently to permanent shocks (which have no impact effects), transitory shocks to domestic

productivity (which induce an increase in the differential) and to foreign productivity (which

induces a reduction in the differential). Quantitatively, this structural VAR measures without

any bias the short–run increase in hours worked that follows a permanent improvement in

technology.

As just shown, a structural VAR on the growth rate of labour input and relative labour pro-

ductivity with a short–run restriction nicely detects a raise in labour input. Does it also detect a

decrease in hours worked? A last experiment is carried out to evaluate the discriminating power

of this specification.5 The multinational model is augmented to incorporate habit persistence

3As a by–product, our experiments illustrate that the overdifferenciation issue emphasized in Christiano, Eichen-
baum and Vigfusson [2003] may not matter quantitatively, since a misspecified DSVAR (structural VAR with labour
input in difference) does not exhibit a large bias on an autarkic economy.

4Gaĺı [2004] studies the Euro area as a whole, and finds that technology improvements are detrimental to employ-
ment in the Euro area, as he does on US data.

5The identification problems that Gaĺı [1999]’s methodology suffers from can be interpreted as a lack of discrimi-
nating power. In fact, Chari et al. [2004], Erceg et al. [2004], Dupaigne et al. [2005] and the present paper all show
that such SVAR may detect a fall in hours worked after a permanent productivity shocks in economies where they do
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in consumption. As in Wen [2001] or Francis and Ramey [2005a], the enhanced sluggishness of

consumption implies a detrimental impact effect of technology shock on hours worked. In this

controlled experiment as well, the average measurement bias remains very low. This illustrates

the power of the labour productivity differential SVAR against a specific alternative.

Finally, when this specification is applied to actual data, the response of employment to

a common productivity shock is significantly positive in all the G7 countries, during the first

three years. This result is in sharp contrast with the estimated response to the permanent

productivity shock identified in SVAR with long–run restriction. The two structural VARs

differ in terms of identifying restriction: the first scheme identifies the shock which has the

same instantaneous effect on single–country labour productivity and G7 labour productivity,

while the second identifies the shock which has a long–run effect on domestic labour productivity.

However, on actual data, country–specific shocks have no long–run effect on labour productivity

while the common shock has; and non–permanent shocks do affect productivity differentials on

impact in most countries while permanent shocks do not. Hence, both schemes aim to identify

the same shock, namely the common permanent shock to G7 productivity.

The large discrepancy between these two identification schemes observed on actual data is

also apparent over artificial data. In that case, it revealed the bias plaguing SVAR on single–

country data and long–run restriction. All in all, the pieces of evidence presented in this paper

do not favor the rejection of the whole class of flexible–price model in favour of sticky–price

models.

Our emphasis on world shocks meets an empirical literature seeking to identify common

factors in international business cycles. Recently, Stock and Watson [2003] define world shocks

as those that affect GDP in all G7 countries within the same quarter. They show that this shock

accounts for 30 to 90% of the 2–years ahead forecast error of GDP, except for Japan. Notice

that our world technology shock verifies their definition. Using historical data since 1880, Bordo

and Helbling [2003] find that global common shocks are the dominant influence of business

cycle synchronisation across diverse exchange rate regimes. Kose, Otrok and Whiteman [2003]

consider sixty countries, and show that the world factor is important in explaining fluctuations

in developed and stable economies. Among others, these papers establish the large contribution

of world shocks to aggregate fluctuations.

Next section presents the methodology used in Gaĺı [1999] and Francis and Ramey [2005a],

as well as the empirical response of employment evaluated at the country and G7 level. Section

increase as well as in economies where they do decrease.
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2 sets up the theoretical model used as a DGP, illustrates the measurement bias and discuss how

country–specific transitory shocks contaminate common permanent ones. Section 3 proposes

three other SVAR specifications, tests all of them on artificial data and applies our preferred

specification to actual data. Last section concludes.

1 Technology shocks and employment in the major

seven countries

This section studies the empirical effects of permanent technology shocks on employment in

the major seven countries, applying the structural VAR approach already used in Gaĺı [1999],

[2004] and [2005], Gaĺı and Rabanal [2004], Christiano et al. [2003] and [04], Francis and Ramey

[2005a], Francis and Ramey [2005b]. The existence of a unique world permanent technology

shock is then established, revealing an empirical puzzle: the effects of permanent productivity

shocks on employment measured through this structural VAR approach are not robust to the

level of aggregation.

1.1 An empirical methodology to measure the effects of perma-
nent technology shocks

To identify technology shocks and their effects, Gaĺı [1999] estimates a canonical vectorial auto-

regressive (VAR) model over the growth rates of labour productivity, ∆xt, and labour input,

∆nt (omitting the constant term without loss of generality):[
∆xt

∆nt

]
= A1

[
∆xt−1

∆nt−1

]
+ . . . + Ap

[
∆xt−p

∆nt−p

]
+ ut. (1)

The error term ut in this expression is not serially correlated and has a variance–covariance

matrix Ω.

When this VAR is invertible, the growth rates of labour productivity and labour input can

be expressed as a moving average (the order of which is possibly infinite) of the innovations u:[
∆xt

∆nt

]
= ut + B1 ut−1 + B2 ut−2 + . . . .

In this setup, Bk measures the kth period response of the endogenous variables to a unit

disturbance. However, neither the disturbance u nor these responses Bk can receive any struc-

tural interpretation at this point, because this vectorial moving average (VMA) representation

is definitively not unique. In fact, any process

C0 vt + C1 vt−1 + C2 vt−2 + . . . , with Evtv
′
t = Ψ.
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yields the same vector of observables [∆x′t,∆n′t] as soon as
C0 vt = ut,

Cj C−1
0 = Bj ,

C0 ΨC′
0 = Ω.

In a two–variables VAR, these conditions give three constraints while C0 has four elements.

Structural VARs use economic theory to impose the restrictions required to compute C0 and

to recover the structural shocks from the disturbance u.

The theoretical restriction used by Gaĺı [1999], Gaĺı and Rabanal [2004] and Francis and

Ramey [2005a] is that improvements in technology raise the average productivity of labour,

and that labour productivity is in the long–run only driven by such technology shocks. These

properties arise in a large number of macroeconomic models, even though not in all of them.6

The use of average labour productivity as a proxy for technology imposes long–run identification:

in the short and medium run, the stock of physical capital also affects the average productivity

of labour given technology; but shocks with permanent effects on labour productivity, i.e. after

capital (and any potential other input) has adjusted, are technological in nature.

Using the lag operator L, the growth rates of labour productivity and labour input are writ-

ten as distributed lags of two orthogonal shocks, {εz
t } and {εm

t } of identity variance–covariance

matrix: [
∆xt

∆nt

]
=

[
C11(L) C12(L)
C21(L) C22(L)

] [
εz
t

εm
t

]
. (2)

The identifying restriction C12(1) = 0 implies that the second shock, {εm
t }, does not have any

long run impact on productivity. Hence, the first shock, {εz
t }, is the only one having permanent

effects on labour productivity, and can be interpreted as a permanent technology shock.

We use this methodology to evaluate the impact response of employment to the permanent

technology shock in the G7 countries. For the sake of comparison, we measure output and

labour input by GDP and civilian employment per capita.7 National as well as aggregated

data8 are available in the OECD Main Economic Indicators from 1978:1 to 2002:4. The results

of ADF and KPSS unit root tests, reported in tables 7 to 9 (in appendix) and further discussed

later on, suggest that log labour productivity and log employment are difference stationary and

that the VAR model (1) underlying the VMA representation (2) is stationary. The number of

6Endogenous growth models are obvious examples of setups in which non–technology shocks (here, any shock) have
long–run effects on labor productivity. Alternatively, Uhlig [2004] emphasizes permanent changes in the capital tax
rate or changing attitude towards the workplace.

7Gaĺı and Rabanal [2004] compare the results of evaluations undertaken for different indicators of output and labour
input.

8For example, the G7 employment number simply sums single–country employment figures.
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lags for each country, selected according to an Akaike information criterion, appears in Table

13.

Table 1 displays the estimated impact responses of productivity and employment to the

permanent productivity shock, in each country and at the aggregated level. For each country,

point estimates Ĉ11(0) and Ĉ21(0) are displayed in the first two columns. The last column

reports the results of Montecarlo experiments over 500 drawings in the distribution of reduced-

form VAR errors. It measures the probability that the employment decreases on impact after a

shock that has a positive permanent impact on productivity.

Table 1: Impact response to a permanent productivity shock

productivity employment
country point estimate point estimate % of distribution ≤ 0
United States 0.407 -0.084 69.27
Canada 0.378 -0.301 99.29
United Kingdom 0.388 -0.387 100
Germany 0.911 -0.176 96.86
France 0.329 -0.097 88.61
Italy 0.835 -0.443 100
Japan 0.751 -0.092 93.18
G7-weighted sum – -0.191 –
G7 0.368 0.104 2.26

Note: VAR estimated on actual data, with the number of lags in Table 13. The estimated density function
over 500 simulations is smoothed with a Gaussian kernel. Sample period: 1978:1–2003:4. Source: OECD
Main Economic Indicators.

The seven first rows of Table 1 shows that the impact response of employment is negative in

all the G7 countries, while that of productivity is naturally positive. In four of these countries

(Canada, United Kingdom, Germany and Italy), the null hypothesis that employment decreases

on impact is not rejected at the 5% level. These findings support Gaĺı [1999]’s evidence: em-

ployment does significantly decrease on impact in several G7 countries,9 and does not increase

in any.

Hence, under the assumption that the permanent technology shock is common to the major

seven countries, the G7 employment impact response is expected to be negative as well. The

eighth row computes the point estimate of the impact response of G7 employment by aggregation

9Using quarterly employment data and annual hours worked data from the OECD Labor Force Statistics respec-
tively, both Gaĺı [1999] and Gaĺı [2005] find that labour input decreases after a permanent technology shock in all G7
countries but Japan.
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of the seven national point estimates.10 Unsurprisingly, this number is negative.

Finally, the ninth row of Table 1 reports the counterpart of the seven single–country exer-

cises, but on G7 aggregated data available in the OECD database. This exercise provides an

alternative to the previous one to evaluate the aggregated effects of a technology shock. Over

this data set, a permanent improvement in productivity actually raises employment. As such,

this would mean that a permanent improvement in technology reduces instantaneously employ-

ment in every G7 country, but at the same time stimulates the G7 aggregate employment. We

label this observation the aggregation puzzle.

Next, empirical evidence is provided that the permanent shocks to productivity are global

(or at least common to the G7 countries). We also investigate whether the literature that

criticizes structural VARs may account for this puzzle. Our preferred explanation for this

puzzle, detailed in the third section, is that the estimated response of G7 employment can be

trusted while national responses – hence the aggregation of them – cannot.

Figure 1 provides a last illustration of the aggregation puzzle which supports this view.

Figure 1 plots the distribution of the impact response of G7 employment to the permanent

shock to G7 productivity, as well as the impact response obtained through aggregation of single–

country responses (grey solid line). The probability that the aggregation of single–country

responses equals the response estimated over aggregate data is 0 (The probability that the

response estimated over aggregate data exceeds the aggregation of single–country responses is

1).

1.2 An aggregation puzzle

The aggregation of single–country effects, undertaken in Table 1, implicitly follows Stock and

Watson [2003] and assumes that the major seven countries are hit by a common permanent

technology shock, i.e. a shock which affects simultaneously all economies. This assumption

is tested by comparing the effects of permanent technology shocks on labour productivity in

different countries. Specifically, we compute the impact of permanent technology shock on

productivity differentials vis-à-vis the United States, and vis-à-vis the G7, through the following

SVARs:11 [
∆xt

xt − xUS
t

]
=

[
C̃11(L) C̃12(L)
C̃21(L) C̃22(L)

]
εt, with C̃12(1) = 0, and (3)

10Labeling Ĉi
21(0) the point estimate of the impact response of employment in country i and πi its relative population,

this number is precisely log
{∑

i

[
πi exp

(
Ĉi

21(0)
)]}

.
11The stationarity of these productivity differentials is discussed in Appendix.
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Figure 1: Impact response of employment in the G7
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[
∆xt

xt − xG7
t

]
=

[
C̃11(L) C̃12(L)
C̃21(L) C̃22(L)

]
εt, with C̃12(1) = 0. (4)

The first (respectively last) two columns of Table 2 report the estimated impact of a per-

manent shock in each country to the productivity differential of that country with respect to

the US (respectively G7). The first column displays the point estimate of C̃21(0), while the

second one computes the percentage of the distribution for which the productivity differential

increases. It is meant to test whether the estimated effect on relative productivity of permanent

shocks statistically differs from zero. If not, the permanent shock hits all the G7 countries, at

the same time. Hence, the aggregation results in Table 1 are meaningful.

For example, the third line of Table 2 reads as follows: according to specification (3), the

shock which has a permanent impact on productivity in the United Kingdom raises labour

productivity in the US more than in the United Kingdom,12 by around .2%; Monte carlo

replications show that the United Kingdom labour productivity differential vis-à-vis the US

decreases for a third of observations, while it increases for two third of observations.

The point estimates C̃21(0) show that permanent shocks to productivity increase the produc-

tivity differential with respect to the US for three countries, and reduces it for the other three.

12Each permanent productivity shock raises national labour productivity on impact, as shown in the last column of
Table 1.
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Table 2: Impact response of relative labour productivity to a permanent productivity shock

relative to the US relative to the G7
country estimate % of obs.≥ 0 estimate % of obs.≥ 0
United States – – 0.090 73.19
Canada -0.683 20.56 -0.101 44.93
United Kingdom -0.181 33.32 0.398 96.91
Germany 0.386 76.43 -0.265 27.68
France 0.059 27.73 -0.246 54.82
Italy 0.181 61.90 -0.492 16.99
Japan -0.224 30.36 -0.331 20.57

Note: VAR estimated on actual data, with the number of lags in Table 13. The estimated density function
over 500 simulations is smoothed with a Gaussian kernel. Sample period: 1978:1–2003:4. Source: OECD
Main Economic Indicators.

However, the nullity of the six impact responses can not be rejected at conventional levels. The

replication of this exercise for the productivity differential vis-à-vis the G7 confirms the previous

findings: at the 5% level, a bilateral test on the estimated impact on relative productivity does

not reject the null hypothesis in any country (0 does not belong to one of the 2.5% tails). At

the 10% level, it is only rejected for the United Kingdom.13

The permanent productivity shock that hits any G7 country not only improves instanta-

neously average labour productivity in this country, but also in the six others.14 This shock

increases productivity simultaneously and proportionally in all countries.

Table 3 reports the same statistics for the impact response of labour productivity differential

to the non–permanent shocks, C̃22(0). As opposed to permanent shocks, the instantaneous

effects of non–permanent shocks differ across countries. At the 10% level, the null hypothesis of

symmetry is rejected (i.e. 0 does not belong to the 5% tails) in all countries but Canada when

national productivities are compared to the US one (two first columns); in all countries but

France when productivity is compared to the G7 one (two last columns). At the 5% level, the

invariance of productivity differentials cannot be rejected for these two countries, but is strongly

reject for United Kingdom, Germany, Italy, Japan and, when relevant, the United States. The

results in Table 2 and 3 support the existence of a common permanent technology shock in the

G7 alongside country–specific non–permanent shocks.

13Alternative VARs
[
∆x′

t,∆n′
t,

(
xt − xUS

t

)′] and
[
∆x′

t,∆n′
t,

(
xt − xG7

t

)′] with long run restrictions, which encom-
pass specification (2), deliver quantitative results very close to those presented in Table 2.

14This property is stronger than cointegration of labour productivity in the G7. It not only implies that labour
productivities share a stochastic trend, but also that this permanent shock affects the different countries at the same
date.
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Table 3: Impact response of relative labour productivity to a non–permanent shock

relative to the US relative to the G7
country estimate % of obs.≥ 0 estimate % of obs.≥ 0
United States – – 0.367 100
Canada -0.033 77.18 0.580 96.96
United Kingdom 0.700 99.77 0.514 99.83
Germany 0.907 99.74 0.645 99.92
France 0.588 95.76 -0.364 79.09
Italy 1.010 99.80 0.696 99.83
Japan 0.975 100 0.673 99.87

Note: VAR estimated on actual data, with the number of lags in Table 13. The estimated density function
over 500 simulations is smoothed with a Gaussian kernel. Sample period: 1978:1–2003:4. Source: OECD
Main Economic Indicators.

The G7 countries being simultaneously hit by the same permanent technology shocks, the

weighted average of the single–country employment impact response should therefore measure

the response of G7 employment to the common permanent technology shock. But this weighted

average significantly differs, as shown in Figure 1, from the response directly computed over

aggregate data.

1.3 Possible explanations for the aggregation puzzle

Here we investigate whether the literature that has followed Gaĺı [1999] has raised issues able

to explain the aggregation puzzle we have uncovered.

Overdifferenciation Christiano et al. [2003] claim that the VAR on growth rates of labour

productivity and labour input is misspecified on US data, because US hours worked per capita

are stationary and not difference stationary. Overdifferencing labour input induces a bias on

the estimated response of employment. Christiano et al. [2003] estimate a VAR on the growth

rate of labour productivity and the log of labour input. They find that hours worked actually

increase after a permanent shock to productivity.15

Regarding the aggregation puzzle, the overdifferencing argument holds if national employ-

ment data are stationary – inducing a bias in the single–country experiments – while G7 em-

ployment data are difference-stationary; or if single–country data are difference–stationary and

G7 employment are not – meaning that the bias lies in our last experiment.

15Using model–based experiments, Chari et al. [2004] however show that a structural VAR with employment in level
may also deliver a positive bias; that is, estimated responses of employment can exceed te true ones.
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Tables 7 to 9, in appendix, report the results of two sets of unit root tests applied on

employment data. These results do not provide evidence that single–country and aggregated

employment data have different integration orders. In fact, any weighted sum of unit root

process is a unit root process.

Lags Chari et al. [2004] argue that the autoregressive representation of a business cycle model

fitted to US data is not well approximated with a small number of lags, regardless whether the

log-level or growth rate of labor input is considered. They show that at least one hundred lags

are required to approximate well the VAR process. Quantitatively, the induced bias is large

enough to reverse the sign of the estimated response of employment for typical number of lags

(four to ten) in the difference specification. Furthermore, standard lag length tests do not detect

the need for more lags in the level specification.

Here, the argument may apply along two lines. First, the number of lags selected in the

different exercises need not be the same (it is not, see Table 13); hence, the number of lags

selected on single–country data may provide a better approximation of the true process of

the underlying variables than the number of lags selected on aggregate data, or vice versa. To

account for this possibility, we run the same exercises with the maximum number of lags detected

in the first step (twelve) applied homogeneously to all datasets. The probability that the impact

response evaluated on aggregated data exceeds the weighted average of single–country point

estimates remains larger than 99.99%.

Second, the VAR process underlying single–country data and aggregate data may not require

the same number of lags to be well approximated. None of these processes being observable,

this point calls for the specification of national and multinational business cycle models and for

the study of their recursive representation.

Missing variables To control for a potential omitted-variable bias, Erceg et al. [2004] esti-

mate on artificial data a larger VAR, which includes the ratio of consumption and investment

to output. They show that the sign of the estimated response remains unchanged, while the

precision of estimation is improved. On actual US data, Gaĺı [1999] and Christiano et al. [2003]

obtain similar results. Recently, Francis, Owyang and Theodrou [2004] estimates four-variable

SVAR (including labor productivity, employment, short-term nominal interest rate and infla-

tion rate) for the G7 countries. The impact response of employment to a permanent technology

shock remains negative in all countries but France. Their findings suggest that the results in

Table 1 do not suffer from severe omitted-variable bias.
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2 The identification of permanent technology shocks

through long–run restrictions

To measure the reliability of the SVAR approach, we construct an artificial multi-country econ-

omy hit by permanent productivity shocks and transitory ones. This model economy is used as

a DGP to simulate artificial data over which the SVAR is estimated, as do Chari et al. [2004],

Erceg et al. [2004] or Uhlig [2004]. The SVAR evaluation is first performed over artificial data

for a single country; then over artificial aggregate data. In both cases, the estimated response of

employment to the permanent productivity shock are compared to the theoretical effect, known

from the model propagation mechanism.

2.1 The theoretical model

We consider a flexible–price dynamic general equilibrium model à la Baxter and Crucini [1993]

or Backus, Kehoe and Kydland [1995]. The world is composed by n countries, the first one being

labeled as ‘home country’. These countries are symmetrical, except in terms of population. A

fraction πi of the world population lives in country i. These shares are constant over time and∑n
i=1 πi = 1. All variables are expressed per capita.

Preferences

Households in country i are endowed with one unit of time. They choose consumption and

leisure plans, {Ci,t}t=0,+∞ and {Li,t}t=0,+∞, so as to maximize their expected lifetime utility

E0

+∞∑
t=0

βt [log Ci,t + ϑ log Li,t] , i = 1, . . . , n with 0 < β < 1 andϑ > 0

subject to a sequence of budget and time constraints.

Technology

All firms have access to a constant-returns-to scale technology to produce a unique good. Re-

spectively denoting Yi,t, Ki,t and Ni,t the output, the capital input and labor input in country

i at date t, the production function writes

Yi,t = (Γi,t Ni,t)
α K1−α

i,t , i = 1, . . . , n, (5)

with 0 < α < 1. In this expression, Γi,t represents the stochastic labor–augmenting technical

change/progress affecting country i.
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Labor is not mobile across countries. In each country, the following constraint holds

1− Li,t −Ni,t ≥ 0, i = 1, . . . , n.

Capital input is mobile across countries but subject to adjustment costs (which vanish along

the stochastic balanced growth path). Hence, the accumulation of national capital stock follows

Ki,t+1 ≤ (1− δ) Ki,t+Ii,t−
ϕ

2

(
Ii,t

Ki,t
− a− 1 + δ

a

)2

Ki,t, i = 1, . . . , n with 0 < δ < 1 and ϕ ≥ 0.

Markets

The final good is internationally mobile. The world resource constraint writes

n∑
i=1

(Yi,t − Ci,t − Ii,t) ≥ 0.

Individual agents have access to a complete set of markets for state–contingent assets. The

equilibrium of this model economy is equivalent to the solution of the following social planner

program:

max
{Ci,t, Ii,t, Li,t, Ni,t}t=0,+∞

L = E0

+∞∑
t=0

βt

{
n∑

i=1

πi [log Ci,t + ϑ log Li,t]

+
n∑

i=1

Λi,t πi

[
(1− δ) Ki,t + Ii,t − ϕ

2

(
Ii,t

Ki,t
− a−1+δ

a

)2
Ki,t −Ki,t+1

]
+

n∑
i=1

Wi,t πi (1− Li,t −Ni,t)

+Pt

[
n∑

i=1

πi (Yi,t − Ci,t − Ii,t)

]}

with the Lagrange multipliers Λi,t ≥ 0 ∀ i, t, Wi,t ≥ 0 ∀ i, t and Pt ≥ 0 ∀ t, given initial conditions

on capital stock. The usual transversality conditions apply.

Shocks

The structural VAR methodology described in 1.1 emphasizes permanent productivity shocks.

When hit by productivity shocks integrated of order one, closed economies display a stochastic

balanced growth path. A stationary transformation of such economies converge towards an

unique steady–state. This is no longer the case in a multi–country setting if countries are

affected by independent productivity shocks. The stationarity of equilibrium ratios requires

that national levels of total factor productivity share a common stochastic trend. In each

country, output, labour productivity, consumption (and a number of other variables) follow the

same stochastic trend (see for example King, Plosser, Stock and Watson [1991] for an empirical
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work based on this restriction). Under complete markets, the marginal utility of consumption

is proportional across country, which implies that consumption flows in all countries share a

common trend. Hence, national labour productivities need to be cointegrated.16

As in Erceg et al. [2004], we decompose Total Factor Productivity (TFP) into two compo-

nents: a random-walk with drift, and a stationary autoregressive process of order one. Specifi-

cally, we assume that national TFPs processes are as follow:{
Γi,t = At exp ei,t, where ei,t = ρ ei,t−1 + εi,t, i = 1, . . . , n
At = At−1 exp at

with 0 ≤ ρ < 1, {at} an iid process of mean a > 1 and variance σ2
a, and {εi,t} a collection of n

white noises of variance σ2
εi

. Hence, n transitory sovereign shocks to TFP coexist in this model

with one permanent world TFP shock.

We emphasize here the distinction between permanent and transitory shocks, more than a

distinction between productivity and non-productivity shocks. In a closed economy, permanent

and transitory technology shocks exhibit the same covariation with employment, such that no

room is left for contamination in the identification of permanent technology shocks (see section

2.4). Conversely, the international transmission of stationary foreign shocks alter the ability of

SVARs to consistently identify the effects of permanent productivity shocks. In fact, a foreign

stationary technology shock, a domestic preference shock and a domestic fiscal shock all share

the same effects on the domestic economy in the short–run, namely a decrease in employment

and a rise in average labor productivity.

Output in efficiency units is defined as yi,t = Yi,t

At
, and the same transformation is applied

to exnditures. Intensive physical capital of country i writes ki,t = Ki,t

At−1
. This transformed

multi–country economy exhibits a unique steady–state.

2.2 Calibration and propagation of shocks

The quantitative experiments presented in the following compare the predictions of the model

for the ‘home’ economy with United States actual data. Values of the deep parameters are

calibrated to replicate features of the US economy.

We assume that countries are symmetrical, i.e. that the functional forms and parameters

describing preferences and technology are identical in all countries. Two characteristics differ

16In Appendix A and B, we test the stationarity of labour productivity differentials vis-à-vis the USA and the G7,
which impose a cointegrating vector equal to (1,-1) in productivity pairs. Univariate unit root tests do not deliver
clear-cut evidence, but their lack of power is well-known. We thus implement panel unit root tests which are more
powerful (see Levin, Lin and Chu [2002]). These tests reject unit root, and therefore support the stationarity of
productivity differentials.
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across country: their size, and the variance of their country–specific stationary technology shock.

To remain parsimonious in terms of parameters, we consider the special case of two countries

(i.e. n = 2).

We partition the model parameters into two groups. The first group is composed of π1, α,

β, δ and ā which are calibrated prior to the estimation of a second group of parameters.

The empirical counterpart of the ‘world’ economy (that is the collection of national economies)

we consider is the G7, the group of major seven industrialized countries. Therefore, we set π1

to 40%, which is the average share of US population (aged 15 to 64) in the G7 one. Table 4

displays all parameter values.

Table 4: Parameter values

Calibrated Estimated
Parameter Value Parameter Value

π1 .4 ϕ 2.96
α .6 σa .010
β .9895 σε1 .003
δ .025 σε2 .028
ā 1.004 ρ .963

The elasticity of output to the labor input α equals 0.6, the average share of labor income to

output. The psychological discount rate β is chosen such that the steady–state annual return

to capital equals 6%. The depreciation rate of physical capital δ and the average growth rate of

total factor productivity ā are respectively set equal to, 0.025 and 1.004 (Cooley and Prescott

[1995]). The value of ϑ in the utility function is chosen such that households allocate 20% of

their time to market activities.

The second group of parameters includes the capital adjustment cost parameter, ϕ, together

with the coefficients governing the autoregressive processes of the country–specific components

of productivity σa, σε1 and σε2 . These parameters are estimated using the method of moments.

The second order moments we use, displayed in Table 5, are computed on HP-filtered data:

the standard deviation of cyclical output σ
Ŷ h , labour input σ

N̂h and investment σ
Îh ; the cor-

relation between labour productivity and labour input corr(N̂h, Ŷ h/Nh); and the first order

autocorrelation of labour productivity ρ
Ŷ h/Nh

. Since we do not impose any over-identifying

restriction, the model exactly matches our set of second-order moments.17

17This set of moments includes stylized facts on the labor market that standard RBC models have tremendous
difficulty to reproduce.
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Table 5: Historical moments

σ
Ŷ h σ

N̂h σ
Îh corr(N̂h, Ŷ h/Nh) ρ

Ŷ h/Nh

.0156 .0178 .0411 -.4863 .7282

Source: US data from the National Income and Product Accounts. Y h

stands for per capita GDP; Nh for per capita hours worked in the non-
farm business sector; Ih for per capita non-residential investment plus
consumption in durable goods. Sample period 1955:1 to 2002:4.

For parameter values in Table 4, we solve numerically for the equilibrium of the model

economy. The solutions for labour input, n1, and labour productivity, x1, of the home economy

respectively write {
n1

t = N(L)× [at, ε1,t, ε2,t]
′ ,

x1
t = X(L)× [at, ε1,t, ε2,t]

′ .
(6)

Hence, Ni(·) and Xi(·) describe the response of labour input and labour productivity, re-

spectively, to shock i, i = {at, ε1,t, ε2,t}. In what follows, we will specially focus on the impact

response of employment to the world technology shock, N1(0).

Figure 2 displays the response of home employment and labour productivity to the three

shocks hitting the model economy. The left panel portrays a one standard-deviation improve-

ment in the common component of TFP. This permanent technology improvement raises instan-

taneoulsy domestic labour productivity as well as the steady-state level of home capital. The

average productivity of labour further increases as capital is accumulated.18 The correspond-

ing increase in the shadow price of capital induces households to supply more labour. Home

employment does increase by approximately .5% and returns monotonically to steady state.

Figure 2: Theoretical impulse response functions of home employment and labour productivity
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18The response of labour productivity for long horizons tends to 1/α the increase in TFP.
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The middle panel shows the effects of the domestic stationary productivity shock. Home

employment increases on impact due to intertemporal substitution, marginal returns of produc-

tion factors being temporarily high. Nevertheless, labour productivity slightly increases after

impact. International reallocation of capital is taking place under TFP differences, but is slowed

down by the capital adjustment costs.19

Finally, the effects on home economy of the foreign stationary TFP shock are displayed in

the right panel. In the home country, technology is not affected (at any horizon). However,

in the presence of complete asset markets, asset portfolio diversification ensures risk sharing.

Households living and working in the home country own shares of foreign firms. The value of

these shares, equal to the expected discounted revenues of capital, increases after the positive

foreign productivity shock. Getting wealthier, domestic households supply less labour and

home employment decreases by more than 1% on impact. At the date of the shock, this

raises the capital–labor ratio and average productivity of labour: the impact response of labour

productivity equals (α − 1) times the impact response of employment. Over time, capital gets

transferred to the foreign economy, which further depresses employment.

2.3 Testing the measurement device

We use the model to simulate artificial data, over which is replicated the structural VAR em-

ployed in Gaĺı [1999] and Francis and Ramey [2005a], among others. This procedure relies on a

long–run restriction verified in our data generating process, namely that only one shock has a

permanent effect on labour productivity. In the model economy, this permanent shock affects

the component to TFP that is common to both countries.

Based on random realizations of a, ε1 and ε2, we compute S equilibrium paths for the growth

rates of home employment and labour productivity, ∆x1,k
t and ∆n1,k

t , k = 1, . . . , S. For each

draw, we estimate the following VAR model:[
∆x1,k

t

∆n1,k
t

]
= B1 ×

[
∆x1,k

t−1

∆n1,k
t−1

]
+ . . . + Bp ×

[
∆x1,k

t−p

∆n1,k
t−p

]
+ uk

t (7)

with a number of lags p chosen according to Akaike’s information criterion.

From the estimated VAR specification (7), we compute the moving–average representation

analog to (2), [
∆x1,k

t

∆n1,k
t

]
=

[
Ck

11(L) Ck
12(L)

Ck
21(L) Ck

22(L)

]
εk
t (8)

19Backus, Kehoe and Kydland [1992] show that, absent any friction, national capital stocks would unrealistically
swing in response to shocks.
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imposing the long–run restriction Ck
12(1) = 0.

The SVAR methodology reliably measures the effects of a permanent technology shock on

employment if the distribution of estimated responses inferred from Ck(L) is close from the

‘true’ model response, obtained through the matrix polynomial N(L). In Figure 3, we evaluate

the distance between model and SVAR response on impact and over time.

The left panel plots the mean SVAR impulse response function of employment (plain line)

and two standard-error confidence interval (grey area), together with the model impulse re-

sponse function (dashed line). If S draws of the model equilibrium paths for labor input and

productivity were available to an applied researcher, she would mistakingly reject the null hy-

pothesis that these data have been generated by the model. This quantitatively shows that the

SVAR procedure does not recover accurately the model VMA representation (6). Qualitatively,

this applied researcher would conclude that labor input decreases during nearly ten periods after

the permanent productivity shock, while it does increase over this horizon in the underlying

model.

Figure 3: Estimated response of employment to the permanent productivity shock
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Note: VAR estimated on data generated by the international model with parameter values described in
Table 4 (S = 500 simulations of 100 observations long samples), yielding the VMA representation (8).

The right panel focuses on the impact employment response. It displays the estimated

distribution of the SVAR relative deviation from the true response,
{

Ĉk
21(0)/N1(0)− 1

}
k=1,...,S

.

The plain line is the probability density function, smoothed with a gaussian kernel, with the

mean and 2.5% tails (grey areas) reported. According to that pseudo–empirical distribution

function, 99.76% of observations underestimate N1(0) while only 0.24% overestimate it. In

absolute terms, the mean impact error is as high as 200%.
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As in Chari et al. [2004] and Erceg et al. [2004], we find that the structural VAR methodology

with a long–run identification restriction delivers biased estimates of the effects on employment

of a permanent productivity shock.20 Specifically, this methodology detects detrimental effects

on employment of technology improvements in artificial worlds where they are present (see Gaĺı

[1999] or Gaĺı and Rabanal [2004]) as well as in worlds where they are not (like the one we

study). As such, this empirical approach does not provides any reliable information on the

underlying structure of the economy. Furthermore, the simple model used here as an artificial

economy belongs to the very class of models that the methodology is used to take a stand on.

Being calibrated on key moments of US data, the model should not be dismissed at face value,

despite its evident simplicity and over-stylized nature.

2.4 Contamination

The identification problems evidenced in the previous section arise from the long–run behaviour

of labour productivity. Home labour productivity is affected by the two country–specific sta-

tionary shocks as well as by the common permanent shock. Although the common TFP shock

is the only one with permanent effects on the average productivity of domestic labour input,

the effects of the two stationary shocks are indeed very long-lasting (see Figure 2). The identi-

fying restriction imposed in the structural VAR that only one shock may have long–run effects

on labour productivity fails to disentangle the effects of the three shocks. In fact, the SVAR

estimated response combines the response of employment to the three structural shocks present

in the model economy, with weights increasing in their variance.

Next, we illustrate these identification problems by varying the size of the three shocks

hitting the economy. To maximize difference, we completely shut down one of the country–

specific stationary shocks to productivity: first the domestic one (Figure 4), next the foreign

one (Figure 5), the volatility of the common shock being kept unchanged.

In a world without foreign shocks, the left panel of Figure 4 shows that the SVAR nicely

estimates the theoretical response of employment at all horizons.21 The estimated value is

both considerably less biased (essentially unbiased) and more precise than when foreign shocks

20Faust and Leeper [1997] argue that structural VARs with long–run restriction do not enable precise inference.
As large as confidence interval may seem in Figure 3, inference is precise enough here to mistakingly reject that
employment increases on impact.

21Notice that employment enters the VAR as first–difference, while stationary in the theoretical model. Labour
input is subject to the over–differenciation emphasized in Christiano et al. [2003] and Christiano, Eichenbaum and
Vigfusson [2004]. Nevertheless, the structural VAR with long–run restriction of this experiment estimates consistently
the model response of employment. This suggest that the relative volatility of the different shocks hitting the economy
may matter more than the low–frequency properties of labour input.
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Figure 4: Estimated response of employment without foreign shocks
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Note: VAR estimated on data generated by the international model with parameter values described in
Table 4 (S = 500 simulations of 100 observations long samples), yielding the VMA representation (8).

were hitting the economy, as exemplified by the distribution of relative deviation on impact

plotted in the right panel. In fact, measurement is doubly enhanced here. First, the permanent

shock (which hits the common component of TFP) is now by far the most volatile one, while the

volatility of the foreign shock largely prevails in the overall economy. Second, the two remaining

shocks (the permanent shock to TFP common to both countries and the temporary shock to

domestic TFP) have the same qualitative impact on domestic employment: a positive one. The

average SVAR estimated response, which lies between the impact response to the permanent

productivity shock and to the stationary productivity shock, is therefore less distorted.

The stationary shock to foreign TFP does induce a persistant increase of home labour pro-

ductivity but a decrease of home employment.22 This shock is more volatile than the permanent

one, when the domestic stationary shock is shut down (Figure 5) as well as in the initial economy.

Hence, the estimated SVAR response of employment (see the left panel) does not differ much

whether domestic shocks are present or not. The true impact response remains heavily under-

estimated, as is apparent in the right panel. Once again, the estimated impact is comprised

between the true impact of the common shock and the impact of the foreign shock.

Figure 6 graphs the results of a final experiment with less persistent stationary shocks.

Precisely, the autoregressive coefficient of the country–specific components of TFP, ρ, is set to

22As soon as returns to labour input are decreasing, any shock that decreases employment induces an increase in
labour productivity, and therefore yields the same identification problems. Erceg et al. [2004] emphasize a preference
shock and a shock to labour tax rates. All these shocks are labour wedges, in the terminology of Chari, Kehoe and
McGrattan [2003].
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Figure 5: Estimated response of employment without domestic shocks
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Note: VAR estimated on data generated by the international model with parameter values described in
Table 4 (S = 500 simulations of 100 observations long samples), yielding the VMA representation (8).

half of the initial value 0.96/2. For this parametrization, the shocks to domestic and foreign

TFP have shorter–lived effects on domestic labour productivity. Hence, identification problems

are milder, as witnessed in the left panel of Figure 6. The average estimated response of

employment is no longer significantly negative at any horizon. Since the confidence interval is

large, it contains the true value of N1(0) from the third period on. On impact, as displayed in

the right panel, 97.20% of observations underestimate the true effect, but only 44.13% of them

are now wrongly signed.

Figure 6: Estimated response of employment when stationary shocks are half as persistent
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Note: VAR estimated on data generated by the international model with parameter values described in
Table 4 (S = 500 simulations of 100 observations long samples), yielding the VMA representation (8).
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Generally speaking, the SVAR methodology suggested by Gaĺı [1999] only delivers a reliable

measure of the effects of permanent technology shocks on labour input when the economy is not

hit by other shocks having long-lasting effects on labour productivity. In our model economy,

this situation arises when i) the volatility of country–specific shocks is low relative to that of

the aggregate shock; ii) country–specific shocks exhibit low levels of serial correlation; iii) the

domestic economy constitutes a very large share of world population; or iv) asset portfolios

exhibit no international diversification. None of these special cases seem particularly relevant

to the current situation of the major seven countries.

In what follows, we will propose other setups to evaluate the short–run response of labour

input to permanent technology shocks, and evaluate their relevance over artificial data. To make

this test as demanding as possible, we retain the assumption of complete financial markets, for

which contamination is the highest.

2.5 Identification under aggregation

So far, we have shown that structural VARs with long–run restriction applied on single–country

data were providing biased estimates of the response of labour input to a permanent productivity

shock. In light of this, the empirical evidence on individual G7 countries presented in Table 1 is

highly questionable. In particular, the weighted sum of impact response of national employments

(which is negative in our application) is not a reliable estimator of the effects of a permanent

technology shock on G7 employment. We now investigate SVAR evaluation on aggregate data,

using our model economy.

In the model, multinational aggregation is very easy. Labour input is homogeneous, so

employment per capita in the overall economy (labeled hereafter ‘zone’) writes nzone
t = π1 n1

t +

(1− π1) n2
t . Furthermore, all firms produce an identical good, so that zone output per capita is

yzone
t = π1 y1

t +(1− π1) y2
t and computing the average labour productivity in the zone composed

of the two countries is straightforward.

Impulse response functions of zone labour input and productivity are plotted in Figure 7

(these graphs are the zone counterpart of Figure 2). Looking at the left panel, we remark

that the response to the permanent TFP shock is exactly identical to the response of the home

economy. This reflects the fact that this shock is common to both countries, and that its effects

are identical in the two economies.

The country–specific stationary shock to home TFP (middle panel) induces an increase in

zone labour input and labour productivity. The qualitative effects are the same here than over
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Figure 7: Theoretical impulse response functions of zone employment and labour productivity
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home economy alone. However, the quantitative impact on zone employment is much lower

than on home employment, because this shock does decrease foreign employment.23

Regarding the stationary shock to foreign TFP (right panel), the same kind of averaging ap-

plies. After this shock, labour productivity rises in both countries, as emphasized in section 2.2,

hence labour productivity rises at the aggregate level. On the contrary, the effects of the foreign

shock on home and foreign employment are of opposite signs. Here, aggregate employment

increases because the favorable effect on foreign employment exceeds the detrimental impact on

home employment.

The following structural VMA evaluates the effects on zone employment of a permanent

shock to zone labour productivity (for simplification, the draw indicator k is removed now on):[
∆xzone

t

∆nzone
t

]
=

[
C11(L) C12(L)
C21(L) C22(L)

]
εzone
t , with C12(1) = 0. (9)

To test whether the SVAR specification (9) delivers a correct measure of the effects of the

permanent technology shock, Figure 8 compares the estimated and true response of employ-

ment. The left panel shows that the sign of the estimated response of employment is reversed

as compared to the estimates based only on the domestic economy. Qualitatively, the SVAR

methodology delivers a correct evaluation when performed over aggregate data but an incorrect

one when performed on single–country labour input and productivity. Quantitatively, the right

panel of Figure 8 shows that the estimated impact response of employment is slightly underes-

timated (61.87% of observations underestimate the true value). Altogether, SVAR evaluation

conducted on area data performs a lot better than its counterpart on national data.

23This is due to the favorable wealth effect on foreign households of the rise in domestic marginal productivity of
capital.
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Figure 8: Estimated response of zone employment to the permanent zone productivity shock
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Note: VAR estimated on data generated by the international model with parameter values described in
tables 4 (S = 500 simulations of 100 observations long samples), yielding the VMA representation (9).

2.6 Application to aggregate data

Through a multinational model economy, we have illustrated how the international propagation

of productivity shocks could contaminate the measure of the technology effects on employment

that SVAR models deliver. For a model economy calibrated to replicate key moments of the US

economy, these biases are large enough to induce wrong inference. Even looking at data gener-

ated in an artificial world where exogenous changes in productivity stimulate labour input, one

would conclude with great statistical confidence that labour input decreases after a permanent

improvement in technology.

In a second step, we have shown that aggregation helped mitigate the identification problems.

Intuitively, country–specific stationary shocks that contaminate the permanent technology shock

tend to cancel out at the aggregate level.

The good news is that, at the aggregate/world level,24 this simple and attractive empirical

procedure effectively discriminates between positive and detrimental effects on employment of

technology shocks.

The bad news is that the bias is typically large for the US, the single largest existing economy.

In other words, no single actual economy is large enough to be immune to the identification

problems uncovered here. The zone experiment suggests, though, that aggregation of a set

of countries may provide a reliable measure of the effects on world employment of a common

permanent technology shock. OECD Main Economic Indicator dataset publishes data for three

24For the same reason, the measurement bias is also low in autarkic economies.
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groups of countries: Europe (European Union 15 countries or Euro area);25 G7, the group of

major seven countries; and all OECD countries. The largest of these three groups is the last

one. However, its composition has changed substantially as countries joined OECD (such as

Korea, Hungary and Poland in 1996, both Czech and Slovak Republics...). To get the largest

possible sample, we approximate the world economy by the G7. Even at the end of the sample,

the G7 still accounts for 80% of real OECD GDP (and approximately for two thirds of world

real GDP in 1995).

Figure 9: Impulse response function of G7 employment to a permanent shock to G7 average produc-
tivity of labour
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Figure 9 plots the impulse response of G7 employment and labour productivity to a per-

manent shock to G7 labour productivity. The left panel shows that G7 employment increases

on impact after a permanent technology shock.26 Over time, the response of employment gets

larger. The right panel displays the gradual increase of labour productivity, which is similar to

the theoretical response (left panel in Figure 2). In the model economy, accumulation of capital

was responsible for the gradual response of labour productivity.

Through the set of model-based experiments undertaken so far, SVAR evaluation carried

over area data has proven much more reliable than SVAR evaluation carried over single–country

data. These results are perfectly consistent with the aggregation puzzle apparent in Table 1.

The estimated effects of technology shocks on G7 employment differ from the weighted sum of

national impacts because estimates on single–country data are biased, while area–wide estimates

are not. In the data, the response of employment is lower at the country level than over the

25Gaĺı [2004] uses data on the Euro area constructed at the European Central Bank. The results for this dataset are
very similar to those found on US data, namely an average decrease in employment but with large confidence intervals
which include zero.

26This is essentially the information carried in the last line of Table 1.
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entire zone, as predicted by the theoretical experiments.

3 The effects of international technology shocks

The previous section has shown that SVAR evaluation of the employment effects of technology

shocks carried over individual countries are biased, while evaluation carried over internationally

aggregated data are not. Here we investigate other identification methodologies in an interna-

tional context.

3.1 National data, aggregate data and long run restrictions

In the model, the only permanent shock to home TFP affects TFP in both countries. Does

the use of zone labour productivity instead of home labour productivity improve the reliability

of SVAR evaluation when the long–run restriction is retained? To answer this question, we

generate data through the process (6), compute the aggregate labour productivity, and finally

estimate a VAR whose VMA representation is:[
∆xzone

t

∆n1
t

]
=

[
C11(L) C12(L)
C21(L) C22(L)

]
εt, with C12(1) = 0. (10)

Unfortunately, Figure 10 shows that this SVAR suffers from the same identification problem

than Gaĺı [1999]’s original specification. This in fact not surprising, since the three shocks have

a long-lasting impact on zone labor productivity. Quantitatively, the bias is even larger because

the foreign shocks has a greater positive impact on zone labor productivity (Figure 7) than

on domestic labor productivity (Figure 2) – this is natural since it increases foreign average

productivity of labour.

A somehow symmetrical experiment estimates the joint dynamic behaviour of home labour

productivity and zone employment, yielding VMA representation (11):[
∆x1

t

∆nzone
t

]
=

[
C11(L) C12(L)
C21(L) C22(L)

]
εt, with C12(1) = 0. (11)

This specification evaluates the response of zone employment to a permanent shock to home

labour productivity, displayed in Figure 11. The effects of the permanent productivity are

precisely estimated in this setup, on impact as well as over a twenty period horizon. In fact, the

existence of a balanced growth path restricts the permanent shock to TFP to be common to all

countries. This means that, in the model, the permanent shock to home labour productivity and

the permanent shock to zone labour productivity are identical. Hence, this specification delivers

estimated effects which are very close to those of the zone SVAR specification (9), displayed in

Figure 8.
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Figure 10: Estimated response of employment to the permanent zone productivity shock
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Note: VAR estimated on data generated by the international model with parameter values described in
Table 4 (S = 500 simulations of 100 observations long samples), yielding the VMA representation (10).

Figure 11: Estimated response of zone employment to the permanent single–country productivity
shock
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Note: VAR estimated on data generated by the international model with parameter values described in
Table 4 (S = 500 simulations of 100 observations long samples), yielding the VMA representation (11).
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Figure 16 (in appendix) reports the estimated response of G7 employment to permanent

shocks to labour productivity of each of the G7 countries, according to specification (11).27

Except for the United Kingdom, the estimated responses are close to each other, as predicted

in the model economy. The overall pattern is an impact response close to zero, followed by a

rise over time.

Specifications (9) and (11) deliver on artificial data unbiased estimates of the zone em-

ployment response to permanent productivity shocks, and therefore consistent evaluations of

the impact of technology shocks on G7 employment. Our primary variable of interest is not

aggregate employment though, but national employments.

3.2 Identifying common shocks through short run restriction

Gaĺı [1999]’s setup relies on an identifying long–run restriction, namely that only technology

shocks have permanent effects on labour productivity. As compared to Gaĺı [1999]’s closed

economy, our open economy model adds another restriction: permanent technology shocks hit

all countries simultaneously and symmetrically (if several permanent technology shocks did

coexist, no stationary world distribution of assets would exist). This additional restriction

is empirically supported on G7 data (see Table 2). Hence, in a multinational framework, a

permanent shock to productivity is a common one. This provides another restriction to identify

technology shocks in actual data.

The existence of a common stochastic trend on (unobservable) TFPs drives predictions re-

garding national labor productivities, which are observable. The model implies that in all coun-

tries, and at the zone level, the average productivity of labour reacts symmetrically (see figures

2 and 7). Hence, the common permanent shock leaves productivity differentials unchanged on

impact.28 This property has already been tested on actual data, and is not rejected in the

G7. Accordingly, the evidence suggest that the only permanent shock hits the G7 countries

symmetrically.

The additional restriction is a short–run one: on impact, the common permanent shock does

not affect labour productivity differential. We use this short–run restriction in the following

setup: [
∆n1

t

x1
t − xzone

t

]
=

[
D11(L) D12(L)
D21(L) D22(L)

]
εt, with D21(0) = 0. (12)

27The last panel features specification (9), for comparison purpose.
28Over time, this differential might become positive or negative. This is for instance the case if capital adjustment

costs differ across countries.
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The size of the test Figure 12 tests the SVAR representation with short–run restriction (12)

over artificial data. The estimated impact response is essentially unbiased. This measurement

scheme is immune to labour input overdifferenciation in the short–run, but not in the medium–

run. Labour input is stationary (though highly persistent) in the theoretical model, implying

that its equilibrium path returns to steady–state. In VAR specification (12), on the contrary,

labour input enters in first difference and does not exhibit mean–reversion. Qualitatively, the

sign of the estimated response remains correct over the whole horizon.

Figure 12: Estimated response of domestic employment to the common shock
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Note: VAR estimated on data generated by the international model with parameter values described in
Table 4 (S = 500 simulations of 100 observations long samples), yielding the VMA representation (12).

In the model used to simulate artificial data, the only common shocks are the permanent

ones. Under this assumption, the short–run restriction D21(0) = 0 used in specification (12)

identifies precisely the permanent shocks to productivity, as Figure 12 makes clear. This short–

run identification scheme is also tested on a variant of the model with common non–permanent

shocks. Precisely, a variant embeds the following variance–covariance matrix of shocks:

Σ =

 σ2
a 0 0
0 σ2

ε1
τσε1σε2

0 τσε1σε2 σ2
ε2

 (13)

with τ in [0, 1[. When τ = 0, the only common shocks hitting the model economy are permanent

(this is the case displayed in Figure 12). Otherwise, the correlation between the stationary

shocks to home and foreign productivity equals τ .

For increasing values of τ , the average impact response of employment to the shock that does

not affect relative labour productivity in the short–run is plotted in Figure 13. This number
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(thick solid line) is nearly not affected by the degree of correlation between the stationary

shocks. The true impact response of labour input to common permanent technology shock

being insensitive to this correlation, we can conclude that the short–run restriction delivers

consistent estimates whatever the correlation structure. Remark that long–run restriction with

zone data (thick dotted line) delivers similar results, but only at the aggregate level. Finally,

the impact response obtained through long–run restriction with single–country data (thin solid

line) is heavily downward biased for any value of the correlation between stationary shocks.

Figure 13: Estimated average impact response of domestic employment to the common shock
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Note: VAR estimated on data generated by the international model with parameter values described in
Table 4 and with the stochastic structure (13) (S = 500 simulations of 100 observations long samples). The
‘short–run restriction’ experiment refers to VAR specification (12); experiment ‘long–run restriction with
home data’ refers to VAR specification (8); and experiment ‘long–run restriction with zone data’ refers to
VAR specification (9).

The power of the test The last two experiments show that the SVAR with short–run

restriction underlying specification (12) accurately measures an impact increase of employment

in an experimental world where technology shocks improve labour input. But this measurement

setup is only informative if it also detects decreases in labour input.

To perform this test, we conduct the following counterfactual experiment. The multinational

model is now augmented with habit persistence on consumption. Specifically, the alternative

momentary utility of writes log
(
Ct − b C̄t−1

)
+ ϑ log Lt, where Ct denotes individual consump-

tion and C̄t aggregate consumption. Following Fuhrer [2000], b is set to .8.

This utility function exacerbates consumption smoothing. Francis and Ramey [2005a] and

Wen [2001] combine habit persistence with capital adjustment costs. In their setup, both con-

sumption and investment are sluggish. Hence, output does not increase much after a permanent
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improvement in technology and technology shocks have detrimental effects on labour input.

Figure 14: Estimated response of domestic employment to the common shock under habit persistence
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Note: VAR estimated on data generated by the international model augmented with habit persistence and
with parameter values described in Table 4 (S = 500 simulations of 100 observations long samples), yielding
the VMA representation (12).

The theoretical impulse response function of labour input to the permanent productivity

shock is displayed as the dashed line of Figure 14. The large negative impact of technology

shocks on labour input is well captured by the SVAR with short–run restriction. Hence, a test

based on this SVAR evaluation has discriminating power against this specific alternative model.

With this version of the model as with the first one, the estimated response is biased in

the medium–run, because of overdifferenciation of labour input. This bias is however not large

enough to reverse the sign of the estimated response.

3.3 Application to G7 data

The model–based experiments described above ensures that specification (12) consistently mea-

sures the short–run effects (up to one year or two) of common permanent productivity shocks

on employment, regardless of the actual response. It therefore constitutes an informative device

to evaluate how employment has historically been affected in the major seven countries by the

common permanent shock to productivity.

Figure 15 reports the estimated impulse response function of employment to common shocks

to labour productivity in each of the G7 countries, according to specification (12). In the seven

countries, the impact response is positive: employment does not decrease on in the short–run

in any country.
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Figure 15: Response of single–country employment to common shocks
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Note: VAR estimated on actual data, with the number of lags in Table 13. Sample period: 1978:1–2003:4.
Source: OECD Main Economic Indicators.
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Over the first year, the rise in employment tends to increase. Over a longer horizon, employ-

ment exhibits sizeable mean–reversion in the United Kingdom but not in the six other countries.

However, Figures 12 and 14 shows that mean–reversion of labour input is poorly accounted for

by specification (12).

Testing the restrictions The SVAR underlying specification (12) measures the effects of

common shocks to productivity. These measures can be compared to those of the effects of a

permanent shock to productivity, delivered by the SVAR with long–run restriction (8), if the

following two conditions are verified:

First, only the permanent shocks are common to the G7 countries. The estimation of

SVAR specification (4) on actual data has already shown that the non–permanent shocks have

significative impacts on productivity differentials in most countries (see Table 3), two potential

exceptions being Canada and France. In this experiment, the long–run restriction is imposed

for identification purpose and the short–run restriction is tested.

Second, country–specific shocks are not permanent. We now investigate whether this con-

dition holds over actual G7 data: Is the common technology shock the unique permanent

disturbance hitting the G7?

To test whether country–specific permanent productivity shocks exist, on top of the common

ones, we use one more time a structural VAR with the growth rate of productivity and the

productivity differential with respect to the G7. In line with the evidence in Table 2 and Figure

12, we identify the common shock as the one that has no instantaneous impact on productivity

differential. [
∆xt

xt − xG7
t

]
=

[
D̃11(L) D̃12(L)
D̃21(L) D̃22(L)

]
εt, with D̃21(0) = 0.

Given this identification scheme, the long–run effect on the country–specific (non–common)

shock on labor productivity equals D̃12(1). Hence, the short–run restriction is imposed for

identification purpose and the long–run restriction is tested: do country–specific shocks have

permanent effects on labour productivities?

The responses after a hundred quarters for the seven countries are reported in Table 6.

Point estimates are positive in some countries (four) and negative in others (three), but are not

significantly different from 0 at conventional levels. This shows that country–specific shocks

have no permanent effects on labour productivity in the major seven countries, or equivalently

that the common technology shock is the unique permanent shock on labour productivity.

In the two above–mentioned experiments, we have rejected the existence of country–specific

permanent shocks and common temporary shocks on labour productivity of G7 countries. Ac-
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Table 6: 100–quarters response of relative labour productivity to a permanent productivity shock

country point estimate % of distribution ≥ 0
United States 0.100 69.73
Canada 0.049 49.46
United Kingdom 0.201 94.64
Germany -0.099 34.31
France 0.717 67.32
Italy -0.270 14.17
Japan -0.176 17.47

Note: VAR estimated on actual data, with the number of lags in Table 13. The estimated density function
over S = 500 simulations is smoothed with a Gaussian kernel. Sample period: 1978:1–2003:4. Source:
OECD Main Economic Indicators.

cording to these results, G7 countries receive one permanent common shock and several country–

specific temporary shock, which is precisely the stochastic structure embed in the DSGE model

we use to simulate artificial data.

Moreover, this confirms that the VAR with long–run restriction (2) used, among others,

by Gaĺı [1999] and Francis and Ramey [2005a], is meant to identify the same shock as the

VAR with short–run restriction underlying specification (12). Still, these two procedures yield

highly different results over actual data as well as over artificial data, generated for experiment

purpose. Having observed the sharp contrast in performance of the two measurement schemes

over experimental data (see Figures 3 and 12 respectively), it is in fact not surprising that the

evaluations they provide over actual data differ that much.

Overall, these results contradict the detrimental effects on employment of permanent tech-

nology shocks put forward by Gaĺı [1999], Gaĺı and Rabanal [2004], Francis and Ramey [2005a]

and Francis and Ramey [2005b]. Although the mapping between price rigidity and the short–

run response of employment to technology shocks is not clear–cut, this paper casts reasonable

doubt on the empirical evidence used to dismiss the Real Business Cycle literature.

4 Conclusion

This paper belongs to the growing literature evaluating the empirical effects of technology

shocks on employment using VAR specifications. The aim of this literature is to establish a

robust stylized fact which would discriminate between competing business cycle models.

From a methodological point of view, evaluations carried over using VARs are informative

and useful if they provide reliable measures of the ‘true’ evolution of employment. We argue
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that existing VARs do not meet this requirement. Our claim is based on both empirical and

theoretical evidence. Empirically, the sign of the measured response of employment in the

major seven countries is not invariant to aggregation. Theoretically, the measured response of

employment significantly differs from the true one when data are generated with a model which

replicates a number of US business cycle statistics. This measurement error stems from the use

of labour productivity as a proxy for technology jointly with a long–run identifying restriction.

Using this multinational model as a guide, we propose a novel identification scheme. This

alternative methodology combines data from various countries and makes use of a short–run

identifying restriction, namely that technology shocks hit simultaneously and symmetrically

the different economies. Over artificial data, this measurement device performs well in terms of

size and of discriminating power: it reliably detects the short–run movements in employment,

should the true movements be positive or negative.

An application over actual data suggests that employment does increase in the short–run

after a common permanent technology shock, in the US as well as in the other G7 countries.

This evidence, which contradicts existing empirical findings, does not favor the rejection of the

whole class of flexible–price model in favour of sticky–price models.

The analysis undertaken in this paper emphasizes the international transmission of shocks.

We believe that the empirical quest for the forces driving the business cycle should take into

account such external shocks on top of domestic factors.
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Gaĺı, J., Technology, employment and the business cycle: do technology shocks explain aggre-

gate fluctuations?, American Economic Review, 1999, 89 (1), 249–271.

, On the role of technology shocks as a source of business cycles: some new evidence,

Journal of the European Economic Association, 2004, 2 (2-3), 372–380.

, Trends in hours, balanced growth, and the role of technology in the business cycle, Working

Paper 11130, NBER 2005.

and P. Rabanal, Technology shocks and aggregate fluctuations: how well does the RBC

model fit postwar US data?, NBER Macroeconomics Annual, 2004, forthcoming.

King, R.G., C.I. Plosser, J.H. Stock, and M.W. Watson, Stochastic trends and economic

fluctuations, American Economic Review, 1991, 81 (4), 819–840.

Kose, A., C. Otrok, and C. H. Whiteman, International business cycles: world, region, and

country–specific factors, American Economic Review, 2003, 93 (4), 1216–1239.

Levin, A., C. F. Lin, and C. S. J Chu, Unit root test in panel data: asymptotic and finite

sample properties, Journal of Econometrics, 2002, 108.

Moon, H. R. and B. Perron, Testing for a unit root in panels with dynamic Factors, Journal

of Econometrics, 2004, 122.

Stock, J. H. and M. W. Watson, Understanding changes in international business cycle dy-

namics, Working Paper 9859, NBER 2003.

Uhlig, H., Do technology shocks lead to a fall in total hours worked?, Journal of the European

Economic Association, 2004, 2 (2-3), 361–371.

39



Wen, Y., Technology, employment and the business cycle: do technology shocks explain aggregate

fluctuations? Comment, Working Paper 01–19, Center for Analytic Economics, Cornell

University 2001.

Appendix

A Univariate unit root tests

Tables 7 to 9 report the results of augmented Dickey–Fuller unit root and KPSS stationarity

tests over the average productivity of labour (APL), employment and their growth rates in each

of the major seven countries.

Table 7: ADF unit root tests on average labour productivity (APL) and employment

log-level critical values difference critical values
country APL empl. 1% 5% APL empl. 1% 5%
United States -3.366 -0.341 -4.005 -3.461 -10.824 -3.713 -3.439 -2.915
Canada -2.534 -1.153 -4.005 -3.461 -9.478 -2.706 -3.439 -2.915
United-Kingdom -2.524 -3.437 -4.005 -3.461 -9.522 -6.059 -3.439 -2.915
Germany -4.491 -2.344 -4.005 -3.461 -12.035 -6.789 -3.439 -2.915
France 0.055 -2.393 -4.005 -3.461 -10.830 -4.119 -3.439 -2.915
Italy -0.478 -0.839 -4.005 -3.461 -10.283 -7.438 -3.439 -2.915
Japan -1.470 -1.699 -4.005 -3.461 -10.557 -8.423 -3.439 -2.915
G7 -2.821 -2.346 -4.005 -3.461 -10.328 -4.864 -3.439 -2.915

Note: ADF t-statistics for the null hypothesis of a unit root in the log or growth rate of each time
series, based on an ADF test with 8 lags, an intercept (and a time trend for log-level data). Sample
period 1978:1–2003:4. Source OECD Main Economic Indicators.

ADF tests adopt the null hypothesis that data are difference-stationary. This null is not

rejected at the 5% level for the employment of any country. Furthermore, the non–stationarity

of employment growth rates is rejected at the 1% level in each country but Canada (for which

it is rejected at the 10% level, the critical value being -2.588).

The weak power of ADF tests in small samples is a well-known issue. We also run KPSS

tests, the null hypothesis of which is stationarity. When a time trend is included (Table 8),

the stationarity of employment is rejected at the 5% level for three countries (France, Italy

and Japan), and at the 10% level for three others (the United States, United Kingdom and

Germany).

When only an intercept is included (Table 9), the stationarity of employment in the remain-

ing country (Canada) is rejected at the 1% level, while it is rejected at the 5% level for G7

40



Table 8: KPSS unit root tests on average labour productivity (APL) and employment

log-level critical values difference critical values
country APL empl. 1% 5% 10% APL empl. 1% 5% 10%
United States 0.222 0.123 0.216 0.146 0.119 0.370 0.139 0.739 0.463 0.347
Canada 0.221 0.097 0.216 0.146 0.119 0.244 0.065 0.739 0.463 0.347
United-Kingdom 0.086 0.120 0.216 0.146 0.119 0.048 0.135 0.739 0.463 0.347
Germany 0.161 0.120 0.216 0.146 0.119 0.107 0.066 0.739 0.463 0.347
France 0.371 0.335 0.216 0.146 0.119 0.662 0.662 0.739 0.463 0.347
Italy 0.205 0.185 0.216 0.146 0.119 0.352 0.256 0.739 0.463 0.347
Japan 0.319 0.181 0.216 0.146 0.119 0.289 0.209 0.739 0.463 0.347
G7 0.090 0.074 0.216 0.146 0.119 0.082 0.062 0.739 0.463 0.347

Note: KPSS statistics for the null hypothesis of no unit root in the log or growth rate of each time
series, based on a test with bandwidth 6 including an intercept (and a time trend for log-level data).
Sample period 1978:1–2003:4. Source OECD Main Economic Indicators.

Table 9: KPSS unit root tests on average labour productivity (APL) and employment without time
trend

log-level critical values
country APL empl. 1% 5% 10%
United States 1.554 1.239 0.739 0.463 0.347
Canada 1.511 0.959 0.739 0.463 0.347
United-Kingdom 1.553 0.907 0.739 0.463 0.347
Germany 1.564 0.439 0.739 0.463 0.347
France 1.552 0.338 0.739 0.463 0.347
Italy 1.553 0.586 0.739 0.463 0.347
Japan 1.539 1.340 0.739 0.463 0.347
G7 1.572 0.467 0.739 0.463 0.347

Note: KPSS statistics for the null hypothesis of no unit root in the log or growth rate of each time
series, based on a test with bandwidth 6 including an intercept. Sample period 1978:1–2003:4. Source
OECD Main Economic Indicators.
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aggregate data (this specification rejects the null hypothesis at the 10% level for all countries

but France, where employment exhibits a strong downward trend).

The stationarity of the growth rates of employment is not rejected at the 5% level for all

countries except France, for which it is not rejected at a 1% level.

The VMA representations (3) and (4) link the growth rate of productivity in each country

with the productivity differentials vis-à-vis the United States or the G7, assuming that all those

variables are stationary. Tables 10 and 11 present the stationarity tests of the productivity

differential vis-à-vis the United States and the G7 respectively.

Table 10: Unit root tests on the labour productivity differential vis-à-vis the USA

ADF critical values KPSS critical values
country t-stat. 1% 5% stat 1% 5%
Canada -1.000 -3.439 -2.915 1.518 0.739 0.463
United-Kingdom -3.343 -3.439 -2.915 0.730 0.739 0.463
Germany -1.840 -3.439 -2.915 0.829 0.739 0.463
France -0.884 -3.439 -2.915 0.360 0.739 0.463
Italy -1.296 -3.439 -2.915 0.706 0.739 0.463
Japan -2.193 -3.439 -2.915 0.776 0.739 0.463

Note: ADF t-statistics for the null hypothesis of a unit root in the log or growth rate of each time
series, based on an ADF test with 8 lags, intercept. KPSS statistics for the null hypothesis of no
unit test with bandwidth 6, intercept. Sample period 1978:1–2003:4. Source OECD Main Economic
Indicators.

Table 11: Unit root tests on the labour productivity differential vis-à-vis the G7

ADF critical values KPSS critical values
country t-stat. 1% 5% stat 1% 5%
United States -2.397 -3.439 -2.915 0.966 0.739 0.463
Canada -1.365 -3.439 -2.915 1.455 0.739 0.463
United-Kingdom -3.191 -3.439 -2.915 0.143 0.739 0.463
Germany -2.829 -3.439 -2.915 0.346 0.739 0.463
France -0.057 -3.439 -2.915 0.718 0.739 0.463
Italy -1.442 -3.439 -2.915 0.434 0.739 0.463
Japan -2.230 -3.439 -2.915 0.657 0.739 0.463

Note: ADF t-statistics for the null hypothesis of a unit root in the log or growth rate of each time
series, based on an ADF test with 8 lags, intercept. KPSS statistics for the null hypothesis of no
unit test with bandwidth 6, intercept. Sample period 1978:1–2003:4. Source OECD Main Economic
Indicators.

At the 5% level, the null hypothesis of non–stationarity of productivity differentials with
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respect to the US is only rejected by ADF tests for the United–Kingdom; but it is not rejected

at the 1% level. On the contrary, KPSS tests reject stationarity at the 1% level in Canada and

Germany, and at the 5% level for United Kingdom, Italy and Japan. The conclusions of both

tests are therefore opposite for all countries but France.

Vis-à-vis the G7, the ADF tests reject unit root for United–Kingdom only, at the 5% level

but not at the 1% level. The KPSS tests reject stationarity for the United States and Canada

at the 1% level, as well as Japan and France at the 5% level. Hence, the results of these two

sets of tests only coincide for the United–Kingdom, Germany, and Italy.

The weak small–sample power of unit root tests is well-known. Given the mixed results just

reported, we also implement two of the panel unit root tests that have recently been proposed

to overcome this lack of power.

B Panel unit root tests

Levin et al. [2002] propose a direct extension of time–series unit root tests to panel data. Their

test is based on an estimation of:

∆xi,t = ρ xi,t−1 +
pi∑

s=1

γi,s ∆xi,t−s + ui,t, i = 1, . . . , N, t = 1, . . . , T (14)

where the error terms ui,t are independently distributed across individuals. This specification

does not incorporate individual effects or time trends. Under the null hypothesis of a unit root

(H0: ρ = 0), the t-statistics is asymptotically normally distributed. In finite sample size, Levin

et al. [2002] add a correction term. Levin et al. [2002] perform simulations for panels of 10

individuals and 25 dates, and the power of a 5%–level test is as large as 99% (as compared to

27% for a univariate Dickey–Fuller test).

Moon and Perron [2004] release the assumption of independence between individuals. They

first use a factor model, and test in a second step for the presence of a unit root over deviations

from the factors. Their tests statistics are also based on the pooled estimate of the autoregressive

term.

Table 12 presents the results of these two panel unit root tests over actual productivity

differentials data. When productivity of the non–US countries are compared to the US one,

Levin et al. [2002]’s test rejects the presence of a unit root at a 5%; non–stationarity is rejected

at the 1% level when productivity is the seven countries is compared to the G7 average.

Moon and Perron [2004] procedure does not identify any common factor (in both cases, as

many factors as country are selected): the common forces underlying the evolution of labour pro-

ductivity in the G7 countries are wiped out in productivity differentials. The non–stationarity
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Table 12: Panel unit root tests on the labour productivity differentials

relative to the US relative to the G7
critical values critical values

test t-stat. 1% 5% t-stat. 1% 5%
Levin et al. [2002] -1.992 -2.326 -1.645 -2.374 -2.326 -1.645
Moon and Perron [2004] -6.950 -2.326 -1.645 -6.004 -2.326 -1.645

Note: Statistics for the null hypothesis of a unit root. Sample period 1978:1–2003:4. Source OECD
Main Economic Indicators.

of the deviations is rejected at the 1% level in both cases. The results we report use their

preferred statistics tb. Non–stationarity is also rejected when ta is used.

These results give support to the specification of VARs (3) and (4), as well as to the stochastic

process of technology shocks employed in the theoretical model.

C Number of lags selected

For each empirical experiment and each country, table 13 reports the number of lags chosen

according to Akäıke’s information criterion and likelihood ratio tests.

Table 13: Number of lags selected in each empirical application

(∆x, ∆n) (∆x, ∆nzone) (x− xzone, ∆n) (∆x, x− xzone)
restriction long run long run long run long run short run
United States 12 2 3 2 2
Canada 7 4 5 4 4
United-Kingdom 9 1 1 7 7
Germany 1 1 6 6 1
France 3 1 1 1 1
Italy 1 1 1 1 1
Japan 4 1 2 1 1
G7 1 1 – – –

D IRF of G7 employment to single–country permanent shocks
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Figure 16: Response of G7 employment to single–country permanent technology shocks
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Note: VAR estimated on actual data, with the number of lags in table 13. Sample period: 1978:1–2003:4.
Source: OECD Main Economic Indicators.
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