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Abstract

Using a panel of eighteen OECD countries, we find empirically that the long-run
effects of higher productivity of tradables relative to non-tradables vary across time,
space and stages of the business cycle. More specifically, our evidence reveals that elas-
ticities of the relative wage and relative price of non-tradables with respect to relative
productivity of tradables increase over time. Our estimates also show that the fall in
the relative wage is more pronounced whilst the appreciation in the relative price is less
in countries where labor markets are more regulated and during periods of recession.
To rationalize the evidence, we differentiate between labor mobility and hiring costs
by developing a two-sector open economy model with search in the labor market and
an endogenous sectoral labor force participation decision. While time-declining labor
mobility costs can account for the time-increasing effects of a productivity differential,
international differences in labor market regulation and variations of hiring costs across
the business cycle, respectively, can rationalize the cross-country and state-dependent
effects we estimate empirically. Finally, labor market frictions have important implica-
tions for sectoral unemployment since labor mobility and hiring costs bias labor demand
toward the traded sector which results in a greater decline in unemployment in trad-
ables relative to unemployment in non-tradables following higher relative productivity.
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1 Introduction

According to the Balassa [1964] and Samuelson [1964] (BS henceforth) effect, higher pro-
ductivity in tradables relative to non-tradables puts upward pressure on the relative price
of non-tradables and appreciates the real exchange rate. Despite the fact that the link
between the relative price and relative productivity finds some strong support in the data,
estimates at an individual level documented by Canzoneri et al. [1999], Kakkar [2003] and
Chong et al. [2012] reveal that this relationship varies greatly across OECD countries. This
link also varies across time as estimates by Bergin et al. [2006] indicate that the BS effect
has gradually strengthened over time. In this paper, we disentangle labor mobility costs
across sectors from hiring costs and show that this distinction is crucial when it comes to
explaining the variations of the relative price effects of a productivity differential across
time, space and stages of the business cycle.

Our paper contributes to a growing literature which has recently put forward labor mar-
ket frictions to rationalize the estimated effect of higher relative productivity of tradables
on relative prices. To account for the link between sectoral productivity and relative prices
as implied by the BS model, Berka et al. [2018] consider shocks to the labor wedge which
fuel inflation of tradables. Beyond the fact that Berka et al. [2018] highlight the terms of
trade channel while we focus on movements in the relative price of non-tradables, the major
difference with our approach is that the previous authors treat shocks to the labor wedge
(resulting from unexplained labor market frictions) and shocks to sectoral TFPs separately.
We model instead labor mobility costs and allow for search frictions so that hiring costs are
endogenously determined by both labor market policies and the state of the economy in the
business cycle; such labor market frictions determine the magnitude of the appreciation in
the relative price of non-tradables following higher relative productivity.

In this regard, our work is complementary to Cardi and Restout’s [2015] analysis which
reveals that labor mobility costs tend to curb inflation of non-tradables. However, by
abstracting from search frictions in the labor market, the authors cannot disentangle work-
ers’ mobility costs from hiring costs and thus neither can account for the cross-country
dispersion in the relative price effects of higher relative productivity of tradables nor the
time-varying effects. Our key contribution is to show that time-declining labor mobility
costs can account for the time-increasing effects of a productivity differential we document
empirically, while international differences in labor market regulation (LMR henceforth) and
variations of hiring costs along the business cycle can rationalize estimated cross-country

and state-dependent effects, respectively.!

!By abstracting from search frictions, Cardi and Restout [2015] cannot model the effects of labor market
institutions or the state of the economy in the business cycle on hiring costs and thus cannot rationalize the
cross-country (see Online Appendix F) and/or state-dependent effects. Because time-varying effects can be
caused by labor mobility costs and LMR, and since the latter is absent from their analysis and thus cannot
be controlled for, Cardi and Restout’s [2015] setup is inappropriate to rationalize the variations over time
of the effects of higher relative productivity.



By using a panel of eighteen OECD countries, our estimates reveal that an increase
in the relative productivity of tradables lowers significantly non-traded relative to traded
wages which is consistent with the presence of labor mobility costs. When estimating
elasticities of the relative wage and relative price of non-tradables with respect to relative
productivity in rolling sub-samples, we find that the former has increased over time from
-0.32 to -0.15, while the appreciation in the relative price appears to be more pronounced.
Concomitantly, the magnitude of labor reallocation across sectors following higher relative
productivity has almost doubled over the same period which suggests that time-increasing
estimated elasticities are driven by time-declining labor mobility costs.

Hiring costs which emerge naturally in an environment with search frictions vary with
LMR and across stages of the business cycle. Using a set of indicators to capture the extent
of LMR, the decline in the relative wage is found empirically to be more pronounced and
the appreciation in the relative price to be less in countries where the unemployment benefit
scheme is more generous or the worker bargaining power (measured by the bargaining cov-
erage) is larger. While the relative wage also falls more in countries where legal protection
against dismissals is stricter, we find empirically that the relative price appreciates by a
larger amount. Furthermore, when we differentiate the effects of a productivity differential
according to the state of the economy in the business cycle, our estimates reveal that the
decline in the relative wage is more pronounced while the relative price appreciates less
during periods of recession.

While matching frictions cause search unemployment, labor mobility costs lead sectoral
unemployment to adjust at different rates across sectors. Our estimates show that an
increase in the relative productivity of tradables lowers the unemployment rate of tradables
more than that of non-tradables and this decline turns out to be less pronounced over time.
By affecting hiring costs, search frictions matter as well as we find that the fall in the
unemployment differential between tradables and non-tradables is amplified in countries
where LMR is higher or during recessions.

In order to account for our evidence, we put forward a variant of a two-sector open
economy model with tradables and non-tradables and search in the labor market along
with an endogenous labor force participation decision in the lines of Shi and Wen [1999].
Like Alvarez and Shimer [2011], workers cannot switch sectors without going through a spell
of search unemployment which gives rise to labor mobility costs. Since the elasticity of labor
supply at the extensive margin measures the extent of job search costs, it determines the
degree of labor mobility across sectors.? Labor mobility costs resulting from an endogenous

sectoral labor force participation decision are pivotal to our work since standard search

2We consider an endogenous sectoral labor force participation decision by assuming that representative
household members experience disutility from working and searching efforts in each sector. Relocating hours
worked from one sector to another is costly as the representative household must incur a searching cost for
a job in this sector. In contrast to Matsuyama [1992] who assumes the irreversibility of the career decision,
workers can move between sectors, at some cost though.



frictions are not sufficient on their own to account for the decline in the relative wage we
estimate empirically. Conversely, hiring costs resulting from search frictions determine the
magnitude of the relative wage decline which varies with labor market institutions and
across stages of the business cycle.

One key feature of our open economy model with search frictions is its dynamic nature.
When workers experience mobility costs, higher relative productivity of tradables leads
traded firms to post more job vacancies than non-traded firms in order to encourage workers
to shift toward the traded sector. Because search frictions make hiring costly and labor
mobility costs amplify recruitment expenditure, higher hirings give rise to a current account
deficit along the transitional path. As the country must fulfill the intertemporal solvency
condition, net exports must increase in the long-run. Higher demand for tradables mitigates
the appreciation in the relative price of non-tradables caused by the increase in traded
relative to non-traded output. The rise in net exports also biases labor demand toward
the traded sector which drives down non-traded relative to traded wages and generates a
greater decline in the unemployment rate of tradables than that of non-tradables, in line
with the evidence. The dynamic nature of our setup resulting from search frictions plays a
pivotal role since keeping net exports fixed prevents the model from matching the evidence
when traded and non-traded goods are complements in consumption. With an elasticity
of substitution between traded and non-traded goods smaller than one (as our estimates
suggest), higher relative productivity of tradables increases the share of non-tradables.
Because labor demand is biased toward the non-traded sector, both the relative wage of non-
tradables and the unemployment differential between tradables and non-tradables increase
instead of declining.

When we calibrate our model to a representative OECD economy and allow traded and
non-traded goods to be complements, our quantitative analysis reveals that the long-run
increase in net exports driven by the accelerated hiring process more than offsets the rise
in the share of non-tradables. Higher demand for tradables lowers both the relative wage
of non-tradables and the unemployment differential between tradables and non-tradables
while the appreciation in the relative price is mitigated in line with our estimates. If we shut
down search frictions, hiring costs vanish so that net exports remain fixed, thus preventing
the model to account for the evidence.

When we control for the variations of LMR over time, we find that time-declining
labor mobility costs alone can account for the time-increasing effects of higher relative
productivity we document empirically. Intuitively, lower labor mobility costs mitigate the
rise in hiring costs resulting from search frictions so that demand for goods and labor turns
out to be less biased toward tradables because net exports increase less.

While labor mobility costs create an asymmetry across sectors, search frictions play a

crucial role by mitigating or amplifying this asymmetry in sector adjustment. More specif-



ically, search frictions give rise to hiring costs which vary with LMR and across stages
of the business cycle. In an economy where unemployment benefits are more generous
or the worker bargaining power is higher or during recessions, demand for goods and la-
bor is further biased toward tradables which amplifies the decline in the relative wage of
non-tradables and mitigates the relative price appreciation, in line with our evidence. In-
tuitively, an economy with higher LMR or in recession has more unemployed workers and
fewer job vacancies. Because a low labor market tightness makes hiring more profitable, re-
cruiting expenditure increases more following higher relative productivity, thus amplifying
the current account deficit and thus the long-run increase in net exports. Our quantitative
results also show that the relative price of non-tradables appreciates more while the relative
wage declines by a larger amount in countries with stringent employment protection legis-
lation (EPL henceforth) in accordance with our empirical findings. Like Hopenhayn and
Rogerson [1993] and Veracierto [2008], the strictness of legal protection against dismissals
is modelled as a tax on reducing employment. While higher productivity causes a fall in
labor supply due to the positive wealth effect, traded employment increases and non-traded
establishments are shrinking since productivity gains are concentrated in the traded sector.
Non-traded firms are thus subject to the firing tax which further biases labor demand to-
ward the traded sector. The greater increase in traded relative to non-traded output results
in a greater appreciation in the relative price.

To further assess the role of search frictions, we calibrate the model to country-specific
data and investigate the implications of labor market institutions for the cross-country
dispersion in estimated effects. While the model generates a wide dispersion in the relative
wage and the relative price responses across countries, we find quantitatively that it can
account for the larger decline in the relative wage and the smaller appreciation in the relative
price in countries where labor market regulation is higher.> Our cross-country analysis also
reveals that a productivity differential of one percent results in a decline in the relative
unemployment rate of tradables which appears to be insignificant in countries having more
flexible labor markets but ranging between twofold and fourfold of that obtained for a
representative OECD country in economies with higher LMR.

The remainder of the paper is organized as follows. In section 2, we document evidence
on the long-run effects of higher relative productivity of tradables and contrast these effects
across time, space and stages of the business cycle. In section 3, we develop an open
economy version of the two-sector model with both imperfect mobility of labor arising from
searching efforts and unemployment arising from matching frictions in both sectors. Section
4 derives analytical results to guide our discussion on the role of labor mobility costs and

LMR. In section 5, we conduct a quantitative analysis to assess the ability of our model to

3When using a measure of LMR which encompasses the three dimensions of labor market institutions, we
find that the relative price significantly appreciates less in countries where labor markets are more regulated.



account for the variations of the effects across time, space and stages of the business cycle.
Section 6 summarizes our main results and concludes. The Online Appendix provides a
description of the dataset along with additional empirical results, and shows robustness
checks.*

Related literature. Our paper is at the cross-roads of three strands of the literature
investigating the adjustment of open economies to structural shocks. First, it is closely
related to the BS theory which has been renewed by Bergin et al. [2006], Ghironi and
Melitz [2005], and Christopoulos et al. [2012]. Whilst the latter paper puts forward financial
frictions as an explanation of the cross-country dispersion in the BS effect, the former two
papers show that heterogenous productivity among firms and/or entry and exit of firms
amplifies the BS effect. Recently, Cardi and Restout [2015] and Berka et al. [2018] have
put forward labor market frictions to account for the BS effect found in the data. However,
the two aforementioned works abstract from search frictions and thus cannot disentangle
labor mobility from hiring costs which prevent the aforementioned works to account for the
cross-country and state-dependent effects we document empirically.

Our paper also adds to a fast growing literature which contrasts empirically and the-
oretically the response of output and unemployment to fiscal or tax shocks across stages
of the business cycle, see e.g.,Auerbach and Gorodnichenko [2012], Michaillat [2014]. By
producing an asymmetry in the size of hiring costs across stages of the business cycle, our
model with search frictions allows us to rationalize the state-dependent effects we estimate.

Third, our work is also related to the literature employing a multi-sector model with
search frictions in the labor market and emphasizing the key role of the costs of sectoral
reallocation in shaping the response of the economy to sector-specific shocks. As in Lilien
[1982], labor mobility costs tend to increase search unemployment before labor fully adjusts
following asymmetric shocks across sectors. In contrast to Lilien [1982], reduced search for
a job caused by the positive wealth effect lowers unemployment in both sectors since we
allow for the transition between leisure and labor force. Like Kehoe et al. [2018], we find
that the response of sectoral labor is influenced by the elasticity of substitution between
traded and non-traded goods together with the cost of sectoral reallocation. In the same
vein as Kambourov [2009] and Cosar [2013], we investigate the quantitative implications
of labor market policies when workers experience barriers to labor mobility. Beyond the
fact that the authors focus on trade shocks, a key dimension of our setup which is absent
from that of Kambourov [2009] or Cosar [2013] who assume that trade is balanced, is the
dynamics of the net foreign asset position which brings about a change in the composition
of the demand of goods and allows our model to generate productivity effects in line with

our empirical findings.

4A Technical Appendix available upon request from the authors contains all the proofs, derivations of
analytical results, and extensions of the baseline model.



2 Empirical Facts

In this section, we explore empirically the effects of higher productivity in tradables relative
to non-tradables across time, space and stages of the business cycle. We focus on relative
price as well as relative wage effects because the movement in the relative wage reveals the
presence of labor market frictions. Since unemployment emerges naturally in an economy
with search frictions, we also investigate the effect on the unemployment differential between
tradables and non-tradables. We denote the level of the variable in upper case, the logarithm
in lower case (except for the unemployment rate which is expressed in percentage point),

and the percentage deviation from its initial steady-state by a hat.

2.1 Developing Intuiting about Labor Market Frictions’ Implications

To set the stage for the empirical analysis, we build up intuition about how the theory
developed by Balassa [1964] and Samuelson [1964] (BS hereafter) is modified when relax-
ing the assumption of perfectly competitive labor markets. Like BS we consider an open
economy where the terms of trade are fixed and further assume that traded and non-traded
goods are produced by using labor only.® The introduction of labor market frictions implies
that traded relative to non-traded output is no longer perfectly elastic to the relative price
of non-tradables which turns out to be affected by demand shifts. While in section 4 we
identify two transmission channels through which higher relative productivity tilts demand
toward traded or non-traded goods, we restrict below our attention to one channel for clar-
ity purposes. Importantly, this channel depends on the size of labor market frictions which
vary along two dimensions, say labor mobility and hiring costs.

Labor Mobility Costs. As shall be clear in section 3, workers’ costs of switching
sectors are the result of job search costs. Like Alvarez and Shimer [2011], workers experience
mobility costs as they have to search for a job before being employed in the other sector.
Because searching for a job is time-consuming, such an activity is costly in utility terms.
Such utility loss may capture sector-specific human capital, see e.g., Lee and Wolpin [2006],
Dix-Carneiro [2014], Kambourov [2009], Ritter [2014], and/or geographical mobility costs,
see e.g., Kennan and Walker [2011].% Labor mobility costs lead traded firms to post more job
vacancies (than non-traded firms) with the purpose to encourage workers to shift their hours
worked toward the traded sector. Since the hiring process is costly and labor mobility costs
amplify recruitment expenditure, a productivity differential produces a current account

deficit.” For the intertemporal solvency condition to hold, net exports must increase in the

5In Online Appendix A, we lay out a simple model with search frictions which provides a formal back-
ground of the discussion in subsection 2.1.

5Tt is worth mentioning that Artug et al. [2010], Caliendo et al. [2019] explore the labor reallocation
effects between traded /manufacturing and non-traded/service sectors following trade shocks and report large
labor mobility costs across sectors. The authors obtain a closed-form structural equation that relates gross
flows of workers across sectors to intersectoral wage differentials like in Horvath [2000] who abstract from
search frictions.

"In a model with search frictions, labor becomes an asset which can be accumulated. Labor accumulation



long-run. Because a greater demand for tradables biases labor demand toward the traded
sector, higher relative productivity of tradables lowers the relative wage of non-tradables.
Increased demand for tradables also mitigates the appreciation in the relative price of non-
tradables caused by higher traded relative to non-traded output. Since prices of non-traded
goods are not high enough to even lower relative productivity gains out, traded firms hire
more than non-traded firms which results in a larger decline in unemployment in tradables
relative to that in non-tradables.

Hiring Costs. Hiring costs matter as well in determining the responses of the economy
to higher relative productivity of tradables as they vary according to labor market insti-
tutions and across stages of the business cycle. Intuitively, in a country with higher LMR
or in an economy in recession, there are more unemployed workers and less job vacancies.
Thus the labor market tightness is low which makes hiring more profitable since it is easier
to fulfill job vacancies. Because the elasticity of hiring is higher, recruiting expenditure
increases more following a productivity differential, thus resulting in a greater current ac-
count deficit and thus in a larger increase in net exports. Higher demand for tradables
causes the relative wage to fall more and the relative price of non-tradables to appreciate

less which biases the decline in unemployment toward tradables.

2.2 Data Construction

Before empirically exploring the effects of higher relative productivity, we briefly describe
the dataset we use and provide details about data construction below as well as in Online
Appendix B. Our sample consists of a panel of eighteen OECD countries for eleven 1-digit
ISIC-rev.3 industries. To split these eleven industries into traded and non-traded sectors,
we follow the classification suggested by De Gregorio et al. [1994] that we updated by
following Jensen and Kletzer [2006].

For the relative price and the relative wage, our sample covers the period 1970-2007.
We use the EU KLEMS [2011] database which provides domestic currency series of value
added in current and constant prices, labor compensation and employment (number of hours
worked) for each sector j (with j = T, N), permitting the construction of price indices p’
(in log) which correspond to sectoral value added deflators, sectoral wage rates w’ (in log),
and sectoral measures of productivities a’ (in log). The relative price of non-tradables at
time ¢ in country ¢, p;, is the log of the ratio of the non-traded value added deflator to the
traded value added deflator (i.e., p;; = p% - pz:t). The relative wage w;; is the log of the
ratio of the non-traded wage to the traded wage (i.e., w;; = w% — wiTﬂf). We use sectoral
labor productivities Ag’t = th / Lg’t to approximate technical change which are constructed
from constant-price series of value added Yﬁt and hours worked ngt.

We construct time series for sectoral unemployment rate, v/, as the ratio of the number

leads to recruitment expenditure which produces a current deficit, just like in a model with capital investment
or firm entry.



of unemployed workers U7 in sector j to the labor force FV = L7 + U7 in this sector.
Unemployed persons in industry j are those who lost their job in industry j. Data was
extracted from LABORSTA database (ILO) which provides series for unemployed workers
by economic activity for fourteen OECD countries out of eighteen listed in Online Appendix
B.% The longest available period ranges from 1987 to 2007. On average, our data covers
thirteen years per country (see Online Appendix C.3).” Then we subtract vV from u” to

construct the unemployment differential between tradables and non-tradables, i.e., u” —u®.

2.3 Effects of a Productivity Differential across Time

A way to gauge the role of labor mobility costs in determining the adjustment of the
economy to a productivity differential is to investigate whether the effects of a change in
relative productivity vary over time and explore their relationship with time-varying labor
reallocation across sectors caused by higher relative productivity.

Empirical strategy. To perform this experiment, we run the regression of the relative

N

wage, w, the relative price, p, and the unemployment differential, u” — u, on relative

productivity in rolling sub-samples:

z;t = 0; + a .productivity differential, , + €; , (1)

where = = w,p,u” —u", a = 3,7, 0, subscripts i and ¢ denote the country and the year,

€, is an ii.d. error term and country fixed effects are captured by country dummies
8;. Since p, w and the productivity differential (i.e., a’ — a"), display trends, we ran
unit root and then cointegration tests. Having verified that these two assumptions are
empirically supported, we estimate long-run elasticities for the relative wage, (3, and the
relative price, v, by using the fully modified OLS (FMOLS) estimator for cointegrated
panel proposed by Pedroni [2000], [2001].1 Since the time horizon is too short to recourse
to cointegration techniques for the unemployment rate differential, we explore empirically
(1) in variation and estimate the effect of a productivity growth differential on the change
in the unemployment differential, o, by using a panel fixed effects regression.

Following Wacziarg and Wallack [2004], we compute the labor reallocation index in year

t for country ¢ denoted by LR;; by calculating the rate of workers who have shifted from

one sector to another over 7 years:

N . ) N : N .
Zj:T |Lf,t - Lg,t77-| - Zj:T L?,t - Zj:T Lg,t—r

LR;: (1) = i .
w0 055 o (L, + L)

(2)

8Tt is worth mentioning that we started this paper a few years ago and in the meanwhile, the dataset
provided by ILO which gives unemployment by economic activity has been removed from the web site and
no longer exists.

9Whereas we are able to construct time series of sectoral unemployment rates for Korea, data for the
unemployment benefit replacement rate, used as a control variable, are not available before 2002 and thus
this country is removed from the sample.

'We alternatively estimate eq. (1) by using the dynamic OLS (DOLS) estimator. Results are almost
identical and can be found in Online Appendix E.



where 7 = 5 and Lg’t denotes employment in sector j = T, N. To estimate the effect
of higher relative productivity on labor reallocation, we run regression (1) in rolling sub-
samples where x;; = LRi,t.H

Labor mobility costs. Before turning to time-varying effects, we start with the long-
run responses for the whole sample. As shown in column 1 of Table 1, a 1% increase in the
relative productivity of tradables lowers w by 0.22%, which reveals the presence of labor
mobility costs. Such labor mobility costs curb non-tradable inflation since p appreciates by
0.64% only (see panel B), i.e., less than the productivity differential of 1%. Furthermore,
column 1 of Table 2 reveals that «” falls more than u”.

Time-varying elasticities and labor reallocation. Whilst we estimate 3, 7, and o
in rolling sub-samples, to check results’ robustness, we consider different window lengths.'?
As can be seen in the first row of Fig. 1 which reports the elasticity of the relative wage to
relative productivity (i.e., 3) in the solid black line, the response of w has increased over time
(i.e., B becomes less negative). The increase in the response of w over time, especially in the
nineties, is associated with more labor reallocation following higher relative productivity,
as shown in the dotted black line. The increase in worker mobility across sectors over the
nineties echoes the evidence documented by Kambourov and Manovskii [2009] on U.S. data.
The second row of Fig. 1 reveals that as more workers shift from one sector to another,
p appreciates more over time (until the beginning of 2000’s), i.e., v takes higher values.
Focusing on panels 1(a) and 1(c), the magnitude of labor reallocation reaches a peak at the
beginning of 2000’s and then tends to be declining. Such a pattern tracks pretty well the fall
in v from 2002 onwards and to a lesser extent the merely declining path of 3 which starts
later, in 2005. Another piece of evidence which corroborates the role of labor reallocation
in shaping the labor market adjustment across time is the increase in ¢ which captures the
response of the unemployment differential to a rise in relative productivity, as can be seen
in panel 1(e) of Fig. 1.1

Whilst Fig. 1 reveals that the effects of a productivity differential are increasing over
time and are concomitant to time-increasing labor reallocation, larger shifts of labor across
sectors can be caused by lower mobility costs or changes in LMR or both.

LMR across Time. As can be seen in Fig. 2 which plots three dimensions of LMR
over time, their evolution has opposite effects on labor reallocation. On the one hand, the

rise in the unemployment benefit replacement rate shown in the dotted blue line together

"'We are interested in the long-run effects of higher relative productivity on labor reallocation and thus
consider 7 = 5 like Wacziarg and Wallack [2004]. Since the labor reallocation index is stationary, relative
productivity is expressed in growth rate.

12When estimating 3 and -, we run the same regression as in eq. (1), except that we consider overlapping
subperiods of different fixed lengths, i.e., T" = 20 and T" = 25. More specifically, for T" = 20, we estimate
egs. (1) over 1970-1990, 1971-1991, ...,1987-2007, and for 7" = 25, over 1970-1995, ..., 1982-2007.

3When running the regression of the unemployment differential on relative productivity of tradables in
growth rate, we add unemployment benefit replacement as a control; due to data availability, we consider
one unique window length (i.e., 7' = 12) and exclude BEL, DNK, JPN, USA as the time horizon for sectoral
unemployment data taken from ILO is too short for these countries.



with the fall in EPL shown in the dashed red line increases labor reallocation. On the other
hand, the collective bargaining coverage shown in the solid black line reaches a peak at
the beginning of the eighties and then declines from 72% to 62% which exerts a negative
impact on labor reallocation.!*

Because the effects on labor reallocation caused by the movements in the LMR indicators
somewhat cancel out, changes in LMR cannot be responsible for the sharp increase in labor
reallocation which doubles over the nineties. Thus time-increasing effects of higher relative
productivity can only be the result of time declining labor mobility costs. As we shall see in
subsection 5.3, when we calibrate the model to the data and let labor mobility costs along
with the three dimensions of LMR vary across time, numerical results reveal that time-
declining labor mobility costs alone can account for time-varying effects of higher relative
productivity of tradables.

< Please insert Figure 1 and 2 about here >

< Please insert Tables 1 and 2 about here >

2.4 Effects of a Productivity Differential across Countries

While overall LMR does not vary much across time as its components vary in opposite
direction, labor market institutions vary considerably across countries.'® In the following,
we put forward international differences in LMR to account for the cross-country dispersion
in the elasticity of the relative wage, the relative price and the unemployment differential
w.r.t. relative productivity.

Dimensions of LMR. We consider three dimensions of LMR. The first aspect is the
difficulty of redundancy that we capture through the EPL index provided by the OECD;
this index which captures the strictness of legal protection against dismissals for permanent
workers has the advantage to be available for all countries of our sample over the period
1985-2007. In order to have a more accurate measure of the difficulty of redundancy,
we adjust EPL for regular workers with the share of permanent workers in the economy
(see Boeri and Van Ours [2008]). The indicator is denoted by EPL,g4;. The generosity
of unemployment benefit systems is measured by using the replacement rate, denoted by
0. The data we use are taken from the Benefits and Wages database provided by the
OECD which calculates the average of the net unemployment benefit for three durations of
unemployment (1st year, 2nd and 3rd year, 4th and 5th year). In the empirical literature,
the worker bargaining power is commonly captured by the bargaining coverage; we thus

use this indicator, denoted by BargCov, which gives the proportion of employees covered

MThe effects of the three dimensions of LMR on labor reallocation are discussed in section 4. A more
generous unemployment benefit scheme and/or a higher bargaining coverage lead to greater labor realloca-
tion by increasing the marginal benefit of job search. On the contrary, as emphasized by Kambourov [2009]a
stricter EPL lowers labor reallocation by reducing hiring and thus the marginal benefit of search.

15Tn Online Appendix B, we plot estimated responses of w to a productivity differential against LMR
indicators. While the relative wage elasticity displays a wide cross-country dispersion, estimates indicate
that w falls more in countries where LMR is higher.
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by collective bargaining. Data are taken from the ICTWSS database (Visser [2009]).

Implications of more generous unemployment benefits or higher worker bar-
gaining power. Whilst LMR further biases labor demand toward the traded sector,
labor market institutions influence goods and labor market variables through two distinct
channels according to the type of LMR. As mentioned in section 2.1, in countries where
unemployment benefits are more generous or the worker bargaining power is higher, labor
demand in the traded sector is more elastic to productivity gains. In Online Appendix E.7,
we provide evidence which supports the transmission channel emphasized in section 2.1.
More specifically, we find that countries where the unemployment benefit scheme is more
generous or the collective bargaining coverage is higher experience a greater increase in the
balance of trade in the long-run following a rise in the relative productivity of tradables.
As a result, the traded wage is expected to increase by a larger amount and the unemploy-
ment rate of tradables to decline more. In addition, the greater increase in the demand for
tradables further mitigates the appreciation in the relative price of non-tradables caused
by the productivity differential.

Implications of stricter protection against dismissals. In countries with higher
firing costs, we expect the non-traded wage to rise less, the unemployment rate of non-
tradables to decrease by a smaller amount and the relative price to appreciate more. The
intuition is as follows. Because higher productivity lowers aggregate labor supply through
the positive wealth effect while the non-traded sector experiences relatively low productivity
gains, the shrinking non-traded establishments are subject to the redundancy cost. As
a result, they are less prone to recruit more workers when productivity increases. Labor
demand in the non-traded sector is thus less elastic to productivity gains in countries where
EPL is more pronounced, which mitigates increases in w” and the decline in u”". Since
traded relative to non-traded output increases more, p appreciates by a larger amount.

Empirical strategy. To empirically explore the implications of LMR for the effects
of a productivity differential, we perform a simple split-sample analysis. Hence, for each

sub-sample, we run the following regression: '

mﬁt = 5,1“ + o .productivity differentialﬁt + ef,t, k=H,L, (3)

where = w,p,u” — u" and the superscript & = H, L means 'High’ or 'Low’ LMR.!7

16Because the movements in p can be influenced by changes in the cost of entry in product market triggered
by competition-oriented policies, we add country-specific linear time trends when we run the regression (3)
for each sub-sample in order to control for these effects.

7Online Appendix E.5 provides the values for all LMR indicators. For w and p, we base the split-sample
analysis on the median of the sample for the three dimensions of LMR. In Online Appendix E.5, we show
that whether we use the median or the mean sample, our split-sample analysis is robust to the threshold
used when we explore the implications of three dimensions of LMR. Due to the small effect of higher relative
productivity on the unemployment differential, we base the split-sample analysis on the sample mean instead
since it produces the traditional distinction between English-speaking and Continental European economies.
More specifically, using the sample mean, IRL, AUS, GBR, JPN, CAN, USA are classified in the group of
countries with low LMR while the rest of the countries, AUT, SWE, DNK, FIN, BEL, ESP, DEU, ITA, are
classified in the group of countries with high LMR.
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For each sub-sample, we estimate the elasticity o for the relative wage (labelled 3¥), the
relative price (labelled v*), and the unemployment differential (labelled ¢*).!® Building on
the above discussion, we expect S and o, which captures the response of w and u” —u®
to a productivity differential in countries with higher LMR, to be larger (in absolute terms)
than 8% and o¥. Whilst LMR biases labor demand toward the traded sector, regardless of
the type of labor market institutions, the three dimensions of LMR must be distinguished
for the response of p; p should appreciate more in countries with stricter legal protection
against dismissals (i.e., Y7 > 41) and is expected to increase less in countries with more
generous unemployment benefit scheme or a higher bargaining coverage (i.e., v < 7%).

Relative wage elasticity and LMR. The FMOLS estimates are reported in columns
2-5 of Table 1 for countries with high and low LMR. As the results in panel A of Table
1 show, the decline in w is significantly greater for countries with more regulated labor
markets, i.e., ]BH | > ]ﬂL |. While countries providing lower unemployment benefits expe-
rience a decline in w of -0.16% approximately, the second set of countries with generous
unemployment benefits experience a fall in w of -0.26% (see column 2). Furthermore, as
shown in column 3 of Table 1, w falls by -0.24% in countries where the worker bargaining
power is relatively higher instead of -0.18% in economies with a lower bargaining coverage.
A similar pattern emerges when we exploit a third dimension of LMR, namely the strictness
of employment protection (see column 4). Since series for EPL are available over 1985-2007,
we run again the regression (3) for each sub-sample over this period to be consistent. We
find that w declines by 0.17% in countries with higher firing costs while w declines by only
0.13% in the second set of countries. Because LMR includes three indicators, we have re-
course to a principal component analysis in order to have one overall indicator reflecting all
the dimensions of labor market institutions. As displayed by column 5 of Table 1, we find
that countries with more regulated labor markets experience a larger decline in w. Finally,
we detect a significant difference in the responses of w between countries with low and high
LMR as shown in the third line of Table 1 which indicates that imposing the restriction
B = pH is strongly rejected at a 1% significance level.

Relative price elasticity and LMR. Turning to the relative price, columns 2 and 3 of
panel B in Table 1 show that higher relative productivity of tradables causes an appreciation
in p which is significantly smaller in countries with more generous unemployment benefits or
a higher bargaining coverage. Conversely, as displayed by column 4 of Table 1, stricter EPL
tends to amplify the increase in p, in line with our conjecture. However, the difference in
the relative price responses caused by EPL between the two sub-samples is not statistically
significant. Because EPLyg4 does not seem to exert substantial effects on +, it is thus
not surprising to find that the overall LMR index tends to mitigate the appreciation in

p as shown in the column 5 of Table 1. As discussed later, this finding is in line with

18To estimate o, we consider eq. (3) in variation.
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our quantitative results which show that large differences in EPL do not cause marked
differences in «, the cross-country dispersion in the response of p being mostly driven by
differences in unemployment benefit replacement rates.

Unemployment differential adjustment and LMR. To explore the implications of
LMR for the response of the unemployment rate differential, we split our sample into groups
with less and more regulated labor markets by using the mean value of the index which
encompasses the three dimensions of LMR.!? Our analysis covers 14 countries out of which
8 are classified as countries with more regulated labor markets. Contrasting estimates
of o with those of o shown in column 3 of Table 2 reveals that a rise in the relative
productivity of tradables drives down u” relative to «V, and more so in countries where
LMR is higher. More specifically, the unemployment differential declines by 0.033 and 0.036
ppt in economies with low and high LMR, respectively. Column 4 shows that estimated
effects between the two subsamples are more distinct when controlling for the replacement
rate and EPL, v —u” declining by 0.032 ppt in countries with low LMR and by 0.041 ppt
with high LMR.

2.5 Effects of a Productivity Differential across Stages of Business Cycle

While hiring costs vary according to LMR, hiring costs also vary across stages of the business
cycle. Since the elasticity of hiring is higher in recessions as a result of a low labor market
tightness, we expect w and the unemployment differential between tradables and non-
tradables to fall more following higher relative productivity and p to appreciate less.
Empirical Strategy. In order to contrast the effects of higher relative productivity of
tradables in recessions with those during expansions, we have to identify the state of the
economy in the business cycle. Following standard practice, we define a recession period
as a situation where the output gap declines, i.e., the economy is moving from its peak
to trough, and an expansion period as a situation where the output gap increases, i.e.,
the economy is moving from its trough to peak.?’ Expansions (recessions) are periods
where the output gap dy; — dy; is positive (dy;; — dg;; is negative), with § the potential
GDP in log. A recession lasts 3.8 years and an expansion 4 years on average. In order
to insure that the differences in the effects of a productivity differential are pronounced
enough across stages of the business cycle, we consider expansions and recessions which

21 We alternatively identify periods of expansion and recession by

last at least 3 years.
using the unemployment gap, u;; — t;; with u and @ the actual and natural unemployment

rate, respectively. To investigate whether the response of the economy to a productivity

9Because the effect of an increase in A7 /AY on the unemployment differential is small since the latter
variable is the difference between two sectoral ratios, we find it convenient to base the split-sample analysis
on the mean value instead of the median as we obtain more clear-cut results in this case.

20To compute the output gap, we logged real GDP Y;; and estimate its trend, ¢, by applying a Hodrick-
Prescott filter with a smoothing parameter of A = 100 (as we use annual data).

2In Online Appendix E.6, we consider all recessions/expansions or alternatively recessions/expansions
which last at least 2 years. Our results are robust to business cycle duration.
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differential varies across stages of the business cycle, we perform a split-sample analysis
and run regression (3) when economies are in recession and next when economies are in
expansion. Since unemployment is relatively Low (High) when the economy is in expansion
(recession), the estimated elasticity is denoted by the superscript L (H).

Empirical Results. The FMOLS estimates of ¥ and v* (k = H, L) are reported
in the last two columns of Table 1. In accordance with our hypothesis, a 1% increase in
the relative productivity of tradables lowers w by 0.29% in recessions and 0.22% only in
expansions. Conversely, p appreciates less in recessions than in expansions, i.e., by 0.58%
vs. 0.64%, respectively. Turning to the sectoral unemployment effects displayed by the last
two columns of Table 2, a productivity differential further lowers u” relative to u”" when the
economy is in recession, o being statistically significant when we use the unemployment

gap to identify the state of the economy in the business cycle.

3 The Framework

The country is small in terms of both world goods and capital markets, and faces a given
world interest rate, 7*.?2 The small open economy is populated by a constant number
of identical households and firms that have perfect foresight and live forever. Households
decide on labor market participation and consumption while firms decide on hirings. The
economy consists of two sectors. One sector produces a traded good denoted by the super-
script 1" that can be exported while the other sector produces a non-traded good denoted
by the superscript N. Both goods are used for consumption. The traded good is chosen
as the numeraire. The labor market, in the tradition of Diamond-Mortensen-Pissarides,
consists of a matching process within each sector between the firms who post job vacancies

and unemployed workers who search for a job. Time is continuous and indexed by ¢.23

3.1 Households

At each instant the representative agent consumes traded goods, CT(t), and non-traded

goods, OV (t), which are aggregated by a constant elasticity of substitution function:
_¢
Ct) = |o% (A1) T +(-9)F (V)T | ()
where 0 < ¢ < 1 is the weight of the traded good in the overall consumption bundle and
¢ > 0 is the intratemporal elasticity of substitution.
The economy that we consider consists of a representative household with a measure one

continuum of identical infinitely lived members. At any instant, members in the household

22The price of the traded good is determined on the world market and exogenously given for the small
open economy. Hence, real exchange rate movements are exclusively caused by the long-run adjustment in
the relative price of non-tradables. Evidence documented by Burstein et al. [2006] reveals that half of all
cyclical real exchange rate variation is accounted for by the relative price of non-traded to traded goods.

220ur paper builds on Heijdra and Ligthart [2009]. Unlike the authors, we consider a two-sector framework
where the sectoral elasticity of labor supply at the extensive margin determines the transition across sector
labor force and explore the implications of LMR.
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derive utility from consumption goods C(t) and experience disutility from working and
searching efforts. More precisely, the representative household comprises members who
engage in only one of the following activities: working and searching a job in each sector, or
enjoying leisure. Assuming that the representative individual is endowed with one unit of
time, leisure is defined as 1 — FT(t) — FN(t), with F7(t) the labor force in sector j = T, N
defined as the sum of units of labor time, L7(¢), and time spent on searching for a job in
sector j, UJ(t), i.e., F(t) = L’(t) + U’(t). For later use, we denote by u/ the sectoral
unemployment rate defined as w’(t) = U?(t)/F’(t). Unemployed agents are randomly
matched with job vacancies according to a matching function described later. Since the
timing of a match is random, agents face idiosyncratic risks. To simplify the analysis, we
assume that members in the household perfectly insure each other against variations in
labor income, see e.g., Merz [1995] and Andolfatto [1996].

The representative household chooses the time path of consumption and labor force to
maximize the following objective function:

T:/O { L o' -t F(t)HolL}e_ﬁtdt, (5)

1- L 1+

where # > 0 is the consumer’s subjective time discount rate, oo > 0 the intertemporal elas-
ticity of substitution for consumption, F'(t) the aggregate labor force, and oy, the elasticity
of labor supply at the extensive margin.

Because the labor force is not constant, we allow for the transition between employment
and unemployment, and the transition between leisure and labor force. Since the labor force
in sector j is not constant either, we allow for the transition between the traded and the
non-traded sector. As in Alvarez and Shimer [2011], a worker in one sector cannot switch to
the other sector without going through a spell of search unemployment which generates a
labor mobility cost. Because oy, is assumed to be symmetric across sectors and determines
the extent of the utility loss from searching a job in sector j, the degree of labor mobility
increases when o, takes higher values. The elasticity of labor supply at the extensive
margin thus collapses to the elasticity of substitution between FT and FV as captured by

a CES aggregator:

F(t)=|CTFI(t) o + VN () ! (6)
where ¢/ > 0 parametrizes the disutility from working and searching efforts in sector j =
T,N. When o; = 0, labor immobility emerges as a special case since workers’ costs of
switching sectors are prohibitive. Letting o, tend towards infinity and setting (7 = ¢V =1,
eq. (6) collapses to F(t) = FT(t) + FN(t) which implies that labor force is perfectly
substitutable across sectors. When o, takes intermediate values (i.e., 0 < o < 00), traded
and non-traded labor force are no longer perfect substitutes. As oy takes lower values,

workers experience greater disutility when shifting. While an endogenous sectoral labor
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force participation decision generates imperfect substitutability between sectoral labor force
and echoes the modelling approach by Cardi and Restout [2015] to generate labor mobility
costs, hiring costs emerge naturally in our model with search frictions and are distinct from
workers’ switching costs. As we shall see in section 4 and 5, such a distinction is crucial
when it comes to explaining time-varying, cross-country and state-dependent effects.?*
Denoting by m?(t) the rate at which unemployed agents find jobs and s/ the exogenous

rate of job separation, employment in sector j evolves gradually according to:
Li(t) =m/ () UI(t) — "L (¢). (7)

Households supply L7 (t) units of labor services in sector j = T, N for which they receive
the product wage W7 (t). We denote by A(t) the stock of financial wealth held by households
which comprises internationally traded bonds, B(t), and shares on domestic firms. Because
foreign bonds and domestic shares are perfect substitutes, the stock of financial wealth yields
net interest rate earnings r*A(t). Denoting by T'(¢) the lump-sum taxes, the flow budget

constraint is equal to households’ real disposable income less consumption expenditure:
A(t) = r*A(t) + Z WY (t) L7 (t) + Z RIUY(t) — T(t) — Pc (P(t)) C(t), (8)
J J

where P¢ is the consumption price index which is increasing in the relative price of non-

tradables, P, and R’ represents unemployment benefits received by job seckers in sector

7.
Denoting by A(t) and &/(t) the shadow prices of wealth and finding a job in sector j,
respectively, the key equations characterizing optimal household behavior are:?°
C(t) = (Po(t)A(t)) 77, (9a)
FI(t) = {A(@) [m? (87 (1) € (t) + RT] /¢T3 (9b)
At) = A(t) (B—17), (9¢)
. . l/O'L
. . A . T(FI(t
#)= (o + ) &) - [wi) - ED (94)

and the appropriate transversality conditions. In order to generate an interior solution, we
impose 3 = r*; hence, (9c) implies that A must remain constant over time, i.e., A(t) = A.
Eq. (9b) shows that labor market participation increases with the reservation wage W]{z(t),
which is defined as the sum of the expected value of a job, m? (t)¢7(t), and the unemployment

benefit, R7.

*Tnstead of considering workers’ heterogeneity and sector-specific human capital like Kambourov [2009)
and Cosar [2013], we generate imperfect mobility of labor by assuming that workers must search for a
job before shifting from one sector to another. While this modelling strategy amounts to assuming that
the worker regains sector-specific human capital and prevents us from investigating distributional issues, it
allows us to derive analytical expressions and characterize sectoral unemployment dynamics by using phase
diagrams.

Z5First-order conditions consist of (9a) and (9c) together with ¢’ (Fj)l/d]L = mie" 4+ R\ and € =
(s7+B) & — {)\Wj — (Fj)l/oL]. Denoting by & = ¢+ /), using (9a) and (9c), we get (9b) and (9d).
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Intra-temporal allocation of consumption follows from the following optimal rule:

<1;‘p> g; = P?. (10)

An appreciation in the relative price of non-tradables P lowers expenditure on tradables
relative to expenditure on non-tradables (i.e. CT/PCY) when ¢ < 1. Applying Shephard’s
lemma and denoting by ¢ the share of non-traded goods in consumption expenditure yields

expenditure in non-tradables and tradables, i.e., PCY = acPcC and CT = (1 — a¢) PcC.

3.2 Firms

Each sector consists of a large number of identical firms which use labor, L7, as the sole
input in a linear technology, Y7 = AJL7. Firms post job vacancies V7 to hire workers and
face a cost per job vacancy x/ which is assumed to be constant. Like Kehoe et al. [2018], the
cost per job vacancy is measured in terms of the traded good. In the quantitative analysis,
we explore the robustness of our results to this assumption by alternatively considering
that the cost per job vacancy is expressed in terms of the non-traded good. Firms pay the
wage W7 decided by the generalized Nash bargaining solution. As producers face a labor
cost W7 per employee and a cost per hiring of 7, the profit function of the representative

firm in sector j is:
7 (t) = ) LI() — WI () LA (t) — w7 ()VI (1) — 27 . max {o, —Lj(t)} , (11)

where Z/ is the marginal revenue product of labor (i.e., Z = AT and ZV = PAN).
Following Hopenhayn and Rogerson [1993] who abstract from search frictions, Alvarez
and Veracierto [2001], Heijdra and Ligthart [2002], Veracierto [2008], who consider search
frictions, the strictness of legal protection against dismissals is captured by a tax on reducing
employment denoted by 7. While firms must make a payment —z/L7(t) > 0 whenever
they decrease their employment level, firms experience simultaneously outflow and inflow
of workers. As we shall see below, because the decision of hiring (i.e., the decision to
post job vacancies) and employment adjustment choices are distinct, a tax on reducing
employment amounts to paying taxes upon job separation, 2/s’L7, and receiving hiring
subsidies, 7 f7V7, at the same time, the former being larger than the latter amount. When
we calibrate the firing tax to the data, we restrict attention to the transfer from the firm
to the laid-off worker which includes advance notification and severance payments since
according to the evidence documented by Garibaldi and Violante [2005], red-tape costs
account for a small fraction of the firing tax, i.e., less than 20%.%6

Denoting by f7 the rate at which a vacancy is matched with unemployed agents, the

26 A5 underlined by Garibaldi and Violante [2005] and Bentolila et al. [2012], EPL imposes a firing cost
to the firm which has two separate components: a transfer from the firm to the worker to be laid off which
includes the requirements to provide the worker with advance notification and severance payments, and
red-tape costs which refer to a set of administrative procedures and legal expenditures.
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law of motion for labor is given by:
L(t) = V(1) - 'L (t). (12)

Denoting by 77 (t) the shadow price of employment to the firm, the maximization prob-
lem yields the following first-order conditions:

I RN PO (13a)

‘ poey |

F(t) = A)(rF+s) = (@) —a) Lp_o— W(t). (13b)

While the firing tax is in effect when L7(t) < 0 (as captured by the indicator function),

the net employment change is the result of total hirings and total separations; since V7

is a control variable and L7 is a state variable so that hiring decisions and employment

adjustment choices are distinct mathematically, 27 is split into a hiring subsidy in eq. (13a)

and a tax upon job separation in eq. (13b). Eq. (13a) requires the marginal cost of vacancy,

k7, to be equal to the expected marginal benefit of hiring inclusive of the hiring subsidy,

7 (v + a7 1j,_,). Solving (13b) forward and invoking the transversality condition yields:
o .
v (t) = /t (2 (1) = 72! Lj;_og— W (7)] e(r*JrsJ)(t*T)dT, (14)

where r* 4 s/ is the risk-of-job-destruction discount rate. Eq. (14) states that 77 (¢) is equal
to the present discounted value of the cash flow earned on an additional worker, consisting
of the excess of marginal revenue of labor Z7(t) over the wage W7 (t) and the expected
firing cost s/z/ .1, <o+ Following higher productivity A7, the marginal revenue of labor
Z7(t) rises; hence hiring becomes more profitable which induces firms to post job vacancies,
but less so in countries with a higher firing cost 27, in line with the evidence documented
by Adhvaryu et al. [2013]. Differentiating 4/ (¢)L7(t) w.r.t. time, inserting (12) together

with (13b), solving and invoking the transversality condition shows that the value of firm’s

labor force is equal to the present value of its profit:
A () LA (t) = / w (1) e T Ddr, (15)
t

3.3 Matching and Wage Determination

In each sector, there are job-seeking workers U’ and firms with job vacancies V7 which are
matched in a random fashion. Assuming a constant returns to scale matching function, the
number of labor contracts M7 concluded per job seeker U’ gives the job finding rate m/

which is increasing in the labor market tightness 67:
A . . S Y Y
m? () = M7 (2) /U7 (t) = X7 (V2 (1) /U7 (1)) = X7 (07(1)) ", (16)

where a{/ represents the elasticity of vacancies in job matches and X7 corresponds to the
matching efficiency. The number of matches M7 (t) per job vacancy gives the worker-finding
rate for the firm, f7(¢), which is decreasing in 67 (t):

1

F3(t) = MI())/ V(1) = X (69(8))° (7)
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When a vacancy and a job-seeking worker meet, a rent is created which is equal to
E(t)+~7(t) + 27 1j;_,, where & (t) is the value of an additional job, 47 (t) is the value
of an additional worker, and 27 corresponds to the hiring subsidy. The division of the rent
between the worker and the firm determined by generalized Nash bargaining leads to the
product wage W7 defined as a weighted sum of the marginal revenue product of labor plus

the interest income from the hiring subsidy and the reservation wage:
W) =y (57 (1) +1*a? N, 0) + (1 ady ) WH), (18)

where O“Ij;v corresponds to the bargaining power of the worker. Inserting the Nash bargaining
solution, i.e., a{;v (V) +a? Lj,_) = (1 - a{,v) &I (t), into ng(t) = m/ (t)&7 (t)+R7 allows
us to express the reservation wage in terms of the average hiring cost per job seeker x767(t),
ie., W]]%(t) = %Fﬂﬂj(t) + R/. When the firm fires a worker, it must pay to the State /s’
instantaneously while when it hires a new worker, the firm obtains from the State 27 which
is equivalent to [ (r* + s7) 2 (" +s7)t=7) g Combining the latter result with (14) leads
to Y (t) + 2! Lj; o= [ [E(r)+r*ad Lj;_o— W (7)) (" +)t=7) 7 which explains
why r*27 shows up in the surplus from an additional hiring displayed by the first term on
the RHS of eq. (18). Intuitively, the interest income from the hiring subsidy deposited at a
bank is left available to the firm to pay the firing tax when the worker is laid-off. While the
presence of the hiring subsidy slightly increases the surplus from an additional worker by
r*2J | this term is found quantitatively to be very small so that it has no impact on targeted
ratios and thus the initial equilibrium is identical whether EPL is high or low. Conversely,
the firing tax x7, which is in effect when L7(t) < 0, lowers 7/ (t) by 2/L(t) < 0 at each
instant of time (see eq. (11)). The value of firm’s labor force (see eq. (15)) declines which
mitigates the incentives to post job vacancies following a rise in A7, and all the more so in

countries where the tax on reducing employment is higher.

3.4 Government

The final agent in the economy is the government. Unemployment benefits RTU”T + RNUN
are covered by lump-sum taxes T' and the proceeds from the firing tax » j 2 . max {0, —L7 }

according to the following balanced budget constraint:
ij.max{O,—Lj}+T:ZRjUj. (19)
J J

Like Veracierto [2008], the proceeds are rebated to households as lump sum transfers. As we
shall see, because higher productivity generates a positive wealth effect which encourages
agents to reduce time devoted to job search, unemployment benefits shown on the RHS
of eq. (19) decline. The excess of the proceeds from the firing tax over unemployment
benefits is paid to households as lump-sum transfers which square well with our assumption

of considering the firing tax as a transfer from the firm to the laid-off worker.
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3.5 Market Clearing Conditions

We have to impose the market clearing condition for the non-traded good:
YN (t) = CN(t). (20)

Using the definition of the stock of financial wealth A(t) = B(t)+)_; 77 (t) L7 (t), differentiat-
ing with respect to time, substituting the accumulation equations of labor (7) and financial
wealth (8) together with the dynamic equation for the shadow value of an additional worker

(13b), using (19) and (20), the current account is:
Bt)=rB@t)+YT(t) - CT(t) — xTVT(t) — kNVN(2). (21)

As shall be clear later, the current account adjustment plays a pivotal role in driving our
results. In this regard, it is worth mentioning that our assumption of hiring costs measured
in traded good units does not affect our conclusions since a current account deficit aims
at covering any excess of domestic absorption over domestic output, regardless of whether

expenditure falls on traded or non-traded goods.

3.6 Steady-State

We now describe the steady-state of the economy. Due to the lack of empirical estimates
at a sectoral level, we impose oz{/ = ay and oz{,v = ay from now on.

First, setting B = 0 into (21), denoting by vyx = NX/Y7T the ratio of net exports to

traded output, and using (20) yields the goods market equilibrium:2”

YT(l—UNx) 2
= p? 22
= P (22)

where we have inserted the allocation of aggregate consumption expenditure between traded
and non-traded goods given by (10). According to (22), following a rise in traded output
relative to non-traded output, the relative price of non-tradables, P, must appreciate to
clear the goods market and all the more so as the elasticity of substitution ¢ is smaller.
Second, setting 4/ = 0 into (13b), using (13a) to eliminate 7/, and inserting W/ given

by (18) leads to the vacancy creation equation which states that the marginal benefit

of an additional worker to the firm, i.e., (Zj‘;‘*’)\lﬂ where U/ = ZJ 4 p*gd — Wfé is the
overall surplus created when a job-seeking worker and a firm with a job vacancy conclude a
contract, equalizes the expected costs of recruitment per worker, i.e., x//f7. Inserting (17)

and combining hiring decisions for the traded and non-traded sectors give:

T (ST —i—?”*) XN <9T>1—av B =T +’I“*$T _ W}T%“ (23)

KN (sN 4+ %) XT \ 6N - EN ppgN - Wh

2"Denoting by vp = T;—f the ratio of interest receipts to traded output and v{/ = ’*;‘;I the ratio of the
cost of hiring in sector j = T, N to traded output, the zero current account equation implies v —v% — v =
—vunx. While for simplicity purposes, we refer to vnxx as the ratio of net exports to traded output, it also
includes hiring expenditure, i.e., NX = YT —CT = NX+xTVT+£VVY with NX = YT —CT —TVT NV

corresponding to the ’true’ definition of the trade balance.
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where Z7' = AT and =V = PAN. According to the vacancy creation equation described
by (23), higher AT /AN has an expansionary effect on labor demand in the traded sector
and thus pushes up 07 /0" as long as ¢ > 1. Conversely, when ¢ < 1, P appreciates by
more than the productivity differential which raises the share of non-tradables and thus
biases labor demand toward the non-traded sector. Since our estimates of ¢ reveal that the
elasticity is smaller than one for the whole sample, we restrict attention to this case in the

following.

Third, setting & = 0 into (9d) leads to & = ow Rewriting the latter equation

sT4r*

by inserting the vacancy creation equation for sector j to eliminate W/ gives the expected

value of finding a job, i.e., mi¢l = IE‘TWWRJHJ. Plugging this equation into (9b) leads to tlhe
¢I(FI)°L

equality between the utility loss from participating in the labor market in sector j, T

and the marginal benefit from search, lf‘g’w KO+ R = WI]%. Combining the decision of

search for the traded and the non-traded sector gives:

(24)

LT mtm™ 4 (W (VN
LN mN mT 6T ’

_ iy o
where we set L/ = 0 into (7) to eliminate U7. According to (24), a rise in 67 /0N has an
expansionary effect on hours worked in the traded sector because more unemployed agents
find a job while workers are also encouraged to increase their participation to the labor
force in this sector, and all the more so as o, takes larger values.

The long-term equilibrium comprise three equations (22)-(24) which can be solved for
relative employment, L7 /LY, the ratio of sectoral labor market tightness, 87 /Y, and

the relative price, P, as functions of relative productivity, A7 /A", and vyx. Inserting

these solutions into the Nash bargaining wage (18) and v/ = i _S:mj allows us to express

N in terms of

the relative wage, Q@ = W& /W7 and the unemployment differential u” — u
AT /AN and vy x.2® This procedure to solve for the steady-state enables us to break down
analytically the effects of a productivity differential between tradables and non-tradables

into two components as detailed in the next section.?’

4 Higher Relative Productivity and Labor Market Frictions

Since the forces which shape the relative wage and relative price responses to an increase
in AT /AN determine the behavior of the unemployment rate differential between tradables
and non-tradables, we first explore their adjustment. We thus analytically break down the

relative wage and relative price effects in two components to shed some light on the trans-

28Differentiating u’ = ) w.r.t. the labor market tightness 6 and subtracting du” from du® leads

sJ

si4+m3 (67
to du” — du® = —ay [uT (1 —uT) 0T —uN (1 —uN) éN]

2When solving the steady-state, changes in the net foreign asset position and thus in net exports as
reflected by changes in vy x are assumed to be exogenous. Such a procedure allows us to isolate the effects
stemming from changes in the trade balance and hiring expenditure. The ratio vxx can be expressed in
terms of sectoral productivities by using the intertemporal solvency condition obtained by linearizing (21)
and invoking the intertemporal solvency condition.
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mission mechanism and investigate the implications of LMR and the state of the economy.3°
Then we extend this analysis to the unemployment rate differential between tradables and
non-tradables. The analytical tractability of our model allows us to characterize the tran-

sitional dynamics for sectoral unemployment rates by using phase diagrams.

4.1 Inspecting the Transmission Mechanism

Relative price. Equating demand (22) and supply (23)-(24) of tradables in terms of non-

tradables, leads to a relationship between the deviation in percentage of the relative price

from its initial steady-state and the productivity differential:3!

(1+0T)al — (1+eM)a din(1l—uyx)
(¢+0ON) (p+0N) -

p:

(25)

where we set

=Y (sj + 7“*)
Ui [(1—ay) (s7 +71%) + aymi]’

0 =¥ layw! +opy’], ¥ = (26)

in order to write expressions in a compact form; y/ = ﬁTWWH,j 97/ WIJ% stands for the share of
the surplus associated with a labor contract in the reservation wage and 7 is the elasticity
of 7 w.r.t. Z/. The elasticity ©/ of sectoral employment L’ w.r.t. the marginal revenue
of labor Z7 is a measure of the degree of labor mobility across sectors which captures both
the size of workers’ mobility costs and the extent of search frictions. In order to facilitate
the discussion, we assume that ©/ ~ ©.32 Under this assumption, (25) reduces to:

et =
where dIn (1 — vyx) =~ —duyx by using a first-order Taylor approximation.

Eq. (27) breaks down the relative price response into two components: a labor mar-
ket frictions effect and a labor accumulation effect. The first term on the RHS of (27)
corresponds to the labor market frictions effect. Through this channel, a productivity dif-

ferential appreciates p. The reason is that higher relative productivity of tradables raises

traded relative to non-traded output so that p must increase to clear the goods market.

(140)
(61o)- s

long as oy, < 0o, workers experience an intersectoral labor mobility cost so that the term ©

Importantly, the size of the relative price appreciation is given by the elasticity

39Tt compares the steady-state of the model before and after the increase in relative productivity of
tradables. Details of derivation can be found in a Technical Appendix.

31Totally differentiating the goods market equilibrium (22) yields: (QT — QN) = ¢p —dln(1 —onx).
Using the fact that u?f.é = Xjéj and totally differentiating the vacancy creation equation for sector j gives
the deviation in percentage of the sectoral labor market tightness from its initial steady-state, i.e., 67 =xIgd,
Totally differentiating the decision of search equation for sector j leads to V= O‘Lj\ + [avuj + aij] 6.
Substituting the former into the latter, differentiating the production function to eliminate I/, and using the
fact that Xij;{ = f:f:_‘fi at the steady-state, one obtains 7 = &’/ + ©727 where ©7 is given by (26). The
output differential along the labor market equilibrium is thus given by (QT — QN) = -0Vp+ (1 + @T) a’
(1 + eV ) a™. Combining the goods with the labor market equilibrium leads to (25).

32For the baseline calibration, while labor market parameters are allowed to vary across sectors O and
O~ are very similar if not identical. It is only when the firing costs are important that ©7 and @V differ
substantially.
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takes finite values. In this configuration, p is jointly determined by technological and de-
mand conditions. If the elasticity ¢ between traded and non-traded goods in consumption
is smaller than one, p must appreciate by more than the productivity differential to clear
the goods market.

The second term on the RHS of (27) reveals that higher relative productivity of tradables
also impinges on p by affecting the trade balance expressed as a share of traded output, i.e.,
vnx. More precisely, through the labor accumulation channel, higher relative productivity
of tradables increases vyx which exerts a negative impact on p by raising the demand
for tradables in the long-run. Intuitively, higher productivity, A7, raises the shadow value
of an additional worker 77 and thus induces firms in both sectors to hire more. Because
job vacancies, V7, is a jump variable, it overshoots on impact. Since hiring is a costly
activity and labor mobility costs amplify the rise in recruitment expenditure, a current
account deficit shows up in the short-run to finance the accelerated hiring process. For
the country to remain solvent, the deterioration in the net foreign asset position must be
offset by a steady-state increase in net exports. The improvement in the trade balance has
an expansionary effect on the demand for tradables which drives down p, regardless of the
value of the elasticity of substitution, ¢. This result echoes estimates by Lane and Milesi-
Ferretti [2004] who find that countries with a larger decline in the net foreign position have
more depreciated relative price of non-tradables.

To conclude, as long as the elasticity of labor supply takes finite values (i.e., o7, < 00),
we will have to determine numerically if the labor accumulation effect more than offsets
the labor market frictions effect when ¢ < 1 so that p < 1% following a 1% increase in the
relative productivity of tradables.

Relative wage. We now explore the long-run response of the relative wage of non-
tradables to a productivity differential. To do so, we first totally differentiate the vacancy
creation equation that we substitute into the Nash bargaining wage (18) expressed in rate

of change relative to the steady-state:3>

W = QI Qm—ffaWKl—mﬂ@“+“)+mﬂ

= Wi =) (9 + ) Fawmd] ~ (28)

where 27 = 47 and 2V = p+a”. Calculating & = @ —w? by using (28) and substituting

(25) yields the deviation in percentage of the relative wage from its initial steady-state:

T\ AT ~N
P P (1+0h)al +(p—1)a _gTaT +QNdln(1—UNX) (29)
(¢ +0N) p+O0N
33Totally differentiating (18) gives w’ = “‘V,VvijEJéJ + (1 —aw) X;/V_V;’y% 67. Inserting in the above equation

the vacancy creation equation expressed in percentage deviation from initial steady-state, i.e., 67 = >igd,
and using the fact that at the steady-state, x W3 = m’¢’ = mlaw ¥’ - ohe obtains (28).

s8I 4r*
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Assuming ©7 ~ © and 7 ~ Q) to facilitate the discussion implies that (29) reduces to:3*

(¢p—1) (a7
o+ 0

dln (1 —
o=— gy — 4ol ~ vnx)

610 (30)

According to (30), as long as workers experience a utility loss when shifting (i.e., assuming

o1, < 00), higher relative productivity of tradables impinges on w through two channels.

(¢—1) (a” —a"). Hence, through the la-

When keeping fixed vyx, (30) reduces to —£2 pawe)

bor market frictions channel, higher relative productivity increases w when ¢ < 1. With
an elasticity of substitution ¢ smaller than one, a productivity differential raises the share
of non-tradables which biases labor demand toward non-tradables and increases w in con-
tradiction with our empirical findings. Conversely, as captured by the second term on the
RHS of (30), a productivity differential also impinges on w through a labor accumulation
channel. More specifically, by raising the demand for traded goods, higher net exports
bias labor demand toward the traded sector and thus exert a negative impact on w. Since
the long-run change in w is the result of two opposite effects when ¢ < 1, we address this
ambiguity numerically later.

Elasticity of labor supply at the extensive margin. In our model o, plays a key
role in the determination of adjustment in w and p. When o5 = 0, labor mobility costs
are prohibitive so that the labor force is fixed in both sectors. As will be clear later when
discussing quantitative results, the absence of labor mobility across sectors reduces the like-
lihood that our model trustfully replicates our empirical findings. Conversely, when we let

oz, tend toward infinity, we have ©7 — oo so that workers are no longer subject to switching

costs. Applying 'Hopital’s rule, eq. (25) reduces to limy, oo p = (gﬁ’;fv al — dN). For the
baseline calibration, we find that lim,, ..op ~ @’ — a” as in the standard BS model. Re-
garding the relative wage, eq. (29) reduces to lim,, ,oow = — (QT — QN 221?;2) a’'. Such

an equality reflects the fact that even if mobility costs are absent, higher relative productiv-
ity of tradables may produce different sectoral wage responses because search parameters
vary across sectors. However, the quantitative analysis conducted in section 5 reveals that
X~ NV, 2T ~ 2N and O ~ QV (as long as firing costs are low); hence, when o7, — 0o,
we have @ ~ 0 so that standard search frictions are insufficient on their own to produce
significant long-run movements in w.

Search frictions. While search frictions cannot generate @ < 0, labor mobility costs
are not sufficient on their own either to account for the evidence. If we shut down search
frictions in egs. (27) and (30), © collapses to o7 and € reduces to 1 while the labor
accumulation channel vanishes since labor is no longer an asset that can be accumulated.
When ¢ < 1, only the labor market frictions channel is in effect so that p appreciates by
more than 1% and w increases, in contradiction with our evidence. As shown in the next

section, search frictions also play a critical role by affecting hiring costs.

34For the baseline scenario of our quantitative analysis, i.e., when calibrating to a typical OECD economy,
QT and QV are almost identical.
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4.2 Implications of LMR

We now explore the ability of our model to account for our empirical findings established in
section 2.4. While searching for a job is costly because it is time consuming, in a model with
search in the labor market, hiring is also a costly activity. By affecting the marginal benefit
of hiring, labor market institutions determine the elasticity of labor demand to productivity
gains and thus mitigate or amplify the wage differential caused by labor mobility costs. Be-
cause LMR influences the hiring process and the subsequent adjustment of sectoral output
to technology shocks, labor market policies also affect the relative price adjustment. Since
the transmission mechanism varies according to the type of LMR, we differentiate between
the firing cost on the one hand, the generosity of the unemployment benefit scheme and

the worker bargaining power on the other.

4.2.1 Higher Firing Tax

In our model, the strictness of legal protection against dismissals is captured by a firing
tax denoted by 27 paid to the State by the representative firm in the sector which reduces
employment. Productivity gains exert two opposite effects on labor L7. On the one hand,
by producing a positive wealth effect, as reflected by a fall in the shadow value of wealth A,
higher productivity drives down labor supply which exerts a negative impact on employment
(see eq. (9b)). On the other hand, by increasing the marginal revenue of labor, a rise in A7
induces firms to recruit more which pushes up employment. Because productivity gains are
biased toward the traded sector, hours worked increase in the traded sector while labor in
the non-traded sector declines. As non-traded establishments are shrinking, firms must pay
a firing cost on reducing employment. Thus, according to (14), higher productivity induces
non-traded firms to post more job vacancies but less so as the firing tax is increased because
the surplus from hiring rises by a smaller amount. Since hirings in the non-traded sector
are relatively less profitable in countries where the firing tax is higher, the labor market
tightness "V (and thus W) increases by a smaller amount.

When ¢ < 1, higher relative productivity of tradables increases the surplus of hirings in
the non-traded sector relative to that in the traded sector. Hence, the ratio of labor market
tightness (i.e., 7 /0N) falls, but less so as the firing cost is higher. Consequently, w increases
less through the labor market frictions effect. Since non-traded firms tend to recruit less in
countries where the firing tax is higher, labor and thus output of non-tradables increases
by a smaller amount so that p appreciates more.

A higher firing tax also curbs recruiting expenditure which mitigates the current account
deficit and thus the long-run increase in net exports. Hence, the labor accumulation channel
is somewhat moderated by the firing tax which mitigates the fall in w and p.

Analytically, in terms of (29), a higher firing tax (paid by non-traded firms) lowers

substantially the term Q% which is the elasticity of W to the marginal revenue of labor.
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When ¢ < 1, the term in braces in (29) is positive but smaller as the firing tax z is
increased. Regarding the relative price equation (25), a stricter employment legislation
against dismissals lowers ©" and thus amplifies the effect of higher AT /AN on p. Moreover,
as mentioned above, in countries where the firing tax is higher, net exports increase less
which mitigates the rise in vy x > 0 (see the second term in egs. (25) and (29)). Thus, the
firing tax moderates the labor accumulation effect and thus mitigates the negative impact
on p and w.

In sum, the larger appreciation in p along the labor market frictions channel and its
smaller depreciation through the labor accumulation channel implies that a higher firing
tax unambiguously amplifies the rise in p in line with our evidence. Conversely, the effect of
stricter EPL on the response of w is ambiguous since it mitigates its rise through the labor

market frictions channel and dampens its decline through the labor accumulation channel.

4.2.2 Higher Unemployment Benefits or Larger Worker Bargaining Power

In our framework, the generosity of the unemployment benefit scheme is captured by the
level of R7; unemployment benefits are assumed to be a fixed proportion p of the wage rate
Wi, ie., RI = pW/. Additionally, a higher worker bargaining power measured empirically
by the bargaining coverage is captured by the parameter ayy.

In contrast to a firing tax, raising ¢ or ayy leads to a larger long-run rise in net exports
and thus amplifies the decline in w and mitigates the appreciation in the relative price
through the labor accumulation channel. The reason is as follows. In countries where
unemployment benefits are more generous or the worker bargaining power is larger, there
are more job-seeking workers and less job vacancies, thus resulting in lower labor market
tightness 6/ in both sectors. Consequently, following higher productivity, firms are more
willing to recruit additional workers because hiring is more profitable as the probabilities
of fulfilling vacancies (f7) are much higher. Hence, the open economy experiences a larger
current account deficit along the transitional path which must be matched in the long-run
by a greater improvement in the balance of trade. The larger current account adjustment in
countries where labor markets are more regulated is in line with the evidence documented by
Ju et al. [2014]. By amplifying the rise in net exports and thus the demand for tradables,
higher relative productivity of tradables exerts a larger negative impact on w and p in
countries with a higher ¢ or a larger ay .

While a productivity differential lowers further w and p through higher net exports,
increased labor mobility tends to mitigate the impact of the trade balance. More precisely,
larger values of o, by reducing the expected cost of hiring (because the probability f7 is
higher), or higher values of ayy, by raising the marginal benefit of search, increase the
mobility of labor across sectors (captured by ©7). Because workers are more willing to

search for a job in countries with higher ayy or o, larger values of ©7 mitigate the negative
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impact of increased net exports on w and p.
Since it is found analytically that the three dimensions of LMR exert opposite effects on
the elasticity of w and p to a productivity differential, we conduct a quantitative analysis

in section 5.

4.3 State-Dependency

Whilst the elasticity of hiring w.r.t. to a productivity differential depends on LMR, it
also varies across stages of the business cycle. Because the surplus from hiring depends
on the level of labor productivity, a model with search frictions produces an asymmetry
in hiring between periods of expansion and recession which allows us to rationalize the
state-dependent effects we document empirically.

Intuitively, during a recession, as captured by a low labor productivity A7, there are
more unemployment workers and less job vacancies. This can be seen formally by using the

vacancy creation equation which equates the cost of hiring, i.e., k7 / f7 (Gj ), to the marginal

benefit of an additional worker to the firm, i.e., (ia_f:‘*/) Ui where W/ = = 4r*gd Ny <0—W1j%
is the overall surplus created by a successful match. As A7 takes smaller values, the surplus
UJ gets lower which reduces 67. Because it is easier to fulfill job vacancies (i.e., f7 increases),
hiring turns out to be more profitable during recessions. Thus, as in an economy with high
LMR, an increase in relative productivity of tradables further biases the demand for goods
and labor toward tradables through the labor accumulation channel. In the next section, we

calibrate the model to quantify the effects of a productivity differential when the economy

is in recession and contrast them when the economy is in expansion.

4.4 Effects on Sectoral Unemployment Rates

We now emphasize the implications of labor market frictions for unemployment effects of
higher relative productivity. Importantly, our framework is tractable enough to analyze the
adjustment of sectoral unemployment in the long- as well as the short-run.

We begin with the long-run effect of A7 /AN on the unemployment rate differential
between tradables and non-tradables. Setting L7 = 0 into (7) gives us the standard negative

relationship between the unemployment rate, v/, and labor market tightness, 67:

S 31
YT S i (03) (31)

The labor market steady-state in sector j =T, N is described by a decision of search- and

a vacancy creation-schedule (henceforth labelled DSj and V Cj), respectively:3

L= (1-w) (\wg/eh)™, (32a)
KJ B (1—aw) ..
e 520

Setting L) = 0 into (7) and £ =0 into (9b) leads to the DSj-schedule in sector j. Setting 47 = 0 into
(13b), and inserting W7 given by (18) leads to the V' Cj-schedule in sector j.
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where le% and U/ are the reservation wage and overall surplus from an additional job in
sector j. Egs. (31) and (32a) determine the DSj-schedule which is downward-sloping in
the (u’, L7)-space, as shown in Fig. 3. Intuitively, a rise in 6/ raises the probability of
finding a job and thereby the marginal benefit of search which increases L7 and lowers u’.
Egs. (31) and (32b) determine the V' Cj-schedule which is vertical in the traded sector (see
Fig. 3(a)) and upward-sloping in the non-traded sector (see Fig. 3(b)).3% Intuitively, a rise
in LV increases non-traded output and thereby exerts a downward pressure on p; because

N increases. Since the terms of

the marginal benefit of hiring falls, "V declines, and thus u
trade are fixed, a rise in L’ leaves u’ unaffected along the V CT-schedule.

The initial steady-state is at point Hg in Fig. 3 while the final steady-state is at H f LA
rise in A7 /AN produces a positive wealth effect which lowers labor supply and thus shifts
the DSj-schedule downward in sector j. At the same time, by raising the surplus from
hiring, higher A7 shifts the V Cj-schedule to the left. As firms recruit more, 7 increases
which lowers u/ in both sectors. Under certain conditions we detail below, the shift of the
V Cj-schedule to the left is larger in the traded sector which results in a greater decline in
u” than in u!.

Steady-State Effects. Using the fact that 67 = Y27 where %7 is given by (26),
totally differentiating (31) and inserting (27), subtracting du” from du’, the change in the
unemployment rate differential between tradables and non-tradables reads as:

du? — du™ = —ayu (1 —u) X [@;é) (a¥ —a) - W : (33)

where we assume that search parameters are such that ©7 ~ ©, v/ ~ u, ¥/ ~ ¥ to facilitate

the discussion. When we let o5, — 00, the term © tends toward infinity as well so that the

unemployment rate differential remains unchanged.?” Intuitively, when job search costs are

T N

absent, p appreciates by the same amount as a* —a" so that the marginal revenue of labor
and thus labor market tightness rises evenly across sectors.

As captured by the first term on the RHS of (33), if ¢ < 1, higher AT/AN lowers
u” less than u!, i.e., dul — du®™ > 0, through the labor market frictions channel. The
second term on the RHS of (33) reveals that the long-run improvement in the balance of
trade drives down the unemployment rate differential, i.e., du” — du® < 0, through the

labor accumulation channel. Whilst numerical results discussed in the next section show

36Totally differentiating (31) and (32a) leads to DS’-schedule in the (u?, L?)-space, i.c., %hj:o =

< 0. Totally differentiating (31) and (32b) leads to the V' C7-schedule in the (u’, L7)-space,

B [avuy+gLXj]
av(lfuj)
(1—ay )W +xI W

. dln L7 _ R = _— 9=J J
ie., G5 ‘9'.7':0 = ()= o > 0 where = ; = 0=7 /0L’ < 0.

3TWhen we let search parameters vary across sectors and o, tend toward infinity, the unemployment rate
differential reduces to:
lim (duT — duN> = —ay [uT <1 — uT) wT Wy <1 — uN> EN} dT,
o, —00
where we used the fact that limes, oo p = aT —a"N. The term in brackets on the RHS of the above equation
is merely positive for the baseline calibration.
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that the latter channel predominates, LMR should amplify the decline in u” relative to
uV. Intuitively, in countries where the worker bargaining power is higher or unemployment
benefits are more generous, net exports and thus the demand for tradables increases more
which further raises #7 through the labor accumulation channel. In addition, as EPL
becomes more stringent, 67V increases less though the labor market frictions channel.

Short-Run Effects. The dynamic effects of a productivity differential on u/ are de-
picted in Fig. 3(a) and Fig. 3(b). The stable branch labelled X7 is downward-sloping
and flatter than the DSj-schedule. Along the stable transitional path, L’ and «/ vary in
opposite direction. Because labor is a state variable, L7 remains unchanged on impact.
On the contrary, U7, is a control variable which falls sharply on impact since the positive
wealth effect encourages agents to reduce time devoted to job search. Thus both u” and
uV decrease at time ¢ = 0. Graphically, the economy jumps initially at H7".

As can be seen in Fig. 3(b), u®

overshoots its new steady-state level and thus declines
more on impact than u”. Intuitively, while the positive wealth effect lowers U7 in both
sectors, higher AT /AN mitigates the decline in u’ by exerting a positive impact on the
marginal benefit of search. The adjustment in L’ along the transitional path reverses
this outcome though since productivity gains are biased toward the traded sector. As
employment builds up in the traded sector, thus lowering u” along the stable path, the
gradual decrease in LY raises uV. In the long-run, higher A” /AN lowers the unemployment
rate differential, i.e., du” — du® < 0, as long as the labor accumulation channel more than

offsets the labor market frictions channel.

< Please insert Figure 3 about here >

5 Quantitative Analysis

In this section, we analyze the effects of a labor productivity differential between trad-
ables and non-tradables quantitatively. For this purpose we solve the model numerically.3®

Therefore, first we discuss parameter values before turning to the quantitative analysis.

5.1 Calibration

We first calibrate the model to a representative OECD country and investigate whether
the model can account for the evidence we document empirically when one parameter at a
time is modified. Later, we move a step further and calibrate the model to country-specific
data and explore whether the model can rationalize our empirical findings once we let all
parameters of interest vary across countries. To calibrate our model, we estimated a set of
parameters so that the initial steady-state is consistent with the key empirical properties

of a representative OECD economy. Our sample covers the eighteen OECD economies in

38Technically, the assumption = r* requires the joint determination of the transition and the steady
state.

29



our dataset. Since we calibrate a two-sector model with labor market frictions, we pay
particular attention to match the labor market differences between the two sectors. To
do so, we carefully estimate a set of sectoral labor market parameters shown in Table 6
in Online Appendix C.3.3% Because we consider an open economy setup with traded and
non-traded goods, we calculate the non-tradable content of employment, consumption, and
government spending, and the productivity in tradables in terms of non-tradables, for all
countries in our sample, as summarized in Table 4 in Online Appendix C.1. Our reference
period for the calibration of the non-tradable share given in Table 4 is running from 1990
to 2007 while labor market parameters have been computed over various periods due to
data availability. To capture the key properties a typical OECD economy which is chosen
as the baseline scenario, we take unweighed average values shown in the last line of Tables
4 and 6. Some of the values of parameters can be taken directly from the data, but others
like T, KV, XT, XN (N o together with initial conditions (Bo, L{, L{), need to be
endogenously calibrated to fit a set of labor market and non-tradable content features.*C
We choose the model period to be one month and therefore set the world interest rate, r*,
which is equal to the subjective time discount rate, 3, to 0.4%.

We start with the values of the labor market parameters which are chosen so as to
match a typical OECD economy. We set the matching efficiency in the traded (non-traded)
sector X7 (X™V) so as to target a monthly job finding rate m” (m'V) of 17.4% (17.0%). In
accordance with estimates shown in the last line of column 6 (column 8) of Table 6, the job
destruction rate s (s"V) in the traded (non-traded) sector is set to 1.48% (1.54%), which
together with the job finding rate m” (m”) leads to an unemployment rate u” (uV) of
7.9% (8.3%). We obtain an overall unemployment rate u of 8.1%. We choose the recruiting
cost kT and k!, respectively, to target the labor market tightness 87 = 0.24 and 8" = 0.34
displayed by the last line of columns 10 and 11 of Table 6. The share of recruiting costs in
GDP is 2.3%.

Unemployment benefit replacement rates and the firing cost shown in the latter two
columns of Table 6 correspond to averages over 1980-2007 (except Korea: 2001-2007) and
1980-2005, respectively. The unemployment benefits replacement rate, ¢, has been set
to 52.4%. To calibrate the firing cost, we take data from FRDB-IMF Labor Institutions
Database [2010]; we add the advance notice and the severance payment which are averages
after 4 and 20 years of employment. Since the advance notice and the severance payment

are both expressed in monthly salary equivalents, we have z/ = 7W/ with 7 > 0. For the

39To calibrate the labor market for the traded and the non-traded sector, we need to estimate the job
finding and the job destruction rate for each sector. To do so, we apply the methodology developed by
Shimer [2012].

40As detailed in Online Appendix I, the steady-state can be reduced to seven equations which jointly
determine 87, 0N, m®™, m™, LT /L (and thus L /L), P (and thus ac), B (and thus vyx). Among the
20 parameters that the model contains, 14 have empirical counterparts while the remaining 6 parameters,
e, kT, kKN, XT XN (N, ¢, together with initial conditions (B, LT, L[I)V) must be set in order to match
0T, 60N, mT m~N, LN /L, ac, vnx.
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baseline calibration, we set the firing tax 7 to 4.2. We model firing costs as a tax that firms
have to pay to the State when their employment levels decline, i.e., if L7 < 0. As mentioned
previously, because traded employment monotonically increases while the non-traded sector
reduces continuously employment following a productivity differential, only the non-traded
sector is subject to the firing tax, i.e., 2V > 0 and 2T = 0.

Using U.S. data, Barnichon [2012] reports an elasticity of the matching function with
respect to unemployed workers of about 0.6, an estimate which lies in the middle of the
plausible range reported by Petrongolo and Pissarides [2001]. Hence, we set 1 — ay to
0.6. As it is common in the literature, we impose the Hosios condition, and set the worker
bargaining power aypy to 0.6 in the baseline scenario.

Next, we turn to the elasticity of labor supply at the extensive margin which is assumed
to be symmetric across sectors. Using data from the PSID, Fiorito and Zanella [2012] find
that aggregate time-series results deliver an extensive margin elasticity in the range of 0.8-
1.4, which is substantially larger than the corresponding estimate (i.e., 0.2-0.3) reported by
Chetty et al. [2011]. We choose a value for o, of 0.6 which is halfway between these two
sets of findings in our baseline setting but conduct a sensitivity analysis with respect to
this parameter.*! Furthermore, in order to target a non-tradable content of labor of 66%
which corresponds to the 18 OECD countries’ unweighted average shown in the last line of
Table 4, we normalize ¢T to 1 and choose a value for ¢V that parametrizes the disutility
from working and searching for a job in the non-traded sector, of 0.18 (see eq. (5)).

We now turn to the calibration of consumption-side parameters. Building on our panel
data estimations, we set the elasticity of substitution between between traded and non-
traded goods to 0.8.42 The weight of consumption in non-tradables 1 — ¢ is set to 0.44
to target a non-tradable content in total consumption expenditure (i.e., a¢) of 42%, in
line with the our estimates for the whole sample shown in the last line of Table 4. The
intertemporal elasticity of substitution for consumption o¢ is set to 1.

For calibration purposes, we introduce government spending on traded and non-traded
goods in the setup. We set GV and G so as to yield a non-tradable share of government
spending of 90%, and government spending as a share of GDP of 20%.%3 We assume that,
in the initial steady-state, net exports are nil and thus choose initial conditions (Bj, LOT,
Lév) in order to target vyx = 0.

Because we find empirically that the stage of the business cycle matters in determining

the effects of a higher relative productivity of tradables, we also calibrate the model to data

41Blundell, Bozio and Laroque [2011] estimate an elasticity of labor supply at the extensive margin of 0.34
for women and 0.25 for men on U.K. data. Using Japanese data, Kuroda and Yamamoto [2008] report a
Frisch elasticity on the extensive margin which falls in the range of 0.6 to 0.8 for both sexes. Mustre-del-Rio
[2015] finds a value of 0.71 for the responsiveness of labor at the extensive margin which varies between 0.18
for men and and 1.46 women.

42In Online Appendix C.2, we describe the empirical strategy to estimate ¢. Last column of Table 4
reports estimates of ¢ for each country and the whole sample (equal to 0.8).

**Eq. (19) can be rewritten as follows: 3z . max {O, —Lj} +T = (R"U" + RNU™) + G" + PGV
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when the economy is in recession or in expansion. We proceed as follows. We calculate the
output gap for each country in our sample over 1970-2007 (except Japan: 1974-2007). Then
we multiply the average duration of a cycle by the average output gap for each country to
calculate the cumulated output loss in recession or output gain in expansion; we consider
the situation of an economy in the middle of the cycle and thus the cumulated output
gap is halved. Next, we map the cumulated output gain or loss into an unemployment
gap by using estimates of Okun’s law provided by Ball et al. [2017] for each country in
our sample. The rise in unemployment relative to trend following a 1 ppt increase in the
output gap is 0.42 on average. Using this value, we find that the cumulated increase in the
unemployment rate relative to trend after about 2 years is 1.4 ppt in recessions whilst its
cumulated decline is 1.2 ppt in expansions. Since the trend unemployment rate is 8.1%, we
choose initial values for sectoral labor productivity, A7, so that the unemployment rate of
a representative OECD economy is 9.5% in recessions and 6.9% in expansions. We modify
sectoral labor productivity so that the ratio AT /A" is unchanged at 1.28.

We consider a permanent increase in the productivity index A7 of both sectors biased
towards the traded sector so that the labor productivity differential between tradables and
non-tradables, i.e., a’ — av, is 1%. While in our baseline calibration we set o7, = 0.6,
aw = 0.6, o = 0.524, 7 = 4.2, we conduct a sensitivity analysis with respect to these four
parameters by setting alternatively: o, to 0o, 0, 0.16 and 1.22, ay to 0.9, p to 0.782, and 7
to 13.% Finally, in the last two columns of Table 3, we compare the results for an economy

in recession with those obtained when the economy is in expansion.

5.2 Results

We now assess the ability of the model to account for our empirical findings according to
which a 1% permanent increase in A7 /AN lowers the relative wage (by 0.22%), appreciates
the relative price (by 0.64%), and lowers u” relative to ™ (by 0.034 ppt). We also investi-
gate the implications of the three dimensions of LMR for the effects of higher A7 /AN and
contrast the effects across stages of the business cycle.

The responses of w, p, and the unemployment differential computed numerically are
summarized in Table 3. Panels A and B of Table 3 report the long-run changes for w and
p, respectively, expressed as a percentage while panel C gives the change in unemployment
differential in percentage point of the labor force. For comparison purposes, column 1
summarizes our empirical evidence for the whole sample. The numbers reported in the first
line of each panel give the (overall) responses of these variables to a” — a’V = 1%.

Mapping theoretical results into empirical estimates. Before discussing quan-

44 We let o, vary between 0.16 and 1.22 as these values are those which allow the model to replicate the
increase in 3 from -0.32 to -0.15 as shown in Figure 1(a). When conducting the sensitivity analysis, we
raise o from 52.4% to 78.2% and 7 from 4.2 to 13, which correspond to the highest value in our sample of
countries for the replacement rate and the firing cost, respectively.
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titative results, we relate our analytical results to the elasticity of z = w,p,u” — "V with
respect to the productivity differential, i.e., 3, v, and o, which are estimated empirically
(see eq. (1)). When search frictions are similar across sectors, the long-run responses of
p, w, ul —u" reduce to (27), (30), (33), respectively. In this configuration, there exists a
direct mapping between analytical expressions of &Td%w, and empirical estimates of v, 3,
o, respectively. In contrast, when search frictions vary across sectors, we have to correct
for the inherent discrepancy between theoretical and empirical values. This discrepancy
originates from sector-varying ©’ and €/ which makes the theoretical elasticity of z w.r.t.
AT /AN different. To map the deviation in percentage of z from its initial steady-state into
elasticity estimated empirically, we need to adjust numerically computed values with a term
that captures the extent to which search frictions vary across sectors. Once the discrepancy
is accounted for, we are able to relate v, (3, and o estimated empirically to their analytical
counterpart. Whilst Online Appendix D shows analytical expressions adjusted with the
bias originating from sector-varying search frictions, the last line of each panel of Table 3
displays the size of the bias which remains low if not insignificant.

No mobility costs. In our model, labor market frictions vary along two dimensions. If
we abstract from hiring costs, i.e., if we set x/ = 0, and shut down labor mobility costs, i.e.,
if we let o, — o0, the model reduces to the standard BS model without unemployment. In
this situation, a productivity differential of 1% appreciates p by 1% while © = 0. In column
3 of Table 3, we consider the responses when we shut down labor mobility costs, i.e., setting
or, — oo, while still considering search frictions. As it clearly stands out, standard search
frictions are not sufficient on their own to account for the evidence.

With mobility costs. Numerical results summarized in column 2 show that when
calibrating to a typical OECD economy, a model with labor market frictions can produce
a decline in w, a less than proportional increase in p, and a fall in w’ which is more

N as found in the data. To shed light on the transmission mechanism of

pronounced than u
higher relative productivity in a model with labor market frictions, we numerically break
down the responses into two components: a labor market frictions channel stemming from
the change in the share of non-tradables and a labor accumulation channel triggered by the
accelerated hiring process which increases the share of tradables in the long-run.

As shown in the second line of panels A and B, a 1% increase in the relative productivity
of tradables raises w by 0.11% and appreciates p by 1.15% through the labor market frictions
effect. Because inflation in non-tradables more than offsets the productivity differential,
u” —u" increases. Intuitively, when ¢ < 1, traded and non-traded goods are complements
in consumption so that p appreciates by more than the productivity differential. As a result,
higher relative productivity of tradables raises the share of non-tradables into expenditure
which biases labor demand toward the non-traded sector, thus resulting in an increase in

wand uT — u¥.
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As shown in the third line of panels A, B, C, the labor accumulation effect counteracts
the labor market frictions effect. More specifically, higher AT /AN also raises net exports
which has an expansionary effect on hiring in the traded sector, thus driving down w by
0.34% and lowering u” relative to u" by 0.023 ppt. Higher demand for tradables also
depreciates p by 0.36%. Importantly, the labor accumulation effect more than offsets the
labor market frictions effect so that w declines by 0.22%, u” relative to uN falls by 0.011
ppt, whilst p appreciates by 0.78%, as summarized in the first line of panels A, C, and B,
respectively.

Our model with search in the labor market and an endogenous sectoral labor force par-
ticipation sheds light on three sets of factors influencing the mobility of labor across sectors
and thus the responses of w, p, and the unemployment differential to higher relative pro-
ductivity of tradables: the workers’ mobility cost reflected by a utility loss when increasing
the search intensity for a job in one sector (as captured by o), labor market institutions
(captured by ayw, o, 7), and the state of the economy in the business cycle (as captured by
the initial value of A7).

Role of labor supply at the extensive margin. As we move from column 4 to
column 6, the elasticity of labor supply at the extensive margin o, is raised from zero to
1.22. Column 4 of panels A, B, and C of Table 3 shows numerical results if labor is totally
immobile across sectors as captured by setting oy, = 0. In this configuration, the labor
force is fixed in both sectors because the mobility cost is prohibitive. Since the decision of
search is inelastic to the sectoral wage, w falls by 0.48% instead of 0.22% in the baseline
scenario. Hence, such a polar case tends to substantially overstate the decline in w and thus
confirms the pivotal role of an endogenous labor force participation decision. As shown,
in columns 5 and 6 of panels A and B of Table 3, raising o, from 0.16 to 1.22 lowers the
utility loss induced by the shift from one sector to another which in turn moderates the
decline in w from -0.32 to -0.15, respectively, these values corresponding to the lowest and
highest elasticity of the relative wage w.r.t. relative productivity estimated empirically
in rolling sub-samples (see Figure 1(a)). As the mobility cost is lowered, p appreciates
more because demand is less biased toward traded goods which mitigates the decline in the
unemployment differential. Because Fiorito and Zanella [2012] find larger values than 0.6
for o, in Online Appendix H we re-calibrate our model by choosing o7, = 1 or o, = 3. We
find that our conclusions remain unchanged although the decline in w is less pronounced
and the appreciation in p is amplified.

Implications of higher unemployment benefits and worker bargaining power.
Scenarios summarized in columns 7 and 8 of Table 3 show that, in line with our evidence,
raising the worker bargaining power ajy or the unemployment benefit replacement rate p
mitigates the appreciation in p from 0.78% to 0.74% and 0.70%, respectively, as shown in

the first line of panel B, because the demand for traded goods increases more which further
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depreciates p through the labor accumulation channel. By tilting labor demand toward
the traded sector, LMR also amplifies the decline in w from 0.22% to 0.26% and 0.29%,
respectively, in accordance with our evidence. Finally, the first line of panel C reveals that

T — 4N is twofold when ayy is higher and fourfold when o takes higher

the decline in u
values, respectively.

Implications of higher firing costs. Column 9 of Table 3 gives results when the firing
cost, 7, is about three times larger than in the baseline scenario. In accordance with our
empirical findings, raising 7 drives down further both w and the unemployment differential.
Intuitively the firing cost curbs the expansionary effect of higher productivity gains on
hiring by non-traded firms and thus further biases labor demand toward the traded sector.
Moreover, as shown in the first line of panel B, countries with stringent legal protection
against dismissals also experience a larger appreciation in p which squares well with our
estimates. Quantitatively, we may notice that the differences produced by increasing the
firing cost are quantitatively small, in accordance with our evidence.

Implications of the state in the business cycle. In columns 10 and 11, we compare
the responses of a representative OECD economy with high and low unemployment. As can
be seen in panel A and C, an increase in relative productivity lowers w and u” — u” more
because the elasticity of hiring to a productivity differential is amplified when the economy
is in recession. Panel B also shows that non-tradable inflation is reduced from 0.79% in
expansion to 0.76% in recession.

Robustness to the definition of hiring costs. In the baseline model, we assume
that the cost per job vacancy is expressed in terms of the traded good (column 2). In
column 12 of Table 3, we investigate the robustness of our results to alternatively assuming
that the cost per job vacancy paid by traded and non-traded firms is expressed in terms of
the non-traded good. Since the cost per job vacancy, i.e., P(t)x/, depends on the relative
price of non-tradables, an appreciation in p increases the hiring cost. Contrasting numerical
results shown in column 2 with those in column 12 reveals that our results are robust to
the definition of hiring costs although p appreciates more while w declines less because the
labor accumulation channel is mitigated. Intuitively, while higher relative productivity of
tradables leads both sectors to recruit more, the rise in the cost per job vacancy brought
about by the appreciation in p mitigates hirings and thus recruitment expenditure. Since
the current account deficit is lower along the transitional path, net exports increase by a
smaller amount in the long-run so that demand is less biased toward tradables. Because
productivity gains which favor hirings are concentrated in the traded sector, traded firms
are disproportionately affected by the rise in the hiring cost, thus resulting in a moderate
decline in the unemployment differential between tradables and non-tradables (see panel
C). In Online Appendix G, we also explore the robustness of our results by alternatively

considering that the cost per job vacancy in the non-traded (traded) sector is expressed in
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terms of the non-traded (traded) good and find that all of our conclusions in the main text
hold.

< Please insert Table 3 about here >

5.3 Time-Varying Effects of Higher Relative Productivity

According to the evidence documented in subsection 2.3, the effects of a productivity dif-
ferential increase over time. While our evidence points the role of time-declining labor
mobility costs, we further explore this hypothesis below.

To perform this exercise, we calibrate the model to a representative OECD economy
except that we let the three dimensions of LMR vary over time and consider a decline in
labor mobility costs in order to account for the rise in the elasticity of the relative wage, (3,
we estimate empirically. More specifically, we set the working bargaining power, ayy, to the
bargaining coverage by using time series from the ICTWSS database (Visser [2009]).45 To
calibrate the firing cost, we take data from FRDB-IMF Labor Institutions Database [2010]

and set the firing tax 7 in monthly salary equivalents.*6

We also let the unemployment
benefit replacement rate (i.e., g) vary across time, see subsection 2.4 for details about data.

While the values of parameters which captured the extent of LMR are taken from the
data, oy, is set to replicate the elasticity of the relative wage to a productivity differential
(i.e., B) we estimate empirically for each year over the period 1990-2007 which is displayed
by the solid blue line with circles in Fig. 4(a). Next we contrast empirical estimates (shown
by the blue line) with model’s predictions when we let both LMR and oy, vary across time,
as shown by the black line with triangles, and alternatively when we shut down LMR and
increase o7, as shown in the red line.*” Because the black and the red lines can be merely
distinguished, time-declining labor costs alone caused by the rise in o7, from 0.16 to 1.22
can account for time-increasing effects of a productivity differential. Regarding the relative
price (see Fig. 4(b)), whilst the model is able to produce the rise in v over the nineties,

it somewhat misses the fall in v starting from 2003.4%

Finally, as can be seen in Fig.
4(c), time-increasing oy, can account for the rise in the elasticity o of the unemployment
differential w.r.t. relative productivity.

< Please insert Figure 4 about here >

< Please insert Figure 5 about here >

15We exclude a few countries because data were missing which leaves us with 12 countries. The collective
bargaining coverage averages 60.7%, which corresponds roughly to the value we set for ay when we calibrate
the model to a representative OECD economy; the bargaining coverage declines from 65% in 1990 to about
57% in 2007.

46Gince time series stop in 2005 for all countries in our sample, we set 7 in 2006 and 2007 to its 2005 value.

4TParameters aw, o, and T are set to their average values, i.e., 0.6, 0.52, 4.2, respectively, to plot the red
line.

“8The decline in ~ in 2000’s could be attributed to pro-competitive policies implemented by European
countries which have targeted especially non-traded industries.
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5.4 Cross-Country Effects and LMR

We now move a step further by calibrating our model to country-specific data and assess
the ability of our model to account for the negative relationship between the size of the
effects of a productivity differential and LMR. We use the same baseline calibration for
each economy, except for the elasticity of substitution ¢ between traded and non-traded
goods, and labor market parameters which are allowed to vary across countries. More
specifically, ¢ is set in accordance with its estimates shown in the last column of Table
4. The parameters which capture the degree of LMR such as the firing cost, 7, and the
replacement rate, o, are set to their values shown in the latter two columns of Table 6. The
matching efficiency X7 in sector j = T, N is set to target the job finding rate m/ shown by
columns 5 and 7 of Table 6. The job destruction rate in sector j, s’, is set in accordance
with its value reported in columns 6 and 8 of Table 6. The costs per job vacancy ! and
kN are chosen to target the aggregate labor market tightness # shown in column 13 and the
ratio of sectoral labor market tightness 87 /0" obtained by dividing column 10 by column
11.49

N respectively,

In Figure 5, we plot numerically computed elasticity of w, p and u! — u
against our measure of LMR which encompasses the extent of the worker bargaining power,
the generosity of the unemployment benefit scheme and the strictness of legal protection
against dismissals. Despite the wide dispersion in the responses of w and p, the trend line
in Figure 5(a) and 5(b) reveals that the w falls more and p appreciates less in countries with
more regulated labor markets. An additional major implication of our two-sector model
with search frictions is that higher relative productivity leads to a decline in v — u. As

N remains insignificant in English-

can be seen in Figure 5(c), the decline in u’ relative to u
speaking countries where LMR is low but remains substantial in Belgium, Denmark, France,

Germany, Spain where du’ — du® varies from —0.061 to —0.022 ppt.

6 Conclusion

The literature exploring the long-run effects of a productivity differential between tradables
and non-tradables on the relative price of non-tradables commonly assumes frictionless
labor markets. In this paper, we differentiate between labor mobility and hiring costs to
account for the effects of higher productivity of tradables relative to non-tradables which
appear to vary across time, space and stages of the business cycle. Our first set of evidence
suggests the presence of time-declining labor mobility costs which mitigate the sectoral wage

differential and amplify the appreciation in the relative price over time. Our second set of

491deally, the recruiting cost x7 would be set in order to target #7; however, the series for job vacancies
by economic activity are available for a maximum of seven years and for a limited number of countries. On
the contrary, the OECD provides data for job openings (for the whole economy) over the period 1980-2007
allowing us to calculate the labor market tightness, i.e., 8 = V/U, for several countries that we target along
with the ratio 87 /8" by choosing x” and ™.
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evidence reveals that hiring costs matter in determining the variations of the effects across
countries and across stages of the business cycle. More specifically, we find that the relative
wage of non-tradables falls more and the relative price of non-tradables appreciates less in
countries where LMR is higher. When we differentiate the effects between recessions and
expansions, we find empirically that the decline in the relative wage is more pronounced
during a recession while the increase in the relative price is less. Since unemployment
emerges naturally in an economy with search frictions, we also investigate empirically the
effect on the unemployment differential between tradables and non-tradables. Our third
set of evidence shows that the decline in the unemployment differential caused by higher
relative productivity turns out to be less pronounced over time, and appears to be more
pronounced in countries where labor markets are more regulated or during recessions.

To account for the evidence, we develop a two-sector open economy model with search
in the labor market and an endogenous sectoral labor force participation decision. As
in Alvarez and Shimer [2011], workers cannot reallocate hours worked from one sector to
another without searching for a job in this sector. Because such an activity is costly in utility
terms, workers experience a switching cost which varies with the elasticity of labor supply at
the extensive margin. We find analytically that two sets of parameters play a pivotal role in
the determination of the relative wage and relative price responses to higher productivity in
tradables relative to non-tradables: i) preference parameters such as the elasticity of labor
supply at the extensive margin and the elasticity of substitution in consumption between
tradables and non-tradables, ii) parameters capturing labor market institutions such as the
firing tax, the unemployment benefit replacement rate and the worker bargaining power.

Our quantitative analysis indicates that, regardless of the value of the elasticity of sub-
stitution between tradables and non-tradables, when the elasticity of labor at the extensive
margin falls within the range of values documented by the empirical literature, our model
can account for the fall in the relative wage and the greater decline in the unemployment
rate of tradables relative to that of non-tradables along with the less than proportional ap-
preciation in the relative price. On the contrary, the situations of total immobility or perfect
mobility of labor across sectors that emerge as special cases cannot account for the evidence.
When we control for the variations of LMR across time, we find that time-declining labor
mobility costs are responsible for the time-increasing effects of higher relative productivity
we document empirically.

While labor mobility costs create an asymmetry in the sector adjustment, hiring costs
which emerge naturally in a model with search frictions play a key role in amplifying or
mitigating this asymmetry. In line with the evidence aforementioned, our numerical results
show that the variations of hiring costs across stages of the business cycle can account for
state-dependent effects of a productivity differential. When we let labor market policies

vary across countries, we find that international differences in LMR can rationalize cross-
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country effects of a productivity differential.
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Figure 1: Plot of Estimates of 3, +, and ¢ in Rolling Sub-Samples against Intersectoral
Labor Reallocation Notes: We estimate 3, v, o, and the effect of higher relative productivity on labor reallocation
across sectors by running regression (1) in rolling sub-samples. The first row of Figure 1 plots FMOLS estimates for
the response of the relative wage to a rise in the relative productivity of tradables (shown in the solid black line)
against the intersectoral labor reallocation caused by higher relative productivity (shown in the dotted black line).
The first two panels in the second row of Figure 1 plot FMOLS estimates for the response of the relative price to a
rise in the relative productivity of tradables (shown in the solid black line) against the intersectoral labor reallocation
caused by higher relative productivity (shown in the dotted black line). Sample: 18 OECD countries, 1970-2007.
Figure 1(e) plots the estimated response of the unemployment rate differential to higher relative productivity (shown
in the solid black line) against the intersectoral labor reallocation caused by higher relative productivity (shown in
the dotted black line). Sample: 10 OECD countries, 1987-2007.

Table 1: Panel Cointegration FMOLS Estimates of § and  for the Whole and Sub-Samples

Whole Split-Sample: LMR Split-Sample: Business Cycle
Sample 0 BargCov EPLygj LMR Output Gap | Unempl. Gap
(1) (2) (3) (4) (5) (6) (7)
A.Relative Wage
[l . —0.255% —0.238¢ —0.172¢ —0.173% —0.289¢ —0.242¢
—0.223 (0.014) (0.012) (0.010) (0.010) (0.028) (0.010)
B (0.008) —0.166" —0.185% —0.130* —0.112% —0.215% —0.219*
(0.010) (0.012) (0.015) (0.017) (0.008) (0.010)
18" = BgH) (1(B8) = 0) 0.000 0.000 0.000 0.011 0.000 0.039 0.246
B.Relative Price
+ 0.776% 0.566" 0.414¢ 0.186° 0.581¢ 0.630¢
0.636% (0.123) (0.069) (0.115) (0.111) (0.075) (0.019)
~E (0.013) 1.037% 1.273% 0.236" 0.524% 0.638* 0.631*
(0.087) (0.144) (0.115) (0.132) (0.013) (0.013)
t(AE = 4" (t(¥) = 1) 0.000 0.000 0.000 0.987 0.000 0.522 0.992
Time period 1970-2007 || 1970-2007 | 1970-2007 | 1985-2007 | 1985-2007 1971-2007 1971-2007
Observations 680 642 642 414 390 437 609
Countries 18 17 17 18 17 18 18
mean LMR /unemp gap (high) — 0.609 0.864 2.280 1.376 -0.015 +0.94 ppt
mean LMR /unemp gap (low) — 0.391 0.491 1.296 -0.512 +0.013 -0.87 ppt

Notes: ¢, ® and ¢ denote significance at 1%, 5% and 10% levels. Heteroskedasticity and autocorrelation consistent standard
errors are reported in parentheses. Column 1 shows estimates for the full sample by running regression shown in eq. (1).
The third row of panel A and B (i.e., t(8) = 0 and ¢(3) = 1) reports the p-value of the test of Ho : 8 =0 and Hg : v = 1,
respectively. In the last six columns, we report estimates when we explore empirically eq. (3). From column 2 to 5,
we investigate whether LMR influences the responses of the relative wage, (3, and the relative price, v, to a productivity
differential. We split the sample of 18 OECD countries into two sub-samples, based on the median of the sample, and
run regression (3) for the group of countries with high and low LMR; 8% (8%) and v (%) capture the responses of
the relative wage and the relative price, respectively, in countries with high (low) LMR. The last two columns show the
responses of w and p across stages of the business cycle. The state of the economy is measured by means of the output gap
(column 6) or alternatively by using the unemployment gap (column 7); 8 and v (3L and ~%) refers to the responses
of the relative wage and the relative price, respectively, when the economy displays high (low) unemployment, i.e. during
a recession (expansion). The third row of panel A and B (i.e., t(3L = gH), t(4% = 4H)) reports the p-value of the test
of Hp : ,@L = BH and AL = AH | respectively. ’o’ is the unemployment benefits replacement rate, "EPLgg;" the strictness
of employment protection against dismissals adjusted with the share of permanent workers, 'BargCov’ is the bargaining
coverage, 'LMR’ refers to the LMR index obtained by using a principal component analysis.
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Figure 2: Labor Market Indicators over Time Notes: Figure 2 plots three indicators. The solid black
line shows the OECD countries’ average of the collective bargaining coverage which gives the proportion of employees
covered by collective bargaining. Data are taken from the ICTWSS database (Visser [2009]). We use a linear
interpolation to replace missing data between two dates. The dotted blue line shows the OECD countries’ average
of the unemployment benefit replacement rate. Data are taken from the Benefits and Wages database provided by
the OECD which calculates the average of the net unemployment benefit for three durations of unemployment (1st
year, 2nd and 3rd year, 4th and 5th year). Because data for Korea are not available before 2002 for the bargaining
coverage and 2001 for the replacement rate, we exclude this country from the sample to calculate the mean of these
two indicators. The dashed red line shows the OECD countries’ average of the employment protection legislation
index for regular workers adjusted with the share of permanent workers in the economy. Source: OECD.

Table 2: Panel OLS Estimates of o for the Whole and Sub-Samples

Whole sample Split-Sample: LMR Split-Sample: Business Cycle
No control ~ With controls | No control ~ With controls | Output gap ~ Unempl. gap

(1) 2) 3) (4) (5) (6)

o —0.036¢ —0.041¢ —0.052 —0.043°
—0.034% —0.037¢ (0.020) (0.021) (0.055) (0.018)
ol (0.013) (0.014) —0.033¢ —0.032¢ —0.034¢ —0.026
(0.018) (0.019) (0.019) (0.033)
Obs. 164 164 164 164 109 140
Countries 14 14 14 14 11 11

Notes: all regressions include country fixed effects. ¢, ? and ¢ denote significance at 1%, 5% and 10% levels. Heteroskedastic-
ity and autocorrelation consistent standard errors are reported in parentheses. The table reports panel OLS estimates of eq.
(1) expressed in variations, i.e., we run the regression of the change in unemployment differential between tradables and non
tradables on the productivity growth differential. The first two columns show results for the full sample with no controls and
two controls (i.e., EPLgg; the strictness of employment protection against dismissals adjusted with the share of permanent
workers, and p the unemployment benefits replacement rate), respectively. In the last four columns, we report estimates
when we explore empirically eq. (3) in variation. In columns 3 and 4, we split the sample of 14 OECD countries into two
sub-samples on the basis of the mean sample of the labor market regulation "LMR’) index obtained by using a principal
component analysis. Coefficient o (O’L) captures the effect of a 1% increase in the relative productivity of tradables on the
unemployment rate differential between tradables and non tradables in countries with high (low) labor market regulation.
The last two columns show the responses of the unemployment differential following higher relative productivity across
stages of the business cycle. The state of the economy is measured by means of the output gap (column 5) or alternatively
by using the unemployment gap (column 6); ol (O'L) refers to the response of the unemployment differential when the
economy displays high (low) unemployment, i.e. during a recession (expansion).
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Figure 3: Phase Diagrams and Dynamics for Sectoral Unemployment Rates.
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Figure 4: Theoretical vs. Empirical Estimates of Time-Varying Elasticity (3, v, and 0. Notes:
[ and ~ are the elasticities of the relative wage and relative price w.r.t. relative productivity; empirical estimates
correspond to FMOLS estimates for the responses of the relative wage and relative price in rolling sub-samples with
a window length 7" = 20 shown in the first column of Figure 1; o is the change in the unemployment differential
following a productivity growth differential of 1% estimated in rolling sub-samples with window length 7' = 12.
Responses of the relative wage, relative price and relative unemployment estimated empirically are shown in the blue
line. Responses computed numerically are shown in the black and the red line. We use the same calibration as for a
representative OECD economy and choose a value for the elasticity of labor supply at the extensive margin for each
year, o, in order to replicate the empirically estimated value of 8 shown in the blue line of Figure 4(a). Whilst in
the black line, we let the three LMR indicators, including the unemployment benefit replacement rate, 7, the firing
tax, x, and the worker bargaining power measured by collective bargaining coverage, ayps, vary across time, in the
red line, we compute numerically the elasticities by keeping LMR constant over time in order to give a sense of its
consequences.
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simulated long-run responses of the relative wage, relative price, and unemployment differential to higher relative
productivity from the baseline model with search frictions and an endogenous labor force participation decision.
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A A Simple Model with Labor Market Frictions

To set the stage for the empirical analysis, in the main text we revisit the theory developed by Balassa
[1964] and Samuelson [1964] (BS hereafter) by relaxing the assumption of perfectly competitive labor
markets in order to build up intuition regarding the implications of labor market frictions. We lay
out below a simple model with search frictions which provides a formal background of the discussion
in subsection 2.1. We denote below the percentage deviation from initial steady-state by a hat.

As it is commonly assumed, the country is small in terms of both world goods and capital
markets, and thus faces an exogenous international price for the traded good normalized to unity.
Each sector produces Y7 by using labor, L7, according to a linear technology, Y7 = AJL7, where A7
represents the labor productivity index.

Because firms face a cost by maintaining job vacancies, they receive a surplus equal to the
marginal revenue of labor Z7 less the product wage W7. Symmetrically, so as to compensate for the
cost of searching for a job, unemployed workers receive a surplus equal to W7 less the reservation
wage W7, We denote by U/ the overall surplus created when a job-seeking worker and a firm with
a job vacancy conclude a contract: ‘

U == - W} (¢7), (34)
where Z7 = AT, 2V = PAYN with P corresponding to the relative price of non tradables, and
we denote by 67 the labor market tightness in sector j, defined as the ratio of job vacancies to
unemployed workers; when firms post more job vacancies, 67 rises which raises the reservation wage,
Le., w) = =/ 67 where 0 < x? < 1 represents the share of the surplus associated with a labor contract
in the marginal benefit of search.

The product wage W7 paid to the worker in sector j is equal to the reservation wage plus a
share ayy of the overall surplus: _ A

Wi =W (¢7) + aw ¥/, (35)

where the worker bargaining power ayps is assumed to be symmetric across sectors. Denoting the
relative wage by Q = W /W7 and differentiating (35) leads to the sectoral wage differential:

o=aV —aT = XVM[;R (eT éN) O‘IVAV/\I’ (xpT \i/N) , (36)

where we assume that initially W7 ~ W and x’ le% ~ xWg and U/ ~ U to ease the interpretation.
In a model abstracting from labor market frictions, as the standard BS model, searching for a job is
a costless activity so that ¥ and x are nil; hence sectoral wages rise at the same speed. Conversely, in
a model with labor market frictions, a productivity differential between tradables and non tradables
may lower w. The reason is as follows. First, as captured by the first term on the RHS of (36), higher
AT /AN induces traded firms to recruit more than non traded firms; because agents experience a
utility loss when increasing the search intensity for a job in the traded sector, traded firms must
increase wages to attract workers as reflected by the rise in the ratio §7 /8~ . Moreover, as shown by
the second term on the RHS of (36), by raising U7 /¥" | a productivity differential between tradables
and non tradables lowers w; intuitively, higher A7 /A" increases the surplus from an additional job
in the traded sector relative to the non traded sector, U7 /U the worker obtaining a share equal
to aw.

Denoting the job destruction rate by s/ and the job finding rate by m’, and using the fact that
at the steady-state, the flow of unemployed workers who find a job is equalized with the flow of

j
: T R
Totally differentiating v’ and denoting the elasticity of vacancies in job matches by «y , allows us
to express the unemployment rate differential between tradables and non tradables in terms of the

differential in sectoral labor market tightness:

employed workers who lose their job, the unemployment rate v’ in sector j reads as v/ =

du” — du™ = —ayu (1 —u) (éT — éN> , (37)

where we assume that at the initial steady-state, search parameters are such that ©/ ~ u. According
to (37), higher AT /AN results in a decline in u” relative to u” by raising the ratio 7 /0V as traded
firms recruit more than non traded firms.

When a labor contract is concluded with a worker, the representative firm in sector j receives
the marginal revenue of labor Z7/ which must cover the recruiting cost plus the dividend per worker
equivalent to (1 — ayp ) U7 and the wage rate paid to the worker:

2= (1—aw)W + W, (38)

Differentiating (38) and subtracting =7 from ZV leads to:

—
—

p= (@ —aN) + % (@Y —o7) - LR (7 gy, (39)



where we assume that initially 2/ ~ =, W/ ~ ¥, and W’ ~ W. According to (39), when abstracting
from labor market frictions, as the BS model, the surplus ¥ is nil while sectoral wages increase at
the same speed so that p must appreciate by the same amount as a” — a’. Conversely, in a model
with labor market frictions, as captured by the second term on the RHS of (39), w falls because
traded firms have to pay higher wages to compensate for the workers’ mobility costs. Moreover,
as shown by the third term on the RHS of (39), since traded firms recruit more than non traded
firms, the hiring cost must be covered by an increase in W7 /U the firm obtaining a share equal
to 1 — aw. Thus, by lowering w and increasing the hiring cost in the traded sector relative to that
in the non traded sector, a productivity differential of 1% appreciates p by less than 1%.

The relative wage and relative price equations described by (36) and (39), respectively, allow
us to explain why labor market frictions imply that sectoral wages may no longer rise at the same
speed and the elasticity of the relative price w.r.t. the productivity differential may be smaller than
one. However, such conclusions are established by abstracting from the goods market equilibrium
which matters as long as labor is not perfectly mobile across sectors. In section 4, we show that
the full steady-state can be solved for the relative price and the relative wage, i.e., P = PV /PT =
P (AT7 AN) and Q = WY/ WT =Q (AT, AN). Because all variables display trends, our empirical
strategy consists in estimating the cointegrating relationships with relative productivity.

In the main text, we also explore empirically whether higher AT /AN leads to du’ — du®™ < 0.
Whilst the standard BS model abstracting from labor market frictions cannot address unemployment
issues, standard search frictions are not sufficient on their own to lower the unemployment rate
differential following a rise in AT /AYN. More specifically, for higher relative productivity to result
in a decline in u” relative to u”, as shown in eq. (37), traded firms must recruit more than non
traded firms. For this to happen, the appreciation in the p must be less than the productivity
differential otherwise non traded firms are able to exactly offset lower productivity gains by setting
higher prices. As discussed above, the relative price appreciates less than proportionately if workers
experience mobility costs.

B Data for Empirical Analysis

Country Coverage: Our sample consists of a panel of 18 OECD countries: Australia (AUS),
Austria (AUT), Belgium (BEL), Canada (CAN), Germany (DEU), Denmark (DNK), Spain (ESP),
Finland (FIN), France (FRA), the United Kingdom (GBR), Ireland (IRL), Italy (ITA), Japan
(JPN), Korea (KOR), the Netherlands (NLD), Norway (NOR), Sweden (SWE), and the United
States (USA).

Period Coverage: The period is running from 1970 to 2007, except for Japan (1974-2007).

Sources: We use the EU KLEMS [2011] database (the March 2011 data release) for all countries
of our sample with the exceptions of Canada and Norway. For these two countries, sectoral data
are taken from the Structural Analysis (STAN) database provided by the OECD [2011]. Both the
EU KLEMS and STAN databases provide annual data at the ISIC-rev.3 1-digit level for eleven
industries.

The eleven industries are split into tradables and non tradables sectors. To do so, we adopt
the classification proposed by De Gregorio et al. [1994]. Following Jensen and Kletzer [2006], we
have updated this classification by treating ”Financial Intermediation” as a traded industry. We
construct traded and non traded sectors as follows (EU KLEMS codes are given in parentheses):

e Traded Sector: ”Agriculture, Hunting, Forestry and Fishing” (A-B), ”Mining and Quar-
rying” (C), ”Total Manufacturing” (D), ”Transport, Storage and Communication” (I) and
"Financial Intermediation” (J).

e Non Traded Sector: ”Electricity, Gas and Water Supply” (E), ” Construction” (F), ” Whole-
sale and Retail Trade” (G), "Hotels and Restaurants” (H), ”Real Estate, Renting and Business
Services” (K) and ”Community Social and Personal Services” (L-Q).

Once industries have been classified as traded or non traded, for any macroeconomic variable
X, its sectoral counterpart X7 for j = T, N is constructed by adding the X, of all sub-industries &
classified in sector j = T, N as follows X7 = Y ke ; Xk In the following, we provide details on data
construction (mnemonics are in parentheses):

¢ Relative wage of non tradables, (2, is calculated as the ratio of the nominal wage in the
non traded sector W¥ to the nominal wage in the traded sector W7 i.e., Q = WY /W7, The
sectoral nominal wage W7 for sector j = T, N is calculated by dividing labor compensation
in sector j (LAB) by total hours worked by persons engaged (H_.EMP) in that sector.

e Relative price of non tradables, P, corresponds to the ratio of the value added deflator of
non traded goods P to the value added deflator of traded goods PT, i.e., P = PV /PT. The
value added deflator P7 for sector j = T, N is calculated by dividing value added at current
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prices by value added at constant prices in sector j. Series for sectoral value added at current
prices (VA) (constant prices (VA_QI) resp.) are constructed by adding value added at current
(constant resp.) prices of all sub-industries in sector j =T, N.

e Relative productivity of tradables, A7/AYN is calculated as the ratio of traded real
labor productivity A7 to the non traded real labor productivity A™. To measure real labor
productivity in sector j = T, N, we divide value-added at constant prices in sector j (VA_QI)
by total hours worked by persons engaged (H.EMP) in that sector.

e The construction of sectoral unemployment rates is detailed below in subsection C.3.

To empirically assess the role of labor market regulation in the determination of the relative
price and relative wage responses to higher productivity in tradables relative to non tradables, we
use a number of indicators which capture the extent of rigidity of labor markets. We detail below
the sources:

¢ Employment protection legislation, denoted by EPL, is an index available on an annual
basis developed by the OECD which is designed as a multi-dimensional indicator of the
strictness of a comprehensive set of legal regulations governing hiring and firing employees
on regular contracts. Source: OECD Labour Market Statistics database. Data coverage:
1985-2007 (1990-2007 for KOR). Because the legal protection for workers with temporary
contracts has been eased in most European countries, we follow Boeri and Van Ours [2008]
and construct an alternative index in order to have a more accurate measure of employment
protection. This indicator, denoted by EPL,g;, is computed by adjusting EPL with the share
of permanent workers in the economy (sharepe,.,) according to EPL,4; = EPL X shareye,m,.
Source for shareperm: OECD Labour Market Statistics database. Data coverage: 1985-2007
(1990-2007 for KOR).

e The generosity of the unemployment benefit scheme is commonly captured by the unemploy-
ment benefit replacement rate. The replacement rate, denoted by o, measure is defined as
the average of the net unemployment benefit (including social assistance and housing benefit)
replacement rates for two earnings levels and three family situations, and for three dura-
tions of unemployment (1 year, 2&3 years, 4&5 years). Source: OECD, Benefits and Wages
Database. Data coverage: 2001-2007. In order to have longer time series, we calculated o
over the period running from 1970 to 2000, by using the growth rate of the historic OECD
measure of benefit entitlements which is defined as the average of the gross unemployment
benefit replacement rates for two earnings levels, three family situations and three durations
of unemployment. Source: OECD, Benefits and Wages Database. Data coverage: 1970-2001
for all countries while data are unavailable for Korea.

e The worker bargaining power is measured by the collective bargaining coverage which
corresponds to the employees covered by collective wage bargaining agreements as a proportion
of all wage and salary earners in employment with the right to bargaining. This time-varying
indicator is denoted by BargCov. Source: Data Base on Institutional Characteristics of Trade
Unions, Wage Setting, State Intervention and Social Pacts, 1960-2009 (ICTWSS), version 3.0,
Jelle Visser [2009]. Data coverage: 1970-2007 for AUS, AUT, CAN, DEU, DNK, FIN, GBR,
IRL, ITA, JPN, SWE and USA, 1970-2005 for NLD and NOR, 1970-2002 for BEL and FRA,
1977-2004 for ESP and 2002-2006 for KOR.

Whilst labor market institutions do not vary significantly across time when averaged across
countries, LMR varies considerably across countries. Figures 6(a), 6(b), 6(c) plot the absolute val-
ues of the relative wage responses to a productivity differential, 3, we estimate empirically against
the EPL index adjusted with the share of permanent workers, the net unemployment benefit re-
placement rates, and the bargaining coverage, respectively.’® The trend lines in Figures 6(a), 6(b),
6(c) show that the estimated responses of the relative wage and our three measures of LMR are
positively related across countries. We also we have recourse to a principal component analysis
to construct an indicator that gives a more accurate measure of the degree of LMR. Figure 6(d)
displays the traditional distinction between English-speaking and Continental European economies,
labor markets being much less regulated in the former than the latter countries. Importantly, the
trend line is upward sloping, thus suggesting that higher productivity in tradables relative to non
tradables lowers the relative wage more in countries where LMR is more pronounced.

In order to identify the state of the economy across the business cycle, we use alternatively the
output or the unemployment gap:

59Because time series for the unemployment benefit replacement rate and bargaining coverage are available
only from the beginning of the 2000’s for Korea and thus are too short, we exclude this country from Figures
6(b) and 6(c).
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Figure 6: Labor Market Regulation and The Relative Wage Response to Higher Produc-
tivity of Tradables relative to Non Tradables Notes: Figure 6 plots fully modified OLS
estimates of relative wage responses to a labor productivity differential against indicators
of labor market regulation. Horizontal axis displays the FMOLS estimates for each country
which are taken from Table 14. For easier reading, we show the absolute value of the change
in the relative wage (i.e., |3;]). Firing cost is captured by the employment protection legis-
lation index adjusted with the share of permanent workers in the economy (source: OECD);
the generosity of unemployment benefit scheme is measured by the average of net unem-
ployment benefit replacement rates for three duration of unemployment (source: OECD);
the worker bargaining power is measured by the bargaining coverage (source: Visser [2009));
in Figure 6(d), we have recourse to a principal component analysis in order to have one
overall indicator encompassing the three dimensions of labor market regulation.
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e Qutput gap is computed as the deviation of output from trend, i.e. y;; — y;+ where y;; and
yit denote the log of actual and potential real GDP, respectively. Log potential GDP 3 is
obtained by applying a Hodrick-Prescott filter with a smoothing parameter of A = 100 (as we
use annual data) to the series y. Gross domestic product is the real gross domestic product
(GDPV). Recessions are periods where dy;; — dyir < 0. Source: OECD Economic Outlook
Database. Data coverage: 1970-2007 for all countries.

e Unemployment gap is computed as u;; — u;; where u;; and 4 is the actual and natural
unemployment rate, respectively. The natural unemployment rate « is obtained by applying
a Hodrick-Prescott filter with a smoothing parameter of A = 100 to the series u. The actual
unemployment rate is defined as unemployment in percentage of the civilian labour force.
Following Ramey and Zubairy [2017], we define a period of recession as u;s — ;z > 0. Source:
OECD Population and Labour Force Database. Data coverage: 1970-2007 for all countries
(except for NOR: 1972-2007).

C Data for Calibration
C.1 Non Tradable Share

Table 4 shows the non-tradable content of labor, consumption, government spending, and gives the
share of government spending on the traded and non traded goods in the sectoral output. The
second to last column of Table 4 also shows the ratio of traded real labor productivity to the non
traded real labor productivity, AT /AN. Our sample consists of 18 OECD countries mentioned in
section B, including 12 European countries plus Australia, Canada, Korea, Japan, Norway, the
United-States. Our reference period for the calibration corresponds to the period 1990-2007. The
choice of this period has been dictated by data availability.

To calculate the non tradable share of employment we split the eleven industries into traded and
non traded sectors by adopting the classification proposed by De Gregorio et al. [1994] and updated
by Jensen and Kletzer [2006] (Source: EU KLEMS [2011]). The non-tradable share of labor, shown
in column 1 of Table 4 averages to 66%.

To split consumption expenditure (at current prices) into consumption in traded and non traded
goods, we made use of the Classification of Individual Consumption by Purpose (COICOP) published
by the United Nations (Source: United Nations [2011]). Among the twelve items, the following
ones are treated as consumption in traded goods: "Food and Non-Alcoholic Beverages”, ” Alcoholic
Beverages Tobacco and Narcotics”, ” Clothing and Footwear” , ” Furnishings, Household Equipment”,
”Transport”, ”Miscellaneous Goods and Services”. The remaining items are treated as consumption
in non traded goods: ”Housing, Water, Electricity, Gas and Fuels”, "Health”, ” Communication”,
”Education”, ”Restaurants and Hotels”. Because the item ”Recreation and Culture” is somewhat
problematic, we decided to consider it as both tradable (50%) and non tradable (50%) with equal
shares. Data coverage: 1990-2007 for AUS, AUT, CAN, DNK, FIN, FRA, GBR, ITA, JPN, KOR,
NLD, NOR, and USA, 1991-2007 for DEU, 1993-2007 for SWE, 1995-2007 for BEL and ESP and
1996-2007 for IRL. Note that the non-tradable share of consumption shown in column 2 of Table 4
averages to 42%.

Sectoral government expenditure data (at current prices) were obtained from the Government
Finance Statistics Yearbook (Source: IMF [2011]) and the OECD General Government Accounts
database (Source: OECD [2012b]). Adopting Morshed and Turnovsky’s [2004] methodology, the

N

following four items were treated as traded: ”Fuel and Energy”, ” Agriculture, Forestry, Fishing, and
Hunting”, ”Mining, Manufacturing, and Construction”, " Transport and Communications”. Items
treated as non traded are: ”Government Public Services”, ”Defense”, ”Public Order and Safety”,
”Education”, ”"Health”, ”Social Security and Welfare”, ”Environment Protection”, ”Housing and
Community Amenities”, ”Recreation Cultural and Community Affairs”. Data coverage: 1990-2007
for BEL, DNK, FIN, GBR, IRL, ITA, JPN, NOR and USA, 1990-2006 for CAN, 1991-2007 for DEU,
1995-2007 for AUT, ESP, FRA, NLD and SWE and 2000-2007 for KOR, (data are not available for
AUS). The non-tradable component of government spending shown in column 3 of Table 4 averages
to 90%. While government spending as a share in GDP is shown in column 4, the proportion of
government spending on the traded and non traded good (i.e., GT/YT and GV /Y™) are shown
in columns 5 and 6 of Table 4. They average 5% and 29%, respectively. In column 4, government
spending is government final consumption expenditure at current prices and the GDP is the gross
domestic product at current prices. Source: OECD Economic Outlook Database. Data coverage:
1990-2007 for all countries.

The second to last column of Table 4 displays the ratio of labor productivity of tradables relative
to non tradables (AT /AN) averaged over the period 1990-2007 for all countries. Source: the EU
KLEMS [2011] and STAN database. As shown in column 7, the traded sector is in average 28

percent more productive than the non traded sector.
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Table 4: Data to Calibrate the Two-Sector Model (1990-2007)

Countries Non tradable Share G’ /Y? Relative Productivity | Elasticity
Labor Consumption Gov. Spending | G/Y GT/YT GV]Y AT AN 0]
(1) (2) () (4) () (6) (M) (8)

AUS 0.68 0.43 n.a. 0.18 n.a. n.a. 1.30 0.295
AUT 0.64 0.42 0.90 0.19 0.05 0.27 1.05 1.019
BEL 0.68 0.42 0.91 0.22 0.06 0.30 1.28 0.749
CAN 0.69 0.43 0.91 0.20 0.05 0.30 1.32 0.439
DEU 0.65 0.40 0.91 0.19 0.05 0.27 1.00 1.126
DNK 0.68 0.42 0.94 0.26 0.05 0.36 1.17 1.925
ESP 0.66 0.46 0.88 0.18 0.06 0.24 1.18 0.782
FIN 0.63 0.43 0.89 0.22 0.06 0.34 1.47 1.043
FRA 0.69 0.40 0.94 0.23 0.05 0.31 1.05 0.896
GBR 0.70 0.40 0.93 0.20 0.04 0.29 1.54 0.477
IRL 0.62 0.43 0.89 0.17 0.04 0.28 1.83 0.321
ITA 0.63 0.37 0.91 0.19 0.05 0.27 1.00 -
JPN 0.64 0.43 0.86 0.16 0.06 0.22 0.96 0.713
KOR 0.58 0.44 0.76 0.12 0.06 0.18 1.53 2.914
NLD 0.70 0.40 0.90 0.23 0.07 0.32 1.38 0.644
NOR 0.66 0.39 0.88 0.21 0.06 0.34 1.44 1.004
SWE 0.68 0.45 0.92 0.27 0.06 0.39 1.42 0.329
USA 0.73 0.51 0.90 0.16 0.05 0.20 1.12 0.699
EU-12 0.66 0.42 0.91 0.21 0.05 0.30 1.28 0.599
OECD 0.66 0.42 0.90 0.20 0.05 0.29 1.28 0.800

C.2 Elasticity of Substitution in consumption (¢)

To estimate the elasticity of substitution in consumption ¢ between traded and non traded goods,
we first derive a testable equation by inserting the optimal rule for intra-temporal allocation of
consumption (10) into the goods market equilibrium which gives g—,{, = % where NX =
B — 7*B is net exports, ET = GT 4+ IT + F (with F = x"VT 4+ k¥V¥) and EN = GN 4+ IV;
note that we include investment in order to be consistent with accounting identities. Inserting the
optimal rule for intra-temporal allocation of consumption (10) into the goods market equilibrium,
and denoting the ratio of E7 to traded value added adjusted with net exports at current prices by
VT = %, and the ratio of EV = GV 4+ IN to non traded value added at current prices
v (T NX)(1vgr) _

YN (1—UEN) -

by vy = £5EL, the goods market equilibrium can be rewritten as follows
(&) P?. Isolating (Y7 — NX) /Y and taking logarithm yields In (M) = a+¢In P where

PNY N>
YN

N
a=In (i:Z‘%) +In ﬁ). Adding an error term p, we estimate ¢ by running the regression of the
E
(logged) output of tradables adjusted with net exports at constant prices in terms of output of non
tradables on the (logged) relative price of non tradables:
YT - NX
In (YN> =fitfitat+o;InPy+ iy, (40)
it

where f; and f; are the country fixed effects and time dummies, respectively. Because the term «
is composed of ratios which may display a trend over time, we add country-specific linear trends, as
captured by «;t.

Instead of using time series for sectoral value added, we can alternatively make use of series

T_ —v
for sectoral labor compensation. Multiplying both sides of (v - ;V()f_)glEN p7) _ (&) P? by %

and then by 5—5 with p/ = ‘;.ijé_:, denoting by 77 = (WTLT — p" PTNX) (with pr = %) and

AN = WNLN | and taking logarithm yields In (%) =1+ (¢ — 1) In P where 7 is a term composed of

both preference (i.e., ) and production (i.e., p/) parameters, and the (logged) ratio of ET (EY) to
WTLT —pTPTNX (WNLYM). We thus estimate ¢ by exploring alternatively the following empirical
relationship:

In (’YT/’YN)M =gi+ g+t + 6Py + Gy, (41)

where §; = (¢; — 1); g; and g¢; are the country fixed effects and time dummies, respectively; we add
country-specific trends, as captured by n;t, because 7 is composed of ratios that may display a trend
over time.
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Table 5: Estimates of the Elasticity of Substitution in Consumption between Tradables and
Non Tradables (¢)

Country DOLS FMOLS DOLS GFMOLS

eq. (40) eq. (40) | eq. (41) eq. (41)
(1) (2) (3) (4)

AUS 0.081 0.295° 0.011 0.375°
(0.74) (3.09) (0.08) (2.39)

AUT 0.574 1.019% 0.910% 1.414°
(1.62) (2.99) (3.77) (4.98)

BEL —0.268 0.034 0.393¢ 0.749°
(—1.58) (0.17) (3.41) (4.60)

CAN 0.308° 0.439¢ 0.332° 0.569¢
(2.04) (3.75) (2.18) (4.94)

DEU 0.976° 1.126% 1.190% 1.363%
(3.46) (2.99) (4.34) (3447)

DNK 1.243 1.925% 1.698° 1.320%
(1.24) (2.76) (2.35) (2.73)

ESP 0.527° 0.782° 0.177 0.355°
(3.31) (4.71) (0.90) (1471)

FIN 1.556% 1.043¢ 2.061% 1.412¢
(10.13) (9.30) (8.62) (8.45)

FRA 0.880° 0.896° 1.169% 1.048%
(4.75) (6.29) (4.46) (5.58)

GBR 0.688° 0.477° 1.424° 1.183%
(8.76) (9.57) (14.39) (15.03)

IRL 0.074 0.321 0.485 0.126
(0.28) (1.48) (0.89) (0.28)

ITA —0.365%  —0.260 | —0.427°  —0.206
(—3.44) (—1.50) (—3.04) (—=1.17)

JPN 0.832° 0.713° 0.681° 0.655°
(3.96) (3.25) (4.52) (4.55)

KOR 0.626 2.914° 1.006 2.237°
(0.52) (4.16) (1.26) (4.60)

NLD 0.832¢ 0.644° 0.523°¢ 0.412
(2.65) (1.93) (1.92) (1.10)

NOR 1.138% 1.004% 2.080% 2.056%
(7.26) (9.81) (14.42) (13.51)

SWE 0.364° 0.329° 1.073% 0.915°
(2.24) (3.52) (5.85) (7.16)

USA 0.486 0.699° 0.571 0.804°
(1.37) (3.27) (0.90) (2.07)

EU-12 0.590° 0.599° 0.890° 0.832°
(9.65) (11.84) (26.17) (16.18)

Whole sample | 0.586% 0.800° 0.853° 0.933°
(11.63) (16.86) (24.52) (28.55)

Notes: Data coverage: 1970-2007 (except Japan: 1974-2007). All re-
gressions include country fixed effects, time dummies and country spe-
cific trends. ¢, ® and © denote significance at 1%, 5% and 10% lev-
els. Heteroskedasticity and autocorrelation consistent t-statistics are
reported in parentheses.

Time series for sectoral value added at constant prices, labor compensation, and the relative
price of non tradables are taken from EU KLEMS [2011] (see section B). Net exports correspond to
the external balance of goods and services at current prices taken from OECD Economic Outlook
Database. To construct time series for net exports at constant prices N X, data are deflated by the
traded value added deflator of traded goods (i.e., PT).

Since the LHS term of (40) and (41) and the relative price of non tradables as well display
trends, we ran unit root and then cointegration tests. Having verified that these two assumptions
are empirically supported, we estimate the cointegrating relationships by using DOLS and FMOLS
estimators for cointegrated panel proposed by Pedroni [2000], [2001]. DOLS and FMOLS estimates
are reported in Table 5, considering alternatively eq. (40) or eq. (41). Estimates of ¢ are reported
in the last column of Table 4. As a reference model, we consider FMOLS estimates when exploring
the empirical relationship (40); running regression (40) gives an estimate for the whole sample of
0.800 which is close to the value documented by Mendoza [1995] who reports an estimate of 0.74.
As shown in Table 5, the estimated value of ¢ for Belgium is statistically significant only when
exploring the empirical relationship (41) for this economy; in the last column of Table 4, we set ¢
to 0.749 for Belgium. Because estimates for Italy are negative by using alternatively eq. (40) or eq.
(41), the estimate of ¢ for this country is left blank in the last column of Table 4 and ¢ is set to our
panel data estimation for EU-12, i.e., 0.599, when calibrating the model for each country.

C.3 Labor Market Variables

We now describe the data employed to calibrate the model, focusing on labor market variables.
To begin with, EU-10 refers to the following ten European countries: Austria, Belgium, Germany,
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Denmark, Spain, Finland, the United Kingdom, Ireland, Italy, Sweden; EU-12 includes EU-10 along
with France and the Netherlands.
We construct the following labor market variables:

e Sectoral unemployment rate denoted by u/ (j = T, N) is the number of unemployed
workers U7 in sector j as a share of the labor force F/ = L7 + U’ in this sector. Unemployed
persons in industry j are those who lost their job in industry j according to BLS definition.
LABORSTA database from ILO provides series for unemployed workers by economic activity
for fifteen OECD countries out of eighteen in our sample. The longest available period ranges
from 1987 to 2007. On average, our data covers 12.8 years per country. Series cover 18 sectors,
according to ISIC Rev.3.1 classification. To construct L’ and U7 for j = T, N, we map
the classification used previously to compute series for sectoral wages, prices and real labor
productivity indexes (see section B) into the 1-digit ISIC-rev.3 classification. The mapping was
clear for all industries except for ”"Not classifiable by economic activity” (1-digit ISIC-Rev.3,
code: X) when constructing L7 and U7, and, ” Unemployed seeking their first job” to identify
U?. These two categories have been split between tradables and non tradables according
to the shares of total unemployment (excluding the two categories) between tradables and
non tradables by year and country. In a few rare cases, the sum of sectoral unemployment
provided by ILO did not correspond to total unemployment. These differences were usually
due to missing data for some industries in the sectoral databases. In these cases, we added
these differences in level, keeping however the share of each sector constant. In Table 7 we
provide an overview of the classifications used to construct traded and non traded sectors
variables. Once industries have been classified as traded or non traded, series for unemployed
and employed workers are constructed by adding unemployed and employed workers of all sub-
industries k in sector j = T, N in the form U7 = Zkej U and L7 = > ke Li. Data coverage:
AUS (1995-2007), AUT (1994-2007), BEL (2001-2007), CAN (1987—200737 DEU (1995-2007),
DNK (1994-1998 and 2002-2004), ESP (1992-2007), FIN (1995-2007), GBR (1988-2007), IRL
(1986-1997), ITA (1993-2007), JPN (2003-2007), KOR (1992-2007), SWE (1995-2007) and
USA (2003-2007). Data for unemployed workers by economic activity are not available for
FRA, NLD and NOR.

e Sectoral labor market tightness denoted by 67 (j = T, N) is calculated as the ratio of
job vacancies in sector j (V) to the number of unemployed workers in that sector (U7). To
construct 67, we collect information on job vacancies and unemployed workers by economic
activity. Sources for V7: Job Openings and Labor Turnover Survey (JOLTS) provided by
the Bureau of Labor Statistics (BLS) for USA, Eurostat database (NACE 1-digit) for a range
of European Countries, Labour Market Statistics from the Office for National Statistics for
the UK. Sources for U’: Current Population Survey (CPS) published by the BLS for USA
and LABORSTA (ILO) for European Countries.’? As shown in Table 7, the level of detail
in the definition of traded and non traded sectors differs across databases in two dimensions.
First, the number of items to split disaggregated data varies across nomenclatures from a
low eleven categories in the Eurostat database to a high of eighteen items in the LABORSTA
database. Second, the definitions of items are not harmonized across the different sets of data.
To generate sectoral variables in a consistent and uniform way, series on disaggregated data
for vacancies and unemployed workers are added up to form traded and non traded sectors
following, as close as possible, the classification we used for value added, hours worked and
labor compensation. Once industries have been classified as traded or non traded, series for
employment vacancies (unemployed workers resp.) are constructed by adding job openings
(unemployed workers resp.) of all sub-industries k in sector 5 = T, N in the form VJ =
> kej Ve U7 = > ke; Uk resp.). Data coverage for V3 and U’: AUT (2004-2005), DEU
(2006-2007), FIN (2002-2007), GBR. (2001-2007), SWE (2005-2007) and USA (2001-2007).

e Aggregate labor market tightness denoted by 6 is also computed because series for 7
are available over a too short time horizon and for a few countries only; 6 is calculated as the
ratio of job vacancies to registered unemployment. Source: Registered Unemployed and Job
Vacancies Dataset, OECD. Coverage: AUS (1980-2007), BEL (1982-2003), DEU (1980-2007),
ESP (1980-2004), FIN (1981-2007), GBR (1980-2007), NOR (1980-2007), SWE (1982-2007).

e Job finding rate denoted by m’ (j = T, N) is computed at a sectoral level by adopting
the methodology proposed by Shimer [2012]. As Shimer [2012], we ignore movements in and
out of the overall labor force. Since we compute the job finding rate for the traded and the
non traded sector, we have to further assume that labor force is fixed at a sectoral level, i.e.,
we ignore reallocation of labor across sectors. More details on the model and the derivation

51The JOLTS and CPS databases provide (not seasonally adjusted) monthly data on vacancies and un-
employed workers. We convert monthly data series into annual data series by summing the twelve monthly
data points.
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of the results below can be found in the Technical Appendix. The monthly job finding rate
m?<1(t) for sector j at time t is computed as follows:

m?<'(t) = —In (1 - M?<(t)), (42)

where t indexes months and the probability of finding a job M7 <! within one month is given

by

(1—a<l(t)) Ui(t)
Ui(t—1)

M»<Y(t)=1— , (43)

with o/ <1(t) = U;_j(lt()t) the share of unemployment less than one month (U7<!(t)) among
total monthly unemployment (U7 (t)) in sector j. Source: LABORSTA database from ILO for
data on employment and unemployment at the sectoral level, and, OECD for unemployment

by duration.
Job destruction rate denoted by s/ (j = T, N) is estimated by solving this equation:

sI(t)

U7 (t) =47 (t) S+ mi<iD)

(U0 + L (1) + (1 =/ () Ut = 1), (44)

where 7 is the monthly rate of convergence to the long-run sectoral unemployment rate:
PI(t) =1 — e~ (8 OFm»=H(D) (45)

When estimating s/ by using (44), the unemployment rate has not necessarily reached its long-
run equilibrium. Since we calibrate the model so that the initial steady state is consistent
with the empirical properties of each OECD economy, we have computed values for s7 which
are consistent with the steady-state sectoral unemployment rate v/ = ijmj where u/ is the
actual value taken from the data and m/ is computed by using (42). Reassuringly, average
values for job destruction rates obtained from eq. (44) are close to those derived from the
long-run equilibrium of the unemployment rate. More details can be found in the Technical
Appendix.

Unemployment benefit net replacement rate denoted by o is shown in column 14 of
Table 6 and is defined in section B. Replacement rates are averaged over 1980-2007 for all
countries except Korea (2001-2007). Average EU-12 unemployment benefit replacement rate
shown in Table 6 is the unweighted average of twelve EU members’ replacement rates. Source:
OECD, Benefits and Wages Database.

Firing cost denoted by 7 is shown in the last column of Table 6 is a measure of the strictness
of legal protection against dismissals captured by the firing tax z = 7 .W in our model; it
is calculated as the sum of the average advance notice and average severance payment after
4 and 20 years of employment. 7 is expressed in monthly salary equivalents and is averaged
over the period 1980-2005. Source: Fondazione de Benedetti.

Series of employment and unemployment by economic activity provided by ILO are not available

for France, the Netherlands, Norway; while such data is available for Korea, unemployment by
duration provided by the OECD is not available and thus prevents the estimation of the monthly
job finding and job destruction rates. For these four countries, we proceeded as follows:

D

e Monthly job finding rates denoted by m come from Hobijn and Sahin [2009] who give

average values for France (1975-2004), the Netherlands (1983-2004), Norway (1983-2004).
For Korea, we average the job finding rates taken from Chang et al. [2004] over 1993-1994.

Unemployment rate denoted by w is is the number of unemployed people as a percentage
of the labor force. Coverage: FRA (1975-2004), the NLD (1983-2004), NOR (1983-2004).
Source: OECD, LFS database.

Monthly job separation rate denoted by s is computed so as to be consistent with the

steady-state unemployment rate given by u = 7.

Mapping Theoretical Results into Elasticities Estimated
Empirically

To map the deviation in percentage of p and w from their initial steady-state into elasticities esti-
mated empirically, we need to adjust numerically computed values with a term that captures the
extent to which search frictions vary across sectors. Once the discrepancy is accounted for, we are
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able to relate v and [ estimated empirically to their analytical counterpart which we denote by
ypredict and geredict pegpectively:®?

, 1+ 07 1 dln(1-wvyx)

redict __

v t_<¢+®N> 6+ON AT —aN (46a)
1+@T QN dln(l—UNx)
¢+ 0N p+ON  aT —aN

ﬁpredict — _ |:QT o QN ( (46]?))
where the second term on the RHS of (46a) and (46b) captures the negative impact on p and w
of the long-run adjustment in net exports caused by rise in AT /AN. More details can be found in
Technical Appendix J.

The numerical counterpart of o which corresponds to the estimated effect of higher relative
productivity on the unemployment rate differential adjusted with the bias originating from sector-
varying search frictions, i.e.,

ZN dln(lvax)

O_predict:_a AT—FO( UN l—uN )
Vv v ( )¢+@N aT — aN

(47)

where AT = [uT (1—uT) ST N (1—uN) =N (;igi)]

E More Empirical Results and Robustness Checks

E.1 A First Glance at the Data

We begin by examining the data for the 18 OECD economies over the period 1970-2007. Figure 7
plots the average relative price growth against the average relative wage growth which have been
scaled (i.e., divided) by the average productivity growth differential between tradables and non
tradables. Quantitatively, the BS model predicts that a productivity differential between tradables
and non tradables of 1% leaves unaffected the relative wage of non tradables and appreciates the
relative price of non tradables by 1%. Hence, according to the BS model, all countries should be
positioned at point BS along the X-axis with coordinates (1,0). However, we find that all countries
are positioned to the south-west of point BS. Quantitatively, we find that a productivity differential
between tradables and non tradables by 1% is associated with a fall in the relative wage which varies
between -0.02% for Belgium and -0.41% for Denmark. Regarding the relative price, we find that its
appreciation varies between 0.34% for Canada to 0.97% for Japan while Norway experiences a fall
in the relative price of non tradables due to the large increase of prices in traded industries such as
"Mining and Quarrying’ (which accounts for about one fourth of GDP) over 1995-2007.

The data seem to challenge the conventional wisdom that labor mobility would gradually elim-
inate wage differences across sectors. If it were the case, the ratio of the non traded wage to the
traded wage would remain unchanged. However, we observe that the relative wage tends to fall.
Moreover, because non traded wages increase by a smaller amount that if labor were perfectly mo-
bile, the relative price of non tradables appreciates by a smaller amount than suggested by the
standard BS model. To confirm these findings, in the following, we have recourse to panel data unit
root tests and cointegration methods.

E.2 Panel Unit Root Tests

We test for the presence of unit roots in the logged relative wage w (i.e., w" — w”) and in the
difference between the (log) relative price p (i.e., p¥ —pT) and the (log) relative productivities (i.e.,
a® —a™). If the wage equalization hypothesis was right, sectoral wages would increase at the same
speed so that the relative wage of non tradables would be stationary. As a result, the non tradable
unit labor cost would rise by the same amount as the productivity differential. Hence, the difference
between the (logged) relative price and the (logged) relative productivity should be stationary as
well.

We consider five panel unit root tests among those most commonly used in the literature: i)
Levin, Lin and Chu’s [2002] test based on a homogenous alternative assumption, ii) a t-ratio type test
statistic by Breitung [2000] for testing a panel unit root based on alternative detrending methods,
iii) Im, Pesaran and Shin’s [2003] test that allows for a heterogeneous alternative, iv) Fisher type
test by Maddala and Wu [1999], and v) Hadri [2000] who proposes a test of the null of stationarity
against the alternative of a unit root in the panel data. Results are summarized in Table 8. Although

5 . . T N A
2The correction term for P and w is (;ig]v ) [1 — < ﬁgT )} aN and
- { [QT -V (;igg ﬂ - [QN . R (;igg )} } aY, respectively. It is worth mentioning that the

magnitude of the bias originating from sector-varying search frictions is quantitatively low.
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Figure 7: The Relative Price and the Relative Wage Growth. Notes: Figure 7 plots the
annual average growth of the relative price of non tradables and the relative wage of non
tradables, both scaled by the average productivity growth differential between tradables
and non tradables, for each country of our sample over 1970-2007.

Table 8: Panel Unit Root Tests (p-values) for the relative wage and the relative price

Test Stat Variables
w P al —a T p—(al —d")

Levin et al. [2002] t-stat 0.075 | 0.376 0.998 0.510
Breitung [2000] t-stat 0.273 | 0.667 0.760 0.124
Im et al. [2003] W-stat | 0.558 | 1.000 1.000 0.999
Maddala and Wu [1999] | ADF 0.329 | 0.972 1.000 0.950

PP 0.289 | 0.953 0.999 0.983
Hadri [2000] Z,-stat | 0.000 | 0.000 0.000 0.000

Notes: For all tests, except for Hadri [2000], the null of a unit root is not rejected if p-value
> 0.05 at a 5% significance level. For Hadri [2000], the null of stationarity is rejected if
p-value < 0.05 at a 5% significance level. ADF and PP are the Maddala and Wu’s [1999] P
test based on Augmented Dickey-Fuller and Phillips-Perron p-values respectively.

the time span of data is relatively short, we also ran these five panel unit root tests for sectoral
unemployment rates along with the unemployment rate differential. Results are displayed in Table
10.

As shown in the first column Table 8, all panel unit root tests, reveal that the relative wage
variable is non-stationary at a 5% significance level. This finding suggests that labor market frictions
prevent wage equalization across sectors in the long run. Regarding the relative price of non tradables
and the productivity of tradables relative to productivity of non tradables, these variables are found
to be non-stationary. As shown in the last column, the difference between the relative price of non
tradables and the relative productivity is integrated of order one which implies that the productivity
differential is not fully reflected in the non tradable unit labor cost and thus the relative price. As
can be seen in the first two columns of Table 10, sectoral unemployment rates are stationary, except
for Hadri’s [2000] test.

The common feature of first generation tests is the restriction that all cross-sections are indepen-
dent. We also consider some second generation unit root tests that allow cross-unit dependencies.
We consider the tests developed by: i) Bai and Ng [2002] based on a dynamic factor model, ii) Choi
[2001] based on an error-component model, iii) Pesaran [2007] based on a dynamic factor model
and iv) Chang [2002] who proposes the instrumental variable nonlinear test. The results of second
generation unit root tests are shown in Table 9.

In all cases, except for the Choi [2001] and Pesaran’s [2007] tests applied to w and p— (a® —a'V),
we fail to reject the presence of a unit root in the relative price, the relative wage, the productivity
differential, and the difference p — (aT —a ), when cross-unit dependencies are taken into account.
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Table 9: Panel Unit Root Tests (second generation) for the relative wage and the relative
price

Test Stat Variables
w P al" —a" [ p— (a7 —a")

Bai and Ng [2002] g 0.267 | 0.151 0.038 0.530

Ps 0.251 | 0.150 0.050 0.498
Choi [2001] P, 0.000 | 0.988 0.992 0.407

4 0.053 | 1.000 1.000 0.653

L* 0.047 | 1.000 1.000 0.662
Pesaran [2007] CIPS | 0.010 | 0.320 0.450 0.015

CIPS* | 0.010 | 0.320 0.450 0.015
Chang [2002] SN 1.000 | 1.000 1.000 1.000

Notes: For all tests, the null of a unit root is not rejected if p-value > 0.05 at a 5% significance level. 7 is the
estimated number of common factors. For the idiosyncratic components, PS is a Fisher’s type statistic based
on p-values of the individual ADF tests. Under Ho, P{ has a x?2 distribution. Z¢ is the standardized Choi’s
type statistic. Under Hg, Z$ has a N(0, 1) distribution. For the idiosyncratic components, the estimated
number of independent stochastic trends in the common factors is reported. The first estimated value is
derived from the filtered test M Q. and the second one is derived from the corrected test MQy. The Pp,
test is a modified Fisher’s inverse chi-square test. The Z test is an inverse normal test. The L* test is
a modified logit test. All these three statistics have a standard normal distribution under Hy. CIPS is
the mean of individual Cross sectionally ADF statistics (CADF). CIPS* denotes the mean of truncated
individual CADF statistics. The Sy statistic corresponds to the average of individual non-linear IV t-ratio
statistics. It has a N(0,1) distribution under Hy. Corresponding p-values are in parentheses.

Table 10: Panel Unit Root Tests (p-values) for sectoral unemployment rates

Test Stat Variables
du” du® | du” — du®

Levin et al. [2002] t-stat 0.000 | 0.000 0.000
Breitung [2000] t-stat 0.049 | 0.045 0.000
Tm et al. [2003] W-stat | 0.000 | 0.003 |  0.000
Maddala and Wu [1999] | ADF 0.000 | 0.003 0.000

PP 0.000 | 0.000 0.000
Hadri [2000] Z,-stat | 0.074 | 0.051 |  0.013

Notes: For all tests, except for Hadri [2000], the null of a unit root is not rejected if p-value
> 0.05 at a 5% significance level. For Hadri [2000], the null of stationarity is rejected if
p-value < 0.05 at a 5% significance level. ADF and PP are the Maddala and Wu’s [1999] P
test based on Augmented Dickey-Fuller and Phillips-Perron p-values respectively.
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Table 11: Panel cointegration tests results (p-values)

wage equation | price equation
eq. (48a) eq. (48b)

Panel tests

Non-parametric v 0.000 0.000
Non-parametric p 0.012 0.003
Non-parametric ¢ 0.004 0.002
Parametric ¢ 0.046 0.000
Group-mean tests

Non-parametric p 0.388 0.449
Non-parametric ¢ 0.167 0.220
Parametric ¢ 0.016 0.001

Notes: The null hypothesis of no cointegration is rejected if the p-value
is below 0.05 (0.10 resp.) at 5% (10% resp.) significance level.

E.3 Cointegration Tests and Alternative Cointegration Estimates

To begin with, we report the results of parametric and non parametric cointegration tests developed
by Pedroni ([1999]), ([2004]). We regress the (log) relative wage w and the (log) relative price p on
the (log) relative productivity, respectively:

wip = 0;+B.(aj, —aly) +vis, (48a)
Dix = a;+7. (a?,} - aﬁ\,[t) + Ui, (48b)

where ¢ and ¢ index country and time and v;; and u;; are i.i.d. error terms. Country fixed effects
are captured by country dummies ¢; and «;.

Cointegration tests are based on the estimated residuals of equations (48a) and (48b). Table 11
reports the tests of the null hypothesis of no cointegration. All Panel tests reject the null hypothesis
of no cointegration between p and a” —a’v at the 1% significance level while three Panel tests reject
the null hypothesis of no cointegration between w and a” — a” at the 5% significance level. Group-
mean parametric t-test confirms cointegration between p and the labor productivity differential
and between w and a” — a at 5% and 1% significance level, respectively, while group-mean non
parametric t-tests are somewhat less pervasive. Pedroni [2004] explores finite sample performances
of the seven statistics. The results reveal that group-mean parametric t-test is more powerful than
other tests in finite samples. By and large, panel cointegration tests provide evidence in favor of
cointegration between the relative price and relative productivity, and between the relative wage
and relative productivity.

As robustness checks, we compare our group-mean FMOLS estimates and group-mean DOLS
estimates with one lag (¢ = 1), with alternative estimators. First, we consider the group-mean
DOLS estimator with 2 lags (¢ = 2) and 3 lags (¢ = 3). Second, we estimate cointegration re-
lationships (48a) and (48b) using the panel DOLS estimator (Mark and Sul [2003]). We also use
alternative econometric techniques to estimate cointegrating relationships (3): the dynamic fixed
effects estimator (DFE), the mean group estimator (MG, Pesaran and Smith [1995]), the pooled
mean group estimator (PMG, Pesaran et al. [1999]). All results are displayed in Table 12 and show
that estimates of B and 4 are close to those shown in Table 1 of the paper, except for the dynamic
fixed effects estimator which suggests a fall in w of 0.1% instead of 0.2%.

E.4 Estimating the Effects of Higher Relative Productivity

Kakkar [2003], Cardi and Restout [2015] estimate empirically the effects of higher productivity of
tradables relative to non tradables by using cointegration techniques. Whist Kakkar [2003] focuses
exclusively on the relative price effects of a productivity differential, Cardi and Restout [2015] also
investigate empirically the long-run response of the relative wage. Like Cardi and Restout [2015],
we estimate the relative price and relative wage effects but it differs along several dimensions. First,
we measure technological change with sectoral labor productivity instead of sectoral TFP in order
to be consistent with the model developed in section 3 where we abstract from physical capital
accumulation. Second, our dataset includes eighteen OECD countries instead of fourteen. We
provide below estimates for the whole sample and for each OECD country. Third, we are interested
in the main text in the variations of the effects of a productivity differential across time, space and
stages of the business cycle. Fourth, we analyze the effects of higher relative productivity on the
unemployment differential.
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Table 12: Alternative Cointegration Estimates of 5 and ~

Relative wage eq. (48) | Relative price eq. (48a)
B t(8=0) v ty=1)

DOLS (¢ =2) —0.223¢ 0.000 0.658¢ 0.000
(—27.69) (77.95)

DOLS (¢ = 3) —0.220¢ 0.000 0.673¢ 0.000
(—26.77) (79.22)

DOLS (¢ =4) —0.218¢ 0.000 0.678¢ 0.000
(—26.51) (84.96)

DFE —0.105" 0.006 0.697¢ 0.000
(—2.51) (13.55)

MG —0.145% 0.000 0.608¢ 0.000
(—17.43) (17.25)

PMG —0.164¢ 0.000 0.668¢ 0.000
(—10.59) (31.03)

Panel DOLS (¢ =1) | —0.214° 0.000 0.621°¢ 0.000
(—6.32) (22.39)

Panel DOLS (¢ =2) | —0.216“ 0.000 0.620¢ 0.000
(—6.85) (22.62)

Panel DOLS (¢ = 3) | —0.213% 0.000 0.624¢ 0.000
(—6.42) (23.88)

Notes: All regressions include country fixed effects. Heteroskedasticity and au-
tocorrelation consistent t-statistics are reported in parentheses. ¢ denotes signif-
icance at 1% level. The columns ¢(8) = 0 and ¢(y) = 1 report the p-value of the
test of Ho : § =0 and Ho : v = 1 respectively.

Since p, w and a’ — a® display trends, we ran unit root and then cointegration tests. Hav-
ing verified that these two assumptions are empirically supported, we estimate the cointegrating
relationships by using fully modified OLS (FMOLS) and dynamic OLS (DOLS) procedures for the
cointegrated panel proposed by Pedroni [2000], [2001]. Both estimators give similar results and
coefficients 3 and ~y of the cointegrating relationships are significant at 1%. In Table 13, we report
results for DOLS estimator. Two major results emerge. First, estimates reported in the first column
of Table 13 reveal that a productivity differential between tradables and non tradables by 1% lowers
the relative wage by about 0.22% and appreciates the relative price by 0.64%. Second, as shown in
the second line of panel A and B in Table 13, the predictions of the model abstracting from labor
market frictions are strongly rejected: the slope of the cointegrating vector [ (vy) is statistically
significantly different from zero (one).

We now assess if our conclusion for the whole sample also holds for each country. To do so we
run again the regression of relative wage and relative price on relative productivity by letting § and
~v vary across countries. Table 14 shows DOLS and FMOLS estimates for the eighteen countries
of our sample. The first result that emerges is that the responses display a wide dispersion across
countries. The second result is that despite these large cross-country variations, higher productivity
in tradables relative to non tradables significantly lowers w in all countries while p rises less than
the productivity differential.

Because long-run movements in both the relative wage and relative price reveal the presence of
labor market frictions, we also run the regression of the change in the unemployment rate differential
between tradables and non tradables on the relative productivity of tradables in growth rate:>3

duz:t — dulN,t =n+0o. (&Zt — &fvt) + zi s, (49)

where 7; are the country fixed effects and z;; are i.i.d. error terms. As can be seen in the first line
of Table 17, a 1% increase in the relative productivity of tradables lowers the unemployment rate
in the traded relative to the non traded sector by 0.034 percentage point. Columns 2 to 4 reveal
that our result is robust to the inclusion of control variables for labor market regulation and thus
sectoral unemployment rates adjust unevenly in all specifications.?*

E.5 Split-Sample Analysis

In this subsection, we provide more details about the split-sample analysis we perform in the main
text in order to differentiate the effects of a productivity differential according to the degree of labor

53Gince time series for the unemployment rate differential do not display a unit root process, we express
labor productivity in growth rate. Moreover, on average, the time horizon is too short to recourse to
cointegration techniques.

541n the second (third) column of Table 17, we include employment protection legislation adjusted with
the share of permanent workers (unemployment benefit replacement rate) since these variables are available
for a yearly basis. The fourth column shows that results are unchanged when we add two control variables.
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Table 13: Panel Cointegration DOLS Estimates of 3 and « for Sub-Samples when the Split
is Based on Sample Mean

Whole Sub-Samples
Sample 0 | BargCov | EPLgg LMR
A.Relative Wage
3 —0.223¢ - - - -
(0.009)
t(B)=0 0.000 — — - —
BH — —0.261¢ —0.242¢ —0.165¢ —0.166°
(0.016) (0.014) (0.012) (0.010)
B — —0.158¢ —0.180¢ —0.130¢ —0.113¢
(0.011) (0.014) (0.017) (0.020)
t(BE = pH) — 0.000 0.000 0.000 0.000
B.Relative Price
~y 0.646° - - - -
(0.015)
t(4) =1 0.000 - - - -
~H — 0.791¢ 0.555% 0.501¢ 0.257¢
(0.168) (0.088) (0.157) (0.153)
~F — 1.123¢ 1.388¢ 0.205 0.502%
(0.108) (0.193) (0.140) (0.159)
t(yF = 4H) — 0.000 0.000 1.000 0.011
Time period 1970-2007 |[ 1970-2007 | 1970-2007 | 1985-2007 | 1985-2007
Observations 680 642 642 414 390
Countries 18 17 17 18 17
mean LMR (high) — 0.609 0.864 2.280 1.376
mean LMR (low) — 0.391 0.491 1.296 -0.512

Notes: ¢, ® and ¢ denote significance at 1%, 5% and 10% levels. Heteroskedasticity and autocorrelation consistent standard
errors are reported in parentheses. The rows t(,@) = 0 and t(%) = 1 report the p-value of the test of Hyp : f = 0 and
Hop : v = 1 respectively. To investigate whether LMR influences the responses of the relative wage, (3, and the relative price,
v, to a productivity differential, we split the sample of 18 OECD countries into two subsamples by using the sample mean
and run the regressions (48a)-(48b) for the high and low-labor market regulation countries. 3 (8%) and vH (y%) capture
the responses of the relative wage and the relative price, respectively, in countries with high (low) labor market regulation.
The row t(8% = BH) (t(3% = 4)) reports the p-value of the test of Ho : & = g7 (3L = 4H). ¢ is the unemployment
benefits replacement rate, 'EPL,q;’ the strictness of employment protection against dismissals adjusted with the share of
permanent workers, 'BargCov’ the bargaining coverage and 'LMR’ the labor market regulation index obtained by using a
principal component analysis
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Table 14: Panel Cointegration Estimates of ; and 7; for Each Country (egs. (48a)-(48b))

Relative wage equation | Relative price equation
Country ADOLS 3FMOLS ;y'_DOLS ,S//_FMOLS
AUS —0.047 —0.062° 0.567¢ 0.559¢
(—1.51) (—2.19) (10.95) (10.88)
AUT —0.220 —0.231¢ 0.687 0.689“
(—12.62) (—13.95) (20.14) (21.89)
BEL —0.150¢ —0.135% 0.732¢ 0.740¢
(—6.36) (—5.74) (17.49) (17.52)
CAN —0.298¢ —0.299 0.549¢ 0.524°
(—6.11) (—7.19) (4.95) (5.19)
DEU —0.502* —0.493 0.532° 0.517¢
(—20.60) (—22.90) (9.76) (10.70)
DNK —0.366" —0.355% 0.361“ 0.357¢
(—4.96) (—5.86) (9.51) (12.63)
ESP —0.231¢ —0.236 0.689¢ 0.709¢
(—8.30) (—11.10) (19.14) (21.50)
FIN —0.197¢ —0.193¢ 0.645° 0.628“
(—11.14) (—12.99) (19.98) (23.02)
FRA —0.396" —0.395% 0.787 0.790°
(—6.56) (—7.00) (29.79) (31.01)
GBR —0.152° —0.161 0.842 0.810
(—2.35) (—2.94) (6.63) (7.41)
IRL —0.187% —0.193% 0.554“ 0.562“
(—3.64) (—4.20) (18.09) (19.20)
ITA —0.265 —0.282¢ 0.761% 0.727%
(—10.04) (—11.74) (23.91) (23.34)
JPN —0.161* —0.157¢ 0.879“ 0.898“
(—8.05) (—9.29) (42.50) (41.06)
KOR —0.403“ —0.393% 0.529¢ 0.532¢
(—10.77) (—12.53) (40.46) (45.58)
NLD —0.331¢ —0.307* 0.724° 0.731¢
(—5.90) (—5.82) (15.95) (18.04)
NOR —-0.071* —0.081 0.094 0.034
(—5.84) (—6.17) (0.75) (0.29)
SWE —0.020 —0.009 0.908“ 0.882¢
(—0.66) (—0.52) (11.23) (18.13)
USA —0.017 —0.033 0.784° 0.765°
(—0.69) (—1.47) (23.50) (24.80)
EU-12 —0.252¢ —0.249 0.685“ 0.679°
(—26.89) (—30.24) (58.20) (64.78)
All sample | —0.223% —0.223¢ 0.646° 0.636"
(—29.72) (—33.85) (76.54) (83.01)

Notes: Heteroskedasticity and autocorrelation consistent t-statistics are
reported in parentheses. ¢, ® and ¢ denote significance at 1%, 5% and
10% levels.
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market regulation.

E.5.1 Relative Wage and Relative Price Effects of Higher Relative Productiv-
ity of Tradables: Implications of Labor Market Regulation

To empirically explore the implications of labor market regulation for the effects of a productivity
differential between tradables and non tradables, we apply cointegration techniques and perform a
simple split-sample analysis. We consider three indicators which capture the extent of regulation on
labor markets: the unemployment benefit replacement rate, the collective bargaining coverage, and
the employment protection legislation index. We also we have recourse to a principal component
analysis to construct an indicator that gives a more accurate measure of the degree of labor market
regulation. Source and data construction are detailed in section A. We take the median to split the
sample of 18 countries in 9 countries with high and 9 economies with low labor market regulation.
Table 15 shows values of each labor market indicator for each country. For each indicator, countries
are ranked in decreasing order.

We first compare the relative wage behavior of 9 countries with high and 9 economies with low
labor market regulation by running the regression of the relative wage on relative productivity for
each sub-sample:

wi = 0; + 5° (azt — %N,t) +vyy, c¢=HL, (50)

where B (3%) captures the response of the relative wage to a productivity differential in countries
with higher (lower) labor market regulation.

We adopt a similar approach for the relative price. Because the movements in the relative price
of non tradables can be influenced by changes in the cost of entry in product market triggered by
competition-oriented policies, we add country-specific linear time trends when we run the regression
for each sub-sample in order to control for these effects:

Pie =0 +ait +9° (aiy —aly) +uig, c=H,L, (51)

where v (y¥) captures the response of the relative price to a productivity differential in countries
where the index that captures the extent of labor market regulation is above (below) the median.
Because the movements in p can be influenced by changes in the cost of entry in product market
triggered by competition-oriented policies, we add country-specific linear time trends, «;t, when we
run the regression (51) for each sub-sample in order to control for these effects.

Building on our model’s predictions, we expect the relative wage to decline more (i.e., |37
is expected to take higher values) and the relative price to appreciate less (i.e., |y is expected
to take lower values) in countries where the unemployment benefit scheme is more generous (i.e.,
o is higher) or the collective bargaining coverage is greater (i.e., BargCov is higher). While we
expect the relative wage to decline more in countries with strictness legislation against dismissals
(i.e., EPLgyg; takes higher values), the relative price should appreciate by a larger amount. While
estimates shown in Table 13 corroborate all of our hypothesis related to the implications of labor
market regulation for the relative wage and relative price effects of a productivity differential, Table
16 shows results when we base the split-sample analysis on sample mean for the three dimensions
of labor market regulation. Reassuringly, all of our conclusions hold when we base the split of the
sample of 18 OECD countries on sample mean. In a nutshell, our results are robust to the threshold
used to perform the split-sample analysis.

E.5.2 Effect on Unemployment Rate Differential of Higher Relative Produc-
tivity of Tradables: Implications of Labor Market Regulation

One prediction of the two-sector model with search frictions developed in the paper is that a pro-
ductivity differential between tradables and non tradables lowers the unemployment rate in both
the traded and non traded sector, the decline of the former being larger than that of the latter.
When we investigate the implications of labor market regulation, our model also predicts that the
decline in the unemployment rate differential between tradables and non tradables following higher
relative productivity of tradables is more pronounced in countries where labor markets are more
regulated. To test these predictions, we proceed in two stages.
Firstly, indexing countries and time by ¢ and ¢ respectively, we explore the following relationship
empirically:
duly —duly =mi+ o . (4], — aly) + N .LMR;y + 24, (52)

where 7; are the country fixed effects and z;; are i.i.d. error terms. The dependent variable is the
difference between the change in the unemployment rate in the traded sector and the change in the
unemployment rate in the non traded sector (so that the unemployment rate differential is expressed
in percentage point); we construct the productivity differential by taking growth rates in order to
remove the time trend, i.e., dg:t — &i\ft, since az; — ai[\tf displays a unit root process, see section E.2.
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Table 15:

Split-Sample Analysis:

Labor Market Indicators

Collective Bargaining

Unemployment Benefit

Employment Protection

Labor Market

Coverage Replacement Rate Legislation Regulation
(1) (2) (3) (5) (6) (7) (8)
AUT 97.10 DNK 72.21 NLD 2.60 AUT  1.82
BEL 94.22 BEL 66.86 ITA 2.53 NLD  1.81
SWE 89.08 NLD 66.70 AUT 2.48 SWE  1.51
FIN 86.07 GBR 63.04 DEU 2.36 FRA  1.32
FRA 85.38 DEU 61.39 SWE 2.31 DNK 1.31
NLD 84.50 FIN 59.33 FRA 2.11 FIN 1.28
ITA 83.26 IRL 53.65 NOR 2.06 BEL  1.16
DNK 82.45 CAN 53.60 ESP 2.04 ESP 1.09
ESP 75.51 JPN 51.24 FIN 2.02 DEU  1.07
AUS 70.89 AUT 49.85 KOR 1.98 ITA 0.89
NOR 69.89 AUS 49.62 DNK 1.93 NOR  0.80
DEU 69.38 SWE 48.19 BEL 1.65 IRL  -0.17
IRL 57.58 FRA 47.18 JPN 1.49 AUS  -0.19
GBR 44.83 NOR 43.18 IRL 1.32 GBR -0.86
CAN 35.75 ESP 41.34 AUS 1.21 JPN -0.92
JPN 24.15 KOR 37.51 GBR 1.02 CAN -1.18
USA 20.28 USA 25.72 CAN 0.81 USA  -247
KOR 10.50 ITA 7.68 USA 0.24 KOR  n.a.
Mean 65.60 Mean 49.91 Mean 1.79 Mean  0.40

Notes: Data coverage for Unemployment benefit replacement rate: 1970-2007 (2001-2007 for KOR). Data coverage for
collective bargaining coverage: 1970-2007 for AUS, AUT, CAN, DEU, DNK, FIN, GBR, IRL, ITA, JPN, SWE and USA,
1970-2005 for NLD and NOR, 1970-2002 for BEL and FRA, 1977-2004 for ESP and 2002-2006 for KOR. Data coverage
for the employment protection legislation index adjusted with the share of permanent workers in the economy: 1985-2007
(1990-2007 for KOR). The labor market regulation index is obtained by using a principal component analysis and thus the
data coverage corresponds to the shortest period among the three indicators used.

Table 16: Panel Cointegration Estimates of 3 and v for Sub-Samples

LMR 0 BargCov EPLgj LMR
DOLS FMOLS DOLS FMOLS | DOLS FMOLS | DOLS FMOLS

A.Relative Wage

gH —0.261* —0.255% | —0.233¢ —0.232* | —0.168* —0.176* | —0.160* —0.164“
(—23.04) (—25.65) (—27.28) (—30.59) (—30.76) (—33.77) (—30.37) (—32.12)

gL —0.158* —0.166* | —0.163* —0.168* | —0.116* —0.113* | —0.107* —0.108%
(—16.34) (—19.14) (—9.32) (—11.23) (—11.63) (=7.74) (—10.08) (—6.72)

t(BL = ﬁH) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

B.Relative Price

~H 0.791¢ 0.776% 0.754% 0.713% 0.442¢ 0.353% 0.464% 0.371¢
(6.37) (7.15) (10.19) (10.90) (5.85) (4.76) (6.15) (5.14)

~E 1.123% 1.037* 1.410% 1.346% 0.214 0.281¢ 0.206 0.296°
(12.81) (13.60) (8.96) (9.92) (1.48) (2.72) (1.14) (2.46)

t(yt = A4H) 0.000 0.000 0.000 0.000 0.723 0.999 0.804 1.000

Time period 1970-2007 1970-2007 1985-2007 1985-2007

Countries 17 17 18 17

Observations 642 642 414 390

mean LMR (high) 0.609 0.823 2.221 1.280

mean LMR (low) 0.391 0.365 1.108 -0.964

Notes: @ and b denote significance at 1% and 5% levels. To investigate whether labor market regulation influences the responses
of the relative wage, 3, and the relative price, 7, to a productivity differential, we split the sample of 18 OECD countries into two
subsamples and run the regressions (50)-(51) for the high and low-labor market regulation countries. S (8%) and v (y%) capture
the responses of the relative wage and the relative price, respectively, in countries with high (low) labor market regulation. The row
t([?L = ,G’H) (t(3% = 4M)) reports the p-value of the test of Hp : /L = gH (3% = 4H). *¢ is the unemployment benefits replacement
rate, '"EPL,q;’ the strictness of employment protection against dismissals adjusted with the share of permanent workers, 'BargCov’
the bargaining coverage and 'LMR’ the labor market regulation index obtained by using a principal component analysis.

Since sectoral unemployment rates can be directly affected by labor market regulation, we add a
control LM R;; which varies over time. Because bargaining coverage is available on a yearly basis for
four countries only, whilst data availability is erratic for the rest of countries, we do not include this
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Table 17: Panel OLS Estimates of o for the Whole and Sub-Samples (eqgs. (52)-(53))

Unemployment differential eqs. (52)-(53)
Without Control | with EPL 4 with ¢ | with EPL,q and o
(1) (2) (3) (4)
o —0.034¢ —0.034° —0.037¢ —0.037¢
(—2.58) (—2.57) (—2.76) (—2.75)
AEPL —0.001 —0.001
(—0.05) (—0.24)
Ao —0.016 —0.016
(—1.60) (—1.61)
ot —0.036° —0.036° —0.040° —0.041°
(—1.77) (—=1.71) (—1.90) (—1.95)
pNis 0.001 —0.001
EPL (0.01) (—0.20)
A —0.016 —0.016
(—1.23) (—1.23)
ol —0.033¢ —0.031¢ —0.034¢ —0.032¢
(—1.86) (—1.72) (—1.89) (—1.68)
Aep —0.004 —0.005
(—0.40) (—0.56)
)\é —0.015 —0.016
(—0.94) (—1.00)
Number of observations 164 164 164 164
Number of countries 14 14 14 14

Notes: all regressions include country fixed effects. @ (¢) denotes significance at 1% (10%) level. We split the sample of 14
OECD countries into two subsamples on the basis of the mean sample of the labor market regulation ('LMR’) index obtained
by using a principal component analysis. The number of observations of the sub-sample of countries with high (low) labor
market regulation is 94 (70). We estimate the regression (53) for countries with high or low LMR, without (column 1)
or with one (columns 2 and 3) or two (column 4) labor market control variables.; o (o) captures the response of the
unemployment rate differential between tradables and non tradables, respectively, in countries with high (low) labor market
regulation. "EPL,g;’ is the strictness of employment protection against dismissals adjusted with the share of permanent
workers, o’ is the unemployment benefits replacement rate.

indicator in our analysis. On the contrary, the adjusted employment protection legislation index,
ELP,4, and the unemployment benefit replacement rate, g, are available on a yearly basis since
1985, except Korea.

Turning to the implications of labor market regulation, we perform a split-sample analysis on
the basis of the labor market regulation index, LM R;;, shown in the last column of Table 15 which is
an overall indicator reflecting all the dimensions of labor market institutions obtained by running a
principal component analysis. We explore the following relationship empirically for each sub-sample:

duly — duly = 6; + o* . (al, —a;) + \* LMRyy + 24, k=H,L, (53)
where o (o) captures the response of the relative unemployment rate of tradables to a rise in
the productivity differential in countries where the labor market regulation index, LM R;;, is above
(below) the mean.

Results are shown in Table 17 which reports both estimated values for o and A. In accordance
with our model’s predictions, estimated values of ¢ in eq. (52) are negative across all specifications,
i.e., higher productivity of tradables relative to non tradables lowers more the unemployment rate of
tradables than tthat of non tradables. When we run the regression (53), we also find empirically that
the unemployment rate of tradables falls more relative to the unemployment rate of non tradables

in countries where labor market regulation is more pronounced, i.e., o < o% < 0.

E.6 State-Dependency Effects of Higher Relative Productivity of Trad-
ables

In the main text, we differentiate the effect of higher relative productivity of tradables relative to non
tradables on the relative wage, the relative price of non tradables and the relative unemployment
rate of tradables across stages of the business cycle. We provide below more details about data
construction and consider recessions/expansions of lower durations whilst in the main text, we
restrict attention to recessions and expansions which last at least three years.

Identifying Recession and Expansion Periods. In order to contrast the effects of tech-
nology shocks biased toward the traded sector in expansions with those in recessions, we have to
identify the state of the economy across the business cycle. Following standard practice (see Riera-
Crichton, Vegh, and Vuletin [2015] for instance), we define a recession period as a situation where
the output gap declines, i.e., the economy is moving from its peak to trough, and an expansion
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period as a situation where the output gap increases, i.e., the economy is moving from its trough to
peak. Denoting real GDP in country ¢ at time ¢ by Y;; and logged real GDP with low case letters,
Yit, applying a Hodrick-Prescott filter with a smoothing parameter of A = 100 (as we use annual
data), we obtain a measure of the output gap which allows us to identify expansions and recessions:

Expansions: dyit — dyir > 0, (54a)
Recessions: dyit — dyiz < 0, (54b)

where ¥;; is the potential GDP at time ¢ in country .

This measure of the state of the economy can be criticized on the grounds that recession periods
are not necessarily periods of high unemployment, see Ramey and Zubairy [2017]. We alternatively
identify expansion and recession periods by calculating the difference between actual unemployment
(as a share of the labor force), denoted by w;, and the natural rate of unemployment, ;;:

Expansions: Uip — Usp < 0, (5ba)
Recessions: w;p — Uz > 0, (55b)

where @;; is obtained by applying a Hodrick-Prescott filter with a smoothing parameter of A = 100
to the time series of unemployment rate, u;;. Definition (55) implies that unemployment increases
in recessions and declines in expansions.

Descriptive Statistics. Before turning to estimates, it is useful to look at the descriptive
statistics related to expansions and recessions summarized in Table 18 for the output gap dummy
and in Table 19 for the unemployment rate gap dummy. In each table, columns (1) and (2) ((3)
and (4) resp.) give for each of the 18 OECD countries of our panel the percentage of time spent
in expansion and recession states which last at least two (three resp.) consecutive years. Using the
same thresholds of durations, columns (5) to (8) gives the average duration of episodes of expansion
and recession. For all columns, the last line shows the 18 OECD countries’ average. Some features
deserve some comments.

First, data indicate that for both measures of the state of the business cycle the time spent
in expansions which last at least two years amounts to 52% on average (see column (1) of Tables
19 and 20). Notably, our estimates are well in line with that reported in Riera-Crichton, Vegh,
and Vuletin [2015] who document that industrial countries spend, on average, 50% of the time in
an expansionary regime. Moreover, the number of years identified as recessions in higher with the
unemployment rate gap dummy (45%) than that when using the output gap dummy (35%).5®> This
discrepancy between our two measures of the state of the business cycle may reflect the high degree
of persistence of the unemployment rate during bad times.?¢ Second, when we restrict attention to
episodes of recessions and expansions which last at least three consecutive years, a typical OECD
economy spends on average 42% of the time in expansion for our two measures of the state of the
economy. The corresponding figures for persistent recessions measured with the output gap and the
unemployment rate gap are 23 and 48 percent, respectively. Once again, time spent in bad times
is found to be higher when we use the unemployment rate gap to identify the state of the economy
in the business cycle. Third, columns (5) and (6) of Table 18 reveal that a typical business cycle
identified with the output gap dummy has a duration of 6.4 years including an expansion of 3.4 years
and a recession of 3 years. When using the unemployment rate gap dummy, the duration of the
cycle is higher with a cross-country average of 9.2 years characterized by an expansion of 4.3 years
and a recession of 4.9 years (see Table 19). Obviously, dropping short expansions and recessions of
one or two years, increases the average duration of each state of the economy as shown in columns
(7) and (8) of both tables.

Empirical Strategy. Once we have identified periods of expansion and recession for each
OECD country, we conduct a split-sample analysis to assess the role of the state of economy for
the transmission of higher relative productivity of tradables. Hence, we compare the elasticity of
variable x = w, p,u” — u!V for periods of expansion with the elasticity for periods of recession. We
run the regression for each sub-sample:

r;, = 0; +a® .productivity differential?, + ¢; ;, (56)

%The figures in columns (1) and (2) (along with (3) and (4)) do not sum up to 1 because by considering
only expansions and recessions which last at least two or three consecutive years, we drop all observations
corresponding to expansions or recessions of smaller duration.

56 Another explanation relies to the fact that recession periods identified with the output gap are not
necessarily periods in which actual unemployment is higher than its natural rate. As argued by Ramey and
Zubairy [2017], a recession defined by a negative output gap may include periods in which unemployment
is rising but lower than its trend level, and hence is not an indicator of a state of slack according to the
unemployment rate gap dummy.
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Table 18: State of the Business Cycle: Output Gap Measured by (54)

Fraction of Time in Exp. (L) or Rec. (H) || Duration (years) of Exp. (L) or Rec. (H)
L>2y H>2y | L>3y H> 3y L>2y H>2y | L>3y H> 3y
(1) (2) (3) (4) (5) (6) (7) (8)

AUS 0.297  0.351 0.189 0.081 2.750  2.167 3.500 3.000
AUT 0.514  0.297 | 0.405 0.243 3.167  2.750 3.750 3.000
BEL 0.514  0.297 | 0.405 0.243 3.167  2.750 3.750 3.000
CAN 0.514 0.243 0.297 0.081 2.714 2.250 3.667 3.000
DEU 0.541 0.432 0.432 0.216 3.333 2.667 4.000 4.000
DNK 0.541 0.378 0.432 0.270 3.333 3.500 4.000 5.000
ESP 0.541 0.432 0.486 0.378 4.000  4.000 | 4.500 7.000
FIN 0.622  0.324 0.514 0.324 4.600  4.000 6.333 4.000
FRA 0.595  0.324 0.541 0.270 3.667  3.000 | 4.000 3.333
GBR 0.595 0.351 0.541 0.189 3.667 2.600 4.000 3.500
IRL 0.432 0.405 0.378 0.189 4.000 2.500 4.667 3.500
ITA 0.514  0.351 0.351 0.189 3.167  2.600 | 4.333 3.500
JPN 0.471 0.500 0.353 0.382 3.200  2.833 4.000 3.250
KOR 0.459  0.270 0.243 0.108 2.429  2.500 3.000 4.000
NLD 0.541 0.405 0.541 0.405 3.333 5.000 3.333 5.000
NOR 0.568 0.351 0.405 0.189 3.000 2.600 3.750 3.500
SWE 0.541 0.378 0.486 0.378 4.000  3.500 | 4.500 3.500
USA 0.649  0.243 0.649 0.081 4.800  2.250 | 4.800 3.000
Panel 0.525 0.352 0.425 0.234 3.463 2.970 4.105 3.782

Notes: L refers to low unemployment (i.e., the economy is in expansion) and H to high unemployment
(i.e., the economy is in recession); y is the contraction for years.

Table 19: State of the Business Cycle: Unemployment Gap Measured by (55)

Fraction of Time in Exp. (L) or Rec. (H) || Duration (years) of Exp. (L) or Rec. (H)
L>2y H>2y | L>3y H> 3y L>2y H>2y | L>3y H> 3y
(1) (2) (3) (4) () (6) (7) (8)

AUS 0.447  0.447 0.395 0.395 3.400  3.400 3.750 3.750
AUT 0.500  0.447 | 0.342 0.447 2.833  3.800 3.250 4.250
BEL 0.500  0.500 0.447 0.474 3.800  4.750 | 4.250 4.500
CAN 0.447 0.500 0.447 0.395 3.800 3.400 4.250 3.750
DEU 0.474 0.500 0.500 0.474 4.750 4.500 4.750 4.500
DNK 0.500 0.421 0.421 0.447 4.000 3.800 4.000 4.250
ESP 0.579  0.421 0.421 0.579 5.333  7.333 5.333 7.333
FIN 0.605  0.395 0.395 0.553 3.750  5.750 3.750 7.000
FRA 0.447  0.526 0.474 0.421 4.000  5.667 | 4.500 5.333
GBR 0.579 0.395 0.395 0.579 5.000 5.500 5.000 5.500
IRL 0.526 0.474 0.474 0.474 4.500 5.000 4.500 6.000
ITA 0.474 0.395 0.342 0.474 5.000 4.500 6.500 4.500
JPN 0.471 0.529 0.529 0.441 6.000  5.333 6.000 5.000
KOR 0.632  0.368 0.368 0.632 4.667  8.000 | 4.667 8.000
NLD 0.474 0.447 0.395 0.421 4.250 4.500 5.000 5.333
NOR 0.500 0.472 0.417 0.444 4.250 3.600 5.000 4.000
SWE 0.526  0.421 0.368 0.447 4.000  5.000 | 4.667 5.667
USA 0.526  0.421 0.421 0.526 4.000  4.000 | 4.000 4.000
Panel 0.512 0.449 0.420 0.479 4.296 4.880 4.620 5.148

Notes: L refers to low unemployment (i.e., the economy is in expansion) and H to high unemployment
(i.e., the economy is in recession); y is the contraction for years.
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where the superscript s = H, L refers to the High unemployment (i.e., recession) and Low unem-
ployment (i.e., expansion). For each sub-sample s, we estimate the elasticity « for the relative wage
(labelled 3%), the relative price (labelled v*), and the unemployment differential (labelled ¢*). For
the relative price and the relative wage of nontradables, the labor productivity differential is ex-
pressed in level, i.e. (a7 —a®) as we employ cointegration techniques to tackle the presence of unit
roots in p, w and (a” — a'V). Instead, when estimating the change in the unemployment differential
for each sub-sample, 0%, the productivity differential is expressed in growth rate as (a7 — aV) and
we use a panel fixed effects regression.

Table 20 presents the estimated elasticity v* and 3° for s = H, L from regression (56) in which
the dependent variable is either relative wage or the relative price of nontradables.?” In columns
(1) and (2), the state of the business cycle is identified with the sign of the output gap, and to
allow for the possibility of state-dependence that might arise only in more persistent recessions or,
alternatively, during extreme booms, we consider 2 different durations: expansions and recessions
which last 2 years or more (column (1) labelled > 2y) and 3 years or more (column (2) labelled
> 3y). The same exercise is repeated in columns (3) and (4) with our second measure of the state
of the economy, i.e. the unemployment rate gap.

We refer column (2) as the baseline scenario. For the relative wage, the estimated coefficients gH
and B of -0.289 and -0.215 are highly significant. For the relative price equation, the corresponding
estimated coefficients are v = 0.581 and y* = 0.638 and are significantly different from zero too.
In line with model’s predictions, the relative wage falls more (37 < 8% < 0) while the relative price
appreciates less in recessions than in expansions (0 < v < 41). Remarkably, the difference in the
estimated coefficient for w is statistically significant, as shown in the line t(BL = BH) the slope of the
cointegrating vector in expansion 3 is statistically different (at the 4% level) from the estimated
coefficient in recession 3*. However, the difference (v — L) is not statistically significant.

Next, our main conclusions are robust to the variable used to measure the state of the economy.
Whether we identify 3-year expansions and recessions with output gap (column (2)) or unemploy-
ment rate gap (column (4)), the estimates remain highly significant. For the relative wage equation,
one can see some indication that the estimated coefficient in recession increases from 3% = —0.289
with the output gap to f = —0.242 with the unemployment rate gap. Regarding the relative price
of nontradables, using an alternative measure of the state of the business cycle does not affect the
results as the estimated coefficients (v = 0.631 and v# = 0.630) are both significantly different
from zero but the hypothesis v = v can not be rejected at conventional level.

Finally, the duration of regimes does not seem to drive the results. Specifically, when contrasting
our estimates in columns (2) and (4) for the baseline scenarios with those shown in columns (1)
and (3) respectively, for the alternative duration of expansions and recessions, our main conclusions
hold: i) the estimated coefficients v* and (3° for s = H, L are all statistically different from zero, iii)
these estimates are close to their corresponding baseline values displayed in columns (2) and (4),
and, iii) in all these runs one can verify that v* > " >0 and 0 > g > g .

In Table 21, we present our estimated elasticity o® for s = H, L from regression (56) applied
to the unemployment differential. In all regressions, we find that |of/| > |oL|. This result confirms
our theoretical model which implies that the unemployment differential between tradables and non
tradables falls more in recessions than in expansions. Note that when we use the output gap
dummy (unemployment rate resp.) to identify periods of recession and expansion, the coefficient
o' is significant at least at the 10% level when considering the unemployment gap to identify the
state of the economy in the business cycle. A possible explanation for this lack of significance is
that our dataset covers only 11 countries split into two sub-samples which reduces significantly the
number of observations.

E.7 Trade Balance Adjustment and Labor Market Regulation

In the main text, we show that the effects of higher relative productivity of tradables can be broken
down into a labor market frictions effect and a labor accumulation effect. For the baseline calibration,
we find numerically that the labor accumulation effect more than offsets the labor market frictions
effect so that the relative price of non-tradables appreciates less than proportionately (i.e., by a lower
amount than the productivity differential), the relative wage of non-tradables and the unemployment
differential between tradables and non-tradables decline, in line with our estimates. Intuitively, in
an open economy model where workers experience mobility costs, higher relative productivity of
tradables leads traded firms to post more job vacancies than non-traded firms in order to encourage
workers to shift toward the traded sector. Because the hiring process is costly and labor mobility
costs increases hiring expenditure, a current account deficit shows up which must be offset by a
long-run rise in net exports. By amplifying the long-run increase in net exports, LMR biases labor

5"TBecause DOLS and FMOLS estimates are very similar, for clarity purposes, Table 20 shows FMOLS
estimates only.
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Table 20: Panel FMOLS Estimates of 5 and v for Expansions and Recessions

Duration (years) of Exp. (L) and Rec. (H)
Output Gap Unempl. Gap
> 2y >3y > 2y > 3y
(1) (2) (3) (4)
A.Relative Wage
BH —0.235¢ —0.289¢ —0.244 —0.242¢
(0.011) (0.028) (0.010) (0.010)
Br —-0.206% | —0.215¢ —-0.217* | -0.219¢
(0.008) (0.008) (0.009) (0.010)
t(6" = ph) 0.110 0.039 0.147 0.246
B.Relative Price
vH 0.651¢ 0.581¢ 0.616“ 0.630
(0.016) (0.075) (0.018) (0.019)
o 0.651¢ 0.638% 0.636“ 0.631¢
(0.012) (0.013) (0.012) (0.013)
t(7H = 4%) 1.000 0.522 0.516 0.992
Time period 1971-2007 | 1971-2007 || 1970-2007 | 1970-2007
Observations 581 437 651 609
Countries 18 18 18 18

Notes: ¢, ® and ¢ denote significance at 1%, 5% and 10% levels. Heteroskedasticity
and autocorrelation consistent standard errors are reported in parentheses. /H
and vH (8L and ~L) refer to the responses of the relative wage and the relative
price, respectively, when unemployment is high (low), i.e., when the economy is in
recession (expansion). The row t(3H = BL) (t(3H = 4%)) reports the p-value of
the test of Ho : B = gL (42 = 4L).

Table 21: Panel OLS Estimates of o for Expansions and Recessions

Duration (years) of Exp. (L) and Rec. (H)
Output Gap Unempl. Gap
> 2y > 3y > 2y > 3y
(1) (2) (3) (4)

o —0.038 —0.052 —0.042° —0.043°

(0.041) (0.055) (0.018) (0.018)
ol —0.035¢ —0.034¢ —0.018 —0.026

(0.018) (0.019) (0.032) (0.033)
t(eH =6t) 0.960 0.810 0.632 0.741
Time period | 1970-2007 | 1970-2007 || 1970-2007 | 1970-2007
Observations 138 109 146 140
Countries 11 11 11 11

Notes: %, b and ¢ denote significance at 1%, 5% and 10% levels. Het-
eroskedasticity and autocorrelation consistent standard errors are reported
in parentheses. oI (o€) refer to the responses of the unemployment dif-
ferential when unemployment is high (low), i.e. the economy is in reces-
sion (expansion). The row t(6H = &%) reports the p-value of the test of
Hp : 67 = 6L, We exclude Belgium, Japan, and the United States from
the sample since for these countries, the time horizon is too short and they
display either one recession or one expansion but not both.

demand toward the traded sector. More specifically, in an economy where labor markets are more
regulated, there are more job seekers and less job vacancies and thus the labor market tightness is
lower which makes hiring more profitable. Firms recruit more workers which amplifies the current
account deficit and further increases net exports in the long-run, thus resulting in a higher demand
for traded goods. In line with our hypothesis, we find numerically that w and the unemployment
differential decline more in countries where labor markets are more regulated and the relative price
appreciates less. As emphasized in section 4.2, only the generosity of the unemployment benefit
scheme and the worker bargaining power influence the strength of the labor accumulation channel
while EPL operates through the labor market frictions channel.

Since the labor accumulation effect plays a key role in reconciling the theory with our empirical
findings, we provide below some evidence which supports the labor accumulation channel. More
specifically, we run the regression in panel data of the balance of trade (in percentage of GDP) on
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Figure 8: Effects of Productivity Growth Differential between Tradables and Non-Tradables
on Net EXpOI‘tS. Notes: Figure 8 plots OLS estimates of trade balance responses to a labor productivity growth
differential against indicators of labor market regulation. Vertical axis plots panel OLS estimates of 31 obtained by
running regression (57) for one country at a time. Horizontal axis displays the labor market regulation index. The
generosity of unemployment benefit scheme is measured by the average of net unemployment benefit replacement rates
for three duration of unemployment (source: OECD); the worker bargaining power is measured by the bargaining
coverage (source: Visser [2009]); in Figure 8(c), we have recourse to a principal component analysis in order to have

one overall indicator encompassing the two dimensions of labor market regulation mentioned above. Sample: 18
OECD countries, 1970-2007, annual data.

the productivity growth differential:
nwiy =6+ pr . (a" —aV), , + 8. (a7 —a"),, LMR;; + €4, (57)

where nx; = NX,; /Y, ; is the ratio of the trade balance to GDP, (dT — &N)i . is the productivity
growth differential, and LMR; ; is the labor market regulation index obtained7by using a principal
component analysis. Net exports correspond to the external balance of goods and services at current
prices taken from OECD Economic Outlook Database. Because time series for net exports as a
percentage of GDP are stationary and the ratio of productivity of tradables to non-tradables is non-
stationary, we estimate 3; and (2 by using a panel fixed effects regression where the productivity
differential is expressed in growth rates so that the LHS and the RHS are both stationary. It is
worth mentioning coefficients estimated by running the regression (57) capture the long-run effect
of a productivity growth differential.

According to our model’s predictions, a rise in the relative productivity of tradables improves
the balance of trade in the long-run, and all the more so in countries where LMR is higher. It
is worth mentioning that our model predicts an improvement in the balance of trade in the long-
run for the whole sample but the balance of trade adjustment displays a wide dispersion across
countries. More specifically, countries where LMR is low such as the U.S., and/or countries with
low values of the elasticity of substitution between traded and non-traded goods, such as Canada
or the U.K., experience a decline in net exports in the long-run. As a first pass on the implications
of LMR, we estimate (31 by exploring empirically eq. (57) for one country at a time; for each
country, we run the regression of the balance of trade in percentage of GDP on the productivity
growth differential. In Fig. 8, we plot 31 against two indicators of labor market policies, namely the
generosity of the unemployment benefit scheme and the collective bargaining coverage. In line with
our model’s predictions, most of the countries (i.e., two-third) experience a rise in the balance of
trade following a rise in productivity differential between tradables and non-tradables. Importantly,
Fig. 8(a) and 8(b) show that there exists a positive cross-country relationship between the long-run
improvement in the balance of trade and LMR, the latter being captured by the generosity of the
unemployment benefit scheme and collective bargaining coverage, respectively. In Fig. 8(c), we plot
01 against the LMR indicator which encompasses the two dimensions of labor market institutions,
say the generosity of the unemployment benefit scheme and collective bargaining coverage. Since
times series for the unemployment benefit replacement rate and the collective bargaining coverage
are only available after 2000 for Korea, data availability prevents us to construct a consistent LMR,
indicator by using a principal component analysis and thus we exclude this country from our analysis
in Fig. 8(c). In line with our model’s predictions, countries where labor markets are more regulated
experience a greater improvement in the balance of trade.

We now explore empirically equation (57). Our sample excludes Korea since a LMR indicator
which encompasses the two dimensions of the labor market cannot be constructed due to data avail-
ability for this country. The first column of Table 22 shows that a productivity growth differential
between tradables and non-tradables increases the balance of trade in the long-run. The second
column of Table 22 reveals that the increase in the balance of trade is larger in countries where
LMR is higher, in line with our model’s predictions.
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Table 22: Panel Estimates of Regression (57)

(1) (2)

51 0.168° 0.163°

(0.073) (0.074)

B 0.004°

(0.002)

Time period | 1970-2007 | 1970-2007

Observations 626 626
Countries 17 17
Fixed Effects Yes Yes

Notes: @, ® and ¢ denote significance at 1%, 5% and 10% levels.
Heteroskedasticity and autocorrelation consistent standard er-
rors are reported in parentheses.

F Labor Market Frictions and Cross-Country Effects of Higher
Relative Productivity

In this section, we document some evidence indicating that the labor market frictions index con-
structed by Cardi and Restout [2015] cannot account for the cross-country dispersion in the effects
of higher relative productivity when we let this measure vary between countries,

Cardi and Restout [2015] find empirically that a 1% permanent increase in the relative produc-
tivity of tradables leads to an appreciation in the relative price of non-tradables which is smaller
than 1% and lowers the relative wage of non-tradables. To rationalize the evidence, they develop
an open economy version of the neoclassical model with tradables and non-tradables and assume
that agents experience labor mobility costs when shifting hours worked from one sector to another.
Their quantitative analysis reveals that the model can account for the relative price and relative
wage responses to higher relative productivity of tradables as long as workers experience mobility
costs.

To calibrate the model to the data, the authors estimate empirically the degree of labor mobility
across sectors which plays a pivotal role in the quantitative analysis. To measure the degree of labor
mobility, Cardi and Restout [2015] draw on Horvath [2000] and estimate the elasticity of labor
supply across sectors for each country i denoted by €;. To estimate the elasticity of labor supply
across sectors, €;, the authors run the regression in panel format on annual data of the worker inflow
in sector j =T, N of country 7 at time ¢ arising from labor reallocation across sectors computed as
lit — lZ ¢+ on the relative labor’s share percentage changes in sector j, ﬁ] :

Hy—liw=fi+ fr+ 68, +vi,, (58)

ezP'L tYl t
S . 07Pl. Y

j % et

where §; = Eeﬁ, ﬁij,t = with 67 the labor income share averaged over 1970-2007, and

sz,t is an i.i.d. error term; country fixed effects are captured by country dummies, f;, and common
macroeconomic shocks by year dummies, f;. The LHS term of (58) is calculated as the difference
between changes (in percentage) in hours worked in sector j, I’ ;.¢» and in total hours worked, ll ¢
Because hours worked are aggregated by means of a CES functlon percentage change in total hours
worked, ﬁz t, 18 calculated as a weighted average of sectoral hours worked percentage changes, i.e.,

; = Z J—H 61 i1l Z .- Once we have estimated 6; for each country, we can recover ¢; by using the

following formula €; = 6‘511. Estimates of ¢ are shown in Table 23. The correlation between our
estimates and those by Cardi and Restout [2015] is 0.98.

Cardi and Restout [2015] estimate the elasticity of labor supply across sectors for each of the
fourteen OECD countries of their sample. Their estimates of € for the fourteen OECD countries
average 0.61. While the authors use ¢; to calibrate their model to a representative OECD economy
and country-specific data, they do not investigate whether international differences in the elasticity
of labor supply across sectors can account for the cross-country dispersion in the relative price
and relative wage responses they estimate empirically. According to Cardi and Restout’s model
predictions, countries where labor mobility costs are higher experience a smaller appreciation in
the relative price of non-tradables and a larger decline in the relative wage of non-tradables. To
test this hypothesis, in Fig. 9, we plot the FMOLS estimates of the responses of the relative price
and the relative wage to a 1% permanent increase in the relative productivity of tradables against
estimates of the elasticity of labor supply across sectors. In the first row, estimates are taken from
Cardi and Restout [2015] who use a panel of fourteen OECD countries. In the second row, we plot
FMOLS estimates of the relative price and the relative wage responses (see egs. 48) by using our
sample of eighteen OECD countries against the elasticity of labor supply we estimate for each OECD
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Table 23: Estimates of the Elasticity of Labor Supply across Sectors (e)

Country €
AUS 0.635%
(3.17)
AUT 0.547"
(2.41)
BEL 0.325"
(2.26)
CAN 0.455%
(3.07)
DEU 0.736*
(2.68)
DNK 0.149
(1.30)
ESP 1.644°
(2.70)
FIN 0.545%
(3.26)
FRA 1.287°
(2.18)
GBR 1.008“
(3.42)
IRL 0.264*
(2.85)
ITA 0.686"
(2.54)
JPN 0.991¢
(2.60)
KOR 1.448*
(3.31)
NLD 0.223¢
(1.75)
NOR 0.096
(1.34)
SWE 0.443
(3.27)
USA 1.385"
(2.34)
Whole 0.527¢
(11.897)
Countries 18
Observations 1326
Data coverage 1971-2007
Country fixed effects yes
Time dummies yes
Time trend no

Notes: ¢, ® and ¢ denote significance at 1%, 5%
and 10% levels. Heteroskedasticity and autocorre-
lation consistent t-statistics are reported in paren-
theses.
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Figure 9: FMOLS Estimates for Relative Price and Relative Wage Responses to Higher
Relative Productivity against Elasticity of Labor Supply across Sectors. Notes: Horizontal axes
display countries’ estimates of the elasticity of labor supply across sectors, €. Vertical axis display FMOLS estimates
of the relative price and relative wage responses, denoted by v and [, to a 1% permanent increase in the relative
productivity of tradables. The first row of Fig. 9 shows panel data estimations by Cardi and Restout [2015]; sample:
14 OECD countries, 1970-2007. The second row shows our panel data estimations of ¢ and FMOLS estimates of 3
and ~; sample: 18 OECD countries, 1970-2007.

country. Since estimates of € are not statistically significant for the Netherlands and Norway, we
remove these two countries from the scatter-plots shown in the second row. Inspection of the trend
line in Fig. 9 reveals that international differences in the elasticity of labor supply across sectors
cannot account the cross-country dispersion in the relative wage and relative price responses to a
productivity differential.

The first reason to this is that search frictions create a wedge between the marginal product of
labor and the marginal rate of substitution between consumption and leisure which prevents from
estimating consistently labor mobility costs by adopting the methodology of Horvath [2000]. The
second reason is that the degree of labor mobility (i.e., captured by € in Cardi and Restout [2015])
encompasses both labor mobility costs and LMR in our model with imperfectly competitive labor
markets. In our setup with search frictions in the labor market, the degree of labor mobility across
sectors is measured by the elasticity of sectoral employment w.r.t. the marginal revenue product
of labor, denoted by ©7. This term is a function of labor mobility costs and LMR. In a model
with perfectly competitive labor markets such as that considered by Cardi and Restout [2015], ©7
collapses to € which captures the extent of labor mobility costs; when e takes larger values, labor
mobility costs are lower. In the present paper where we consider both labor mobility costs and
search frictions, ©7 is increasing in oy, the worker bargaining power, ay, and the unemployment
benefit replacement rate, o. When we shut down search frictions, ©7 collapses to or. Conversely,
in a model with search frictions, ©7 is a function of labor mobility costs and hiring costs, the latter
being influenced by LMR or the stage of the economy in the business cycle. According to our model’s
predictions, ©7 will take larger values as labor mobility costs are lower and LMR, captured by the
worker bargaining power and/or the unemployment benefit replacement rate, is more pronounced.
Since a fall in labor mobility costs and a rise in LMR have opposite effects on the relative price and
relative wage effects, the empirical strategy proposed by Cardi and Restout [2015] cannot account
for the cross-country dispersion in the relative wage and relative price responses as it stands out from
9. In Online Appendix B, we document some evidence indicating that the cross-country dispersion
in the relative wage responses is driven by international differences in LMR since by using the three
dimensions of LMR, we detect a positive cross-country relationship between the magnitude of the
decline in the relative wage following higher relative productivity and the extent of LMR.
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G Robustness To Alternative Definitions of Hiring Costs

In the main text, both traded and non-traded firms face a cost of posting job vacancies and we
assume that hiring costs paid by traded and non-traded firms are expressed in terms of traded
good. This assumption amounts to considering that each firm produces a final good by renting
labor services from a competitive human resource arm and these employment agencies are treated
as tradables. As a result, hiring costs show up in the current account equation but do not appear
in the market clearing condition for non-tradables.

In this section, we conduct a robustness check with respect to the assumption that recruiting
costs are measured in traded good units. We consider a first extension where we assume that
recruiting costs paid by non-traded firms are non-tradables and hiring costs paid by traded firms
are tradables. We also consider a second extension where hiring costs are expressed in non-traded
good units. Both the the labor market frictions and the labor accumulation channels exert similar
effects as in the baseline model on the relative price, the relative wage and the unemployment
differential. When hiring costs paid by non-traded firms are non-tradables and hiring costs paid by
traded firms are tradables, all of the results found in the paper hold. While we discuss the numerical
results below, section L and section M of the Technical Appendix emphasize the main changes with
respect to the baseline model when we relax the assumption of hiring costs measured in terms of
the traded good, and detail the steps to solve the model together with the analytical decomposition
of steady-state changes in the relative price, the relative wage and the unemployment differential.

We detect some differences quantitatively since the labor market frictions channel is amplified
and the labor accumulation channel is mitigated by assuming that hiring costs are expressed in
terms of the traded as well as the non-traded good. First, when hiring costs are expressed in terms
of the non-traded good, i.e., P(t)x”", the appreciation in the relative price of non-tradables, P(t),
increases the cost per job vacancy. Because the non-traded reservation wage is a function of the cost
per job vacancy, i.e., W (t) = lf‘TWWP(t)nNHN(t) + R, the appreciation in the relative price of
non-tradables further increases Wg which magnifies the rise in the relative wage of non-tradables
w through the labor market frictions channel. Because recruiting costs increase more than in the
baseline model as a result of the appreciation in the relative price of non-tradables, it leads non-
traded firms to moderate their hiring. Because hiring increases less, non-traded output increases by
a smaller amount which amplifies the excess supply of traded goods relative to non-traded goods
and thus magnifies the appreciation in the relative price of non-tradables through the labor market
frictions channel. While any excess of expenditure over total output must be covered by a current
account deficit regardless of their tradedness, recruiting expenditure increases less when recruiting
costs are both traded and non-traded which mitigates the current account deficit in the short-run.
Because net exports rise by a smaller amount in the long-run for the intertemporal solvency condition
to hold, the labor accumulation channel is mitigated.

When hiring costs paid by traded and non-traded firms are both expressed in non-traded good
units, we reach the same conclusion except for an increase the unemployment benefit replacement
rate. We show in section 4 that a rise in the replacement rate exerts two opposite effects. All else
being equal, countries where unemployment benefits are more generous experience a larger current
account deficit in the short-run and thus a greater increase in net exports in the long-run which
depreciates the relative price of non-tradables and amplifies the decline in both the relative wage and
the unemployment differential. While net exports increase more following a rise in the replacement
rate like in the baseline case, more generous unemployment benefits result in a greater mobility of
labor across sectors which mitigates the labor accumulation channel instead of amplifying it. When
hiring costs are expressed in non-traded units, the latter effect dominates because enhanced labor
mobility more than offsets the larger increase in net exports.

G.1 Traded vs. Non-Traded Hiring Costs

To assess the robustness of our results to the definition of the cost per job vacancy, we simulate the
model laid out in section L of the Technical Appendix and contrast the results with those obtained
in the baseline model where hiring costs are expressed in terms of the traded good. To ease the
comparison of both models, we keep the calibration discussed in section I unchanged, except for £V
which must be increased from 0.575 to 0.835 in order to target a non-traded labor market tightness
of 0.34. The hiring costs supported by non-traded firms, i.e., P&V V¥ account for 1.3% of GDP and
hiring costs supported by traded firms, i.e., k7 V7, account for 1.1% of GDP. Column 1 of Table 24
shows our FMOLS estimates for comparison purposes. Columns 2-11 show numerical results when
hiring costs paid by non-traded firms are expressed in non-traded good units and hiring costs paid
by traded firms are expressed in traded good units.

Main results. Like in the baseline case, we correct for the bias caused by search frictions
which vary across sectors (see the last line of each panel). Numerical results show that the bias
caused by search frictions is very small and identical to that in the baseline case where hiring costs
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are measured in terms of the traded good. All of the conclusions reached in the main text hold
when hiring costs are measured in both traded and non-traded good units. More specifically, a 1%
permanent increase in the productivity of tradables relative to non-tradables:

e appreciates the relative price by less than the productivity differential (0.85%, see panel B of
column 2 of Table 24);

e lowers the relative wage (by 0.17%, see panel A of column 2 of Table 24);

e lowers the unemployment differential between tradables and non-tradables (by 0.034%, see
panel C of column 2 of Table 24);

e appreciates p less and further lowers both w and the unemployment differential in countries
where the worker bargaining power is higher (see column 7), or unemployment benefits are
more generous (see column 8), or in recession (see column 10);

e appreciates p more and leads to a larger decline in both w and the unemployment differential
in countries where EPL is stricter (see column 9);

e appreciates p more and lowers less both w and the unemployment differential as labor mobility
costs fall (i.e., we move from column 4 to column 6).

Importantly, the predictions of a model assuming search frictions but abstracting from labor mobility
costs (see column 3 of Table 24) do not fit the data as such a model generates an appreciation in
the relative price which is larger than the productivity differential and increases the relative wage.
However the model is able to produce a fall in the unemployment differential.

Quantitative differences. Quantitatively, we detect some differences which are moderate
however. For comparison purposes, let us recall the results for a representative OECD economy in
the baseline case. As shown in column 2 of Table 3 where hiring costs are expressed in traded good
units, a 1% permanent increase in the relative productivity of tradables generates an appreciation in
the relative price by 0.78% and a decline in the relative wage by 0.22%, and leads the unemployment
differential to fall by 0.011%. As can be seen in column 2 of Table 24, p appreciates more (0.85%
instead of 0.78%), the relative wage falls less (-0.17% instead of -0.22%) and the unemployment
differential falls more (by -0.034% instead of -0.011%). Thus the ability of a model where hiring
costs are both traded and non-traded to account for our estimates is lower for the relative price and
the relative wage but higher for the unemployment differential.

Intuitively, when hiring costs paid by non-traded firms are expressed in terms of the non-traded
good, the appreciation in the relative price through the labor market frictions channel leads to a
smaller increase in job vacancies posted by non-traded firms since the appreciation in the relative
price increases the cost of hiring. Because non-traded labor increases less, the excess supply of traded
goods is larger which amplifies the appreciation in the relative price (1.19% instead of 1.15% in the
baseline scenario). Because the rise in hiring costs caused by the appreciation in the relative price
amplifies the rise in the reservation wage, the non-traded wage increases more relative to the traded
wage (i.e., by 0.14% instead of 0.11%). Since non-traded firms post less job vacancies as a result of
higher recruiting costs, the unemployment rate of tradables falls more than the unemployment rate
of non-tradables. While both the relative price and the relative wage increase more through the
labor market frictions channel, the labor accumulation channel exerts a smaller negative impact on p
(-0.34% instead of -0.36%) and w (-0.32% instead of -0.34%). The reason is that hiring expenditure
increases by a smaller amount than in the baseline case which mitigates the current account deficit
and thus the rise in net exports in the long-run. Because the labor market frictions is larger and
the labor accumulation channel smaller, assuming that hiring costs paid by non-traded firms are
expressed in terms of the non-traded good results in a larger appreciation in p and a smaller decline
in w.

In columns 7 and 8 of Table 24, we assume that hiring costs are both tradables and non-tradables
and investigate the effects of a rise in the relative productivity of tradables in countries where the
worker bargaining power is higher (ay is set to 0.9) and the unemployment benefit scheme is more
generous (g is set to 0.78%), respectively. In line with the results obtained when assuming that
hiring costs are measured in terms of the traded good, increasing the worker bargaining power or
the unemployment benefit replacement rate amplifies the labor accumulation channel which results
in a larger decline in the relative wage and a smaller appreciation in the relative price. However, the
differences are less pronounced than if hiring costs were measured in traded good units. The reason
is twofold. First, in contrast to the baseline model where the labor market frictions channel exerts
s slightly smaller positive impact on p and w when ayy is increased, both the relative wage and the
relative price of non-tradables appreciate more (as can be seen in the second row of panel A and
B) as we move from column 2 to column 7. The explanation lies in the fact that when recruiting
costs paid by non-traded firms are expressed in terms of the non-traded good, the appreciation in
p raises significantly the non-traded reservation wage which more than offsets the negative impact
of increased labor mobility (caused by an increase in ayw ) on w. Second, while an increase in
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LMR magnifies the labor accumulation effect as a result of a larger current account deficit in the
short-run, this channel is somewhat mitigated however because the rise in the cost per job vacancy
caused by the appreciation in p leads non-traded firms to moderate hiring which mitigates recruiting
expenditure and thus the current account deficit compared with the baseline model.

In column 9 of Table 24, we assume that hiring costs are both tradables and non-tradables and
investigate the effects of a rise in the relative productivity of tradables in countries where the firing
tax is higher (7 is set to 13). In accordance with the results discussed in the main text, increasing
the firing tax mitigates the labor market frictions channel for the relative wage which results in a
larger decline in the relative wage and amplifies the labor market friction channel for the relative
price which results in a larger appreciation in the relative price of non-tradables.

In columns 10 and 11 of Table 24, we contrast the effects of a 1% permanent increase in the
relative productivity of tradables during a recession period with the effects when the economy is in
expansion. In line with the results highlighted in the main text, when the economy is in recession,
a permanent increase in the relative productivity of tradables leads to a greater current account
deficit in the short-run followed by a larger rise in net exports in the long-run which amplifies the
labor accumulation channel. Consquently, the relative wage and the unemployment differential fall
more while the relative price appreciates less.

Finally, in columns 3-6 of Table 24, we explore the role of labor mobility costs by letting oy,
vary between infinity and zero. When we move from column 4 to column 6, o, takes larger values
which result in higher labor mobility across sectors. In accordance with the conclusions established
in the main text, both the relative wage and the unemployment differential decline less whilst the
relative price appreciates more. In column 3, we shut down labor mobility costs by letting o,
tend toward infinity. Like in the baseline model, a model abstracting from labor mobility costs
cannot account for the effects of a productivity differential we estimate empirically, except for the
unemployment differential. As mentioned above, in a model where hiring costs paid by non-traded
firms are expressed in terms of the non-traded good, the appreciation in the relative price of non-
tradables increases the cost per job vacancy which leads non-traded firms to mitigate their hiring.
Because the non-traded labor market tightness increases significantly less, the unemployment rate of
tradables falls more than the unemployment rate of non-tradables along the labor market frictions
channel, in contrast to the baseline scenario.

G.2 Traded vs. Non-Traded Hiring Costs: Time-Varying and Cross-
Country Effects

In this subsection, we explore the ability of the model where hiring costs are both expressed
in traded and non-traded good units to account for the time-varying and cross-country
effects we document empirically in section 2.

Time-varying effects. In Fig. 10, we calibrate the model to a representative OECD
economy, as described in section 5.1 and choose a value for the elasticity of labor supply at
the extensive margin, o, so as to replicate the estimated relative wage response, i.e., 3, to
a productivity differential in rolling sub-samples. The blue line with circles shows empirical
results in rolling subsamples with a window length of twenty years. The black line with
triangles shows model’s predictions when we let both o7 and LMR vary over time. LMR
encompasses three dimensions: the worker’s bargaining power ayy (captured by collective
bargaining coverage), the generosity of the unemployment benefit scheme g (as captured by
the unemployment benefit replacement rate), and the strictness of legal protection against
dismissals (as captured by the EPL index taken from the OECD adjusted with the share
of permanent workers in the economy). The dashed red line shows results when we let o,
vary over time and keep LMR unchanged.

We obtain the same results as in the main text. The rise in the relative wage re-
sponse (i.e., 3 becomes less negative) is associated with a fall in labor mobility costs over
time. Time-declining labor mobility costs mitigate the appreciation in the relative price of
non-tradables over time. As mentioned in the main text, the model misses the declining
appreciation in p at the beginning of the 2000’s however. Importantly, the variation of
LMR over time does not influence the relative price and relative wage effects over time
since the black line and the red line cannot be differentiated. While for the baseline model
where hiring costs are expressed in terms of the traded good, time-varying LMR, does not
make any difference (see the dashed red line and the black line with triangles in Fig. 4(c)),
time-varying LMR, improves substantially the fit of the model to the data as it stands out
from Fig. 10(c).
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Figure 10: Theoretical vs. Empirical Estimates of Time-Varying Elasticity 3, v, and o
when Hiring Costs are both Traded and Non-Traded. Notes: 8 and « are the elasticities of the
relative wage and relative price w.r.t. relative productivity; empirical estimates correspond to FMOLS estimates for
the responses of the relative wage and relative price in rolling sub-samples with a window length T" = 20 shown in the
first column of Figure 1; o is the change in the unemployment differential following a productivity growth differential
of 1% estimated in rolling sub-samples with window length T" = 12. Responses of the relative wage, relative price
and relative unemployment estimated empirically are shown in the blue line. Responses computed numerically are
shown in the black and the red line. We use the same calibration as for a representative OECD economy and choose a
value for the elasticity of labor supply at the extensive margin for each year, o, in order to replicate the empirically
estimated value of 3 shown in the blue line of Figure 10(a). Whilst in the black line, we let the three LMR indicators,
including the unemployment benefit replacement rate, 7, the firing tax, x, and the worker bargaining power measured
by collective bargaining coverage, ayy, vary across time, in the red line, we compute numerically the elasticities by
keeping LMR, constant over time in order to give a sense of its consequences.

We can notice some differences quantitatively with respect to the baseline model. In
the main text where hiring costs are expressed in terms of the traded good, we increase
or, from 0.16 to 1.22 to replicate the rise in § over time. These values fall in the range of
estimates documented by the literature. Chetty, Friedman, Manoli, and Weber [2011] report
values between 0.2-0.3 while Fiorito and Zanella [2012] find an extensive margin elasticity
in the range 0.8-1.4. When hiring costs are both tradables and non-tradables, oy, must be
increased from 0.015 to 0.675 to account for the time-increasing elasticity of the relative
wage. The values at the beginning of the period remain lower than those documented by
Chetty, Friedman, Manoli, and Weber [2011] or Fiorito and Zanella [2012].

Cross-country effects. In Fig. 11, we calibrate the model where hiring costs are both
tradables and non-tradables to country-specific data. More specifically, Fig. 11(a), Fig.
11(b), Fig. 11(c) plot the simulated responses of the relative wage, of the relative price and
of the unemployment differential between tradables and non-tradables to a productivity
differential against the overall LMR indicator we construct by using a principal component
analysis. In line with our evidence, we find that countries with higher LMR experience a
larger decline in both w and the unemployment differential, and a smaller appreciation in
p. While the trend line is similar with the baseline case, a model where hiring costs are
both tradables and non-tradables tends to generate a greater appreciation in the relative
price and a less pronounced decline in the relative wage compared with the baseline case in
the main text. As mentioned above, the model where hiring costs are both tradables and
non-tradables generates however a larger decline in the unemployment differential between
tradables and non-tradables.

G.3 Numerical Results when Hiring Costs are Non-Traded

In this section, we relax the assumption that hiring costs are tradables and consider that
recruiting costs paid by non-traded as well as traded firms are expressed in terms of the
non-traded good. Section M of the Technical Appendix details the steps to solve the model
and to decompose analytically the steady-state changes.

To assess the implications of relaxing the assumption that employment agencies are
tradables only, we simulate the model laid out in section M of the Technical Appendix
and contrast the results with those obtained in the baseline model where hiring costs are
expressed in terms of the traded good. To ease the comparison of both models, we keep
the calibration detailed in section I unchanged, except for s which must be increased
from 0.575 to 0.835 in order to target a non-traded labor market tightness of 0.34 while
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Figure 11: Cross-Country Relationship between Simulated Responses to Higher Relative
Productivity and LMR when Hiring Costs are both Traded and Non-Traded. Notes: Horizontal
axes display the LMR index obtained by using a principal component analysis which encompasses the three dimensions
of labor market institutions. Vertical axes in the top panels report simulated long-run responses of the relative wage,
relative price, and unemployment differential to higher relative productivity from the baseline model with search
frictions and an endogenous labor force participation decision.

xT must be increased from 1.482 to 1.995 to target #7 = 0.24. All remaining parameters

remain unchanged and all ratios are identical to those targeted for the OECD representative
economy. The hiring costs supported by non-traded firms, i.e., PV V¥ account for 1.4%
of GDP and hiring costs supported by traded firms, i.e., P&T VT, account for 1.5% of GDP.
Columns 3-10 of Table 25 show numerical results when hiring costs are expressed in terms of
the non-traded good. Column 1 of Table 25 shows our estimates for comparison purposes.
Column 2 of Table 25 shows numerical results for the baseline model in the main text when
hiring costs are expressed in terms of traded good.

Like in the main text, we correct for the bias caused by search frictions which vary across
sectors. As can be seen in the last line of each panel, the effect is very small. By and large,
our results are robust to alternatively defining the cost per job vacancy in terms of the non-
traded good. More specifically, in line with our evidence, as shown in column 3, the relative
price appreciates by less than 1%, the relative wage declines and the unemployment rate of
tradables falls more than the unemployment rate of non-tradables. When we contrast the
responses of p, w, and uT — u to a 1% increase in the relative productivity of tradables
between column 2 and column 3, we detect some differences however. More specifically,
considering that hiring costs are expressed in terms of the non-traded good (column 3),
the labor accumulation channel is mitigated as a result of a lower current account deficit.
The reason is that the appreciation in p now increases both hiring costs in the traded
and the non-traded sector which mitigates the rise in recruiting expenditure and thus the
labor accumulation channel. The labor market frictions channel is slightly amplified for the
relative wage since the appreciation in p amplifies the rise in the non-traded reservation
wage which is only caused by an increase in 6% in the baseline model.

In columns 4 and 5 of Table 25, we consider a fall in labor mobility costs, as captured
by a rise in or. In line with the results in the main text, a decrease in labor mobility costs
amplifies the appreciation in p and mitigates the decline in both w and the unemployment
differential.

In columns 6-7 of Table 25, we estimate numerically the effects of a 1% permanent
increase in the relative productivity of tradables in countries where the worker bargaining
power is higher or the replacement rate is larger. It is worth mentioning that we increase
oy from 0.6 to 0.75 instead of 0.9 because the latter value is too high to ensure saddle-
path stability. To ensure the existence of the convergence along a saddle-path, we cannot
increase ay above 0.75 when hiring costs are non-tradables. In line with the evidence, the
relative price appreciates less, and both the relative wage and the unemployment differential
fall more in countries where the collective bargaining coverage is higher because the labor
accumulation channel is amplified. However, as shown in column 7, we do not reach this
result for the relative price and the relative wage in countries where the replacement rate
is higher (o is set to 0.78%). The reason is that increased labor mobility caused by a
more generous unemployment benefit scheme mitigates the labor market frictions channel
substantially. In addition, the labor accumulation channel is mitigated instead of being
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amplified when we move from column 3 to column 7. As mentioned above, when hiring costs
are measured in terms of the non-traded good, the effect of a productivity differential on
the reservation wage is amplified by the appreciation in the relative price of non-tradables.
Hence, the combination of this effect and a more generous unemployment benefit scheme
provides high incentive to shift labor across sectors and higher labor mobility softens the
rise in the relative wage through the labor market frictions channel and the fall in the
relative wage through the labor accumulation channel. Because labor is more mobile across
sectors, the excess demand for traded goods is lower which results in a mitigated labor
accumulation channel for the relative price as well.

In column 8 of Table 25, we investigate the effects of a 1% increase in the relative
productivity of tradables in countries where legal protection against dismissals is stricter
(7 is set to 13). In accordance with the results discussed in the main text, increasing the
firing tax mitigates the labor market frictions channel for the relative wage which results in
a larger decline in the relative wage and amplifies the labor market friction channel for the
relative price which results in a larger appreciation in the relative price of non-tradables.

In columns 9-10 of Table 25, we contrast the effects of a 1% permanent increase in
the relative productivity of tradables during a recession period with the effects when the
economy is in expansion. In line with the results highlighted in the main text, when the
economy is in recession, a permanent increase in the relative productivity of tradables leads
to a greater current account deficit in the short-run followed by a larger rise in net exports
in the long-run which amplifies the labor accumulation channel. Henceforth, the relative
wage and the unemployment differential fall more while the relative price appreciates less.

To conclude, except for an economy where the unemployment benefits replacement rate
is higher, all the conclusions reached in the main text hold.

H Robustness Check: Elasticity of Labor Supply at the Ex-
tensive Margin

In this section, we review the literature estimating the value of the elasticity of labor supply
at the extensive margin and we conduct a sensitivity analysis with respect to this parameter.

Empirical literature. Fiorito and Zanella [2012] use micro data from the PSID to
construct a panel of individuals over the period 1968-1997. Aggregate time series are
obtained by aggregating these individuals each year. They find that aggregate time-series
results deliver an extensive margin elasticity in the range of 0.8-1.4, which is substantially
larger than the corresponding estimate (i.e., 0.2-0.3) reported by Chetty, Friedman, Manoli,
and Weber [2011]. A value of 0.6 is halfway between these two sets of findings. This
value is close to the estimates of the Frisch elasticity at the extensive margin on U.S. data
documented by Mustre-del-Rio [2015] who reports a value of 0.71. Mui and Schoefer [2019]
show that the labor supply curve will be isoelastic if the reservation wedge distribution
is power-law-like. In Mui and Schoefer [2019], the Frisch elasticity of labor supply at the
extensive margin collapses to the shape parameter of the power law distribution.® The
authors find an elasticity of labor supply at the extensive margin ranging from a high of 3
to a low of 0.5 depending on whether the wedge perturbations are small or large. Blundell,
Bozio and Laroque [2011] report an elasticity of labor supply at the extensive margin of
0.34 for women and 0.25 for men on U.K. data.

Another strand of the literature develops RBC models and uses information on cyclical
variations of labor market variables to make inference about the elasticity of labor supply at
the extensive margin. While we consider an endogenous labor force participation decision
by assuming that representative household members experience disutility from working
and searching efforts, Haefke and Reiter [2011] consider a pool of workers with different
productivity so that only the most productive agents devote time to market activities
(rather than to home activities). Haefke and Reiter [2011] find that an aggregate labor
supply elasticity along the extensive margin of around 0.3 for men and 0.5 for women can
replicate the variability of unemployment and participation, and the negative correlation

58The reservation wedge is the hypothetical percent shift in an individual’s potential labor earnings re-
quired to render her indifferent between employment and nonemployment.
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of unemployment and GDP they document empirically.

Labor mobility at the extensive margin vs. intensive margin. In our model,
we consider an endogenous sectoral labor force participation decision. We assume that the
Frisch elasticity of labor supply at the extensive margin which determines the sectoral labor
force participation decision. Since this parameter is symmetric across sectors and because
a worker has to go through a spell of search unemployment to find a job in the other
sector, the Frisch elasticity of labor supply at the extensive margin captures the extent of
sector-specific skills and thus the magnitude of labor mobility costs. When we detail the
calibration of oy, in the paper, we restrict attention to the empirical literature estimating
the Frisch elasticity of labor supply at the extensive margin. The elasticity of labor supply
at the extensive margin also measures the degree of labor force mobility across sectors.
In our model, we consider a representative household setup where the familiar isoelastic
intensive-margin MaCurdy [1981] preferences is extended to the extensive margin:

1—-L 1+-L
C(t) ec F(t) ¢
d(t) = ®) — - ()1 , (59)

where F(t) is the aggregate labor force and o is the Frisch elasticity of labor supply at
the extensive margin (i.e., keeping the marginal utility of wealth constant). We assume
that labor force in the traded and the non-traded sectors are imperfect substitutes and
aggregated by means of a CES function:

FN(@#) ™ , 60
1_|_L 1_1_% ()L ( )

where oy, is the elasticity of substitution between traded and non-traded labor force. This
parameter thus captures the extent of workers’ mobility costs across sectors since when o,
takes lower values, the disutility from searching for a job in sector j gets larger. It shares
some common features with the specification of Cardi and Restout [2015] (borrowed from
Horvath [2000]) who allow for imperfect mobility of labor across sectors by considering that
sectoral hours worked are imperfect substitutes in a similar fashion as (60). In contrast,
the authors abstract from search frictions and thus cannot disentangle labor mobility costs
from hiring costs while this distinction is key to reproducing time-varying, cross-country,
and state-dependent effects.

Estimates of labor mobility costs. Estimates of € by using the methodology pio-
neered by Horvath [2000] who abstract from search unemployment may give a sense of the
magnitude of labor mobility costs as captured by o, in the present model. Adopting the
methodology of Horvath [2000] who abstracts from search frictions to estimate the elasticity
of labor supply across sectors, when we consider the eighteen countries of our sample and
impose 0; = J into eq. (58), we find a value of 0.527 as shown in the last line of Table 23.
This estimated value is close to the value of 0.6 we choose for the elasticity of sectoral labor
force participation across sectors. While this value is informative, we have to be cautious
in two respects. First, estimates of € refer to labor mobility costs and not to labor force
mobility because unemployment is absent. Second, in a model with search frictions, the
marginal product of labor no longer collapses to the wage rate and labor market institutions
influence the response of hours worked to a change in the relative share of value added paid
to workers in sector j. In other words, §; might reflect the size of labor mobility costs
together with LMR.

Extensive vs. intensive margin. In our model, we allow for labor supply at the
extensive margin while hours worked are supplied inelastically as they are determined by
search frictions. These frictions are crucial for our analysis since the degree of labor mobil-
ity no longer collapses to the elasticity of labor supply at the extensive margin but instead
to ©/ which depends on o7, as well as labor market institutions. In the lines of Shi and
Wen [1999], Heer and Schubert [2012], Heijdra and Ligthart [2002], [2009], we consider a
family which comprises a large number of members. The overall household has a fixed
time endowment which is normalized to unity for convenience so that leisure [ is defined as
l=1—FT — FN_ Search effort of an unemployed household member and worked hours are
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supplied inelastically while we allow for an endogenous sectoral labor force participation
decision. More precisely, to determine his/her labor force participation decision, the house-
hold member equates the marginal cost with the marginal benefit of entering the labor

force:
(FI () oL o A )
< 7(}7] (t))\) =m/ (03 (t)) &(t)+ R.

As shown in the LHS term, labor supply is elastic at the extensive margin. Then, depending
on the job destruction rate, s/, and the job finding rate, m7(67), labor force is split between
working time and job search. Along the transitional dynamics, using the fact that U7 (t) =
Fi(t) — Li(t), agents supply working time L7(t) according to the following accumulation
equation L7(t) = m? (1)U (t) — s7LI(t) = mI(t)FI(t) — (mi(t) + s7)L7(t), where Fi(t) is
the labor force in sector j. The flows of workers in and out of employment are equal
to each other in any symmetric equilibrium, i.e., m/()U’(t) = f7(¢t)V7(t). Hence eq.
LI(t) = mI (£)UI(t) — 7 L7 (t) and eq. LI (t) = f7(t)VI(t) — s/ LI (t) indicate that the demand
for labor indeed equates the supply.

Robustness check with respect to the elasticity of labor supply at the ex-
tensive margin. In the main text, we choose a value of 0.6 for o;. Because Fiorito and
Zanella [2012] find larger values than 0.6 for the elasticity of labor supply at the extensive
margin, in Table 26 we calibrate our model by choosing o; = 1 and we re-estimate all
scenarios considered in the main text. While column 1 reports our FMOLS estimates and
column 3 shows numerical results when o, is set to 1, we show the baseline scenario with
or, = 0.6 in column 2 for comparison purposes. Since Peterman [2016] finds estimates for
the macro Frisch elasticity of labor supply close to 3-4 (which includes both the intensive
and extensive margin), we explore the effects of a 1% permanent increase in the relative
productivity of tradables when o5, = 3. Because the elasticity of labor supply at the exten-
sive margin slightly modifies the value of labor market tightness in the non-traded sector
at the initial steady-state, we set k¥ = 0.461 and k¥ = 0.294 when o7, = 1 and o1, = 3,
respectively, instead of k¥ = 0.575 in the baseline scenario, to target % = 0.34.

Contrasting results in the baseline scenario with those when o = 1, we find that our
results are unchanged although the decline in w is less pronounced and the appreciation
in p is amplified. The reason is that oy measures both the elasticity of labor supply at
the extensive margin and the extent of workers’ costs of switching sectors so that higher
values of o, lead to a greater mobility. In columns 4-8, we re-estimate the effects of a 1%
permanent increase in the relative productivity of tradables when LMR is higher or when
the economy is in recession ('Rec’) or in expansion ("Exp’). All of the conclusions reached
in the main text hold. In column 9, we set o = 3. Like in the baseline scenario, we find
that the relative price appreciates by less than the productivity differential while both the
relative wage and the unemployment differential fall. Because labor mobility costs are much
lower than in the baseline case, the model imposing o7, = 3 understates the decline in the
relative wage and overstates the appreciation in the relative price we document empirically.

I Calibration Procedure

In this section, we provide more details about the calibration to a representative OECD
economy and to data from 18 OECD countries whose source and construction are detailed
in section C.

I.1 Initial Steady-State

Assuming that the elasticity of labor supply at the extensive margin (ai), the elasticity of
vacancies in job matches (a{/), and the worker bargaining power (a{/v) are symmetric across
sectors, i.e., O'i = oy, a{', = ay and a{v = ayw, and normalizing to 1 the parameters (7
and A" that correspond to the disutility from working and searching for a job in the traded
sector and the productivity of labor in the non traded sector, respectively, the calibration
reduces to 20 parameters: r*, 3, o¢, o1, ¢, ¢, (V, wg (= %) wen (= PgN), AT T N
1—ay, aw, &7, kN, XT, XN, 2N o, and initial conditions By, Lg, Lév.
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Since we focus on the long-run equilibrium, the tilde is suppressed for the purposes of
clarity. The steady-state of the open economy comprises 14 equations:

C = (PcA)7°, (61a)
s'LT
Ul =-—- 61b
s (61b)
NN
N Ss'L
— _ 1
U py (61c)
m” = xT (67)*, (61d)
m? = XV (QN)QV , (61e)
T sT1oL0
Ir= [AWTR] : (61f)
st 4+m ¢
N TAWRr
AL B 1
SN_f_mN[ N } ; (61g)
T (1 —aw) 07 T T T
N (1= o)UY N N N N -
fW:W7 \IJ EPA +T*LU 7WR’ (611)
v =¢TUT, (613)
VN =NV, (61k)
ANIN =N 4GV, (611)
B+ ATLT = T + GT 4+ kToTUT + NoNUY, (61m)
and the intertemporal solvency condition
B—By=9o" (L' - L§) + " (LN - L{), (61n)

where the system jointly determines C', UL, UN, m™T, m~, LT, LN, 6T, 6N, vT VN, P,
B, \.

Some of the values of parameters can be taken directly from data, but others need to
be endogenously calibrated to fit a set of an average OECD economy features. Among the
20 parameters, 6 parameters, i.e., k1, k¥, X7, XN (N, ¢, together with initial conditions
(Bo, LE, LY) must be set in order to match key properties of a typical OECD economy.
More precisely, the parameters &7, &V, X7, XN (N, ¢, together with the set of initial
conditions are set to target 87, 6V, mT, m”N, LV /L, ac, vy x. Denoting by vow the ratio of
government spending in non tradables, GV, to the non traded output, YV, the steady-state
can be reduced to the following seven equations:

kI (1 —ay) T

Ko V)= 2
fT T 4o (62a)
N 1— \I/N
A (O‘—W)7 (62b)
fN SN + r*
m’ = X7 (GT)aV , (62c)
m = xN (6M)*V, (62d)
ATLT (1 -
Q-wvx) ¢ pP?, (62¢)
ANLN(I—’UGN) 1—(p
LT T ,,N N T oL
L= () (621)
LN~ N mT + T \W¥
B—By=9o" (L" - L§) + @™ (LN - L{), (62g)

which jointly determine 67, 0N, m™, m”~, LT/LN P, B. The ratio LT /LY implicitly
determines LY /L:
I A !
L LT4+LN LT

LN

(63)
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The relative price of non tradables P implicitly determines the non tradable content of
consumption expenditure:

(1-p) P
= . 64
Tt A P o4
The net foreign asset position B implicitly determines vyx = ])V,—)T{ with NX = YT —-CcT-G7
and —vyx = vB — vyr — vy~ Wwith vp = 7;—7]?, vyT = ”;‘éT and vy~ = "];‘;N. To see it,
multiply both sides of eq. (62g) by 3%3
A 1 *FH N LN
UB:'UBO—{—Tq) ﬁ—ng; +7r*® ATLT—’UL(J)V R (65)
* T N
where vp, = %, vpr = %, vy = f,—OT. Since we have
ToT .T
k' 0% s
Vyr = W’ (66&)
NgN N TN
kYO s L
WN = TN LT (66b)

where we used the fact that VI = 6707 and U7 = L at the steady-state; according to (66)

. Ty T Ny/N .
the ratios vyr = % and vy~n = "Y‘q/w are pinned down by 67, OV, m®, m~ LN/LT

which are endogenously determined by system (62). Eqgs (65) and (66) determine the ratio
of net exports to traded output (i.e., vnyx):

UB — VyT —VUyN = —UNX. (67)

In order to finish the proof that system (62) can be solved for 67, 0V, m™ m™, LT /LN,
P, B, we have to determine analytical expressions of Wg, Wév , UT ¥V The reservation
wage in sector j, WIJ%, is defined as the sum of the expected value of a job m/¢/ = ﬁTWW/ﬁj 97

and the unemployment benefit R7 = pW/. The Nash bargaining wage in sector j, W7, can
be rewritten as follows:

W7 = aw (27 +r27) + (1 — aw) < W cigi +QWj> ,
1-— aw
aw (B9 +r* 2l + k167
I1—-(1—aw)e
Plugging (68) into the definition of the reservation wage in sector j, we have:
WJ — JgI W7
R 1-— aw " + e ’
o aw (Bl + kI
- W igi 4 2 ( ) (69)
1—aw 1—-(1—aw)e

Since ET = AT and ZV = PAY, the reservation wage in the traded sector, Wg, is a
function of #7, while the reservation wage in the non traded sector, Wg , is a function of
6N and P. Since U/ = =7 — W}]é, the overall surplus from an additional job in the traded
sector, UT is a function of 7, while the overall surplus from an additional job in the non
traded sector, UV, is a function of %V and P.

To begin with, labor market parameters of the traded sector, i.e., the matching efficiency
X7T and the recruiting cost x”, can be set to target the monthly job finding rate m’ and
the labor market tightness #7. To show it more formally, we first compute the share of the
overall surplus from an additional worker obtained by the firm, (1 — ay) ¥7, which is equal
to the excess of labor productivity over the Nash bargaining wage, AT — W7’ inserting (68),
one obtains:

aw (AT + £767)

(1—ap)®? = AT

1-(1-aw)e
(1 —aw) (1 —0) AT —awrToT
1—(1—-aw)e ' (70)
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T .
7t allows us to rewrite the vacancy-

Plugging (70) into (62a) and using the fact that f7 = )

creation equation in the traded sector as follows:

kToT (ST n r*) _ (I—aw)(-o) AT — ayrrToT
mT I1-(1—aw)e '

(71)

Equations (62c) and (71) form a separate subsystem which jointly determine 87 and m”;
parameters £ and X7 are set in order to target 7 and m” shown in Table 6. It is
worthwhile mentioning that while theoretically 7 and X7 jointly determine #7 and m7,
we find numerically that 67 is mostly affected by x” while m” is mostly determined by
XT.

The remaining equations (62b), (62d)-(62g) form a separate subsystem which jointly
determine m®, 6V, P, LT /LN, and vy x:

kNoN (1 —aw) (1 — o) (PAN +r*zV) — awr™NoN

N *) — a

mN (% +77) = —(—aw)o ; (72a)
XV (%) (720)

ATLT (1- UNX) ® Po, (72¢)

ANLN (1—'UGN) 1—90

LT mlm 4 5% ( RgN)UL (72d)
LN mN mT T \ W

UNX = —(UB — Uyr —'UVN), (726)

where vp, vy, vy N are given by egs. (65), (67), (68), respectively; to rewrite (62b) as (72a),

N NgN
we used the fact that (1 — ayy) UV = (1maw)(1- )(PA tral)—awno
—(1—aw)e

P determines a¢ and LT/LN determines LN/ L, parameters £V, XV, », ¢V and initial
conditions (By, LY, L)) are set in order to target 6~ and m’¥ (see columns 11 and 7 in
Table 6), ac and LY /L (see columns 2 and 1 in Table 4), vyy =~ 0 as we assume that at
the initial steady-state, the balance of trade is nil. While theoretically the four parameters
and initial conditions are endogenously determined to target %, m", ac, LV /L and vy,
we find numerically that 8 is mostly affected by "V, m” by X*, ac by ¢, LV /L by ¢V,
and vyx by initial conditions.

. Remembering that

1.2 Calibration to a Representative OECD Economy

In order to assess the ability of our model to account for the evidence, we proceed in two
steps. We first calibrate the model to a representative OECD country and investigate
whether the model can account for the evidence we document empirically in section 2 when
one parameter at a time is modified. In the next subsection, we calibrate the model to
country specific data and explore whether the model can rationalize our empirical findings
once we let all parameters vary across countries.

This subsection provides more details about how we calibrate the model to match the
key empirical properties of a representative OECD economy. Our reference period for the
calibration of the non tradable share given in Table 4 is running from 1990 to 2007 while
labor market parameters have been computed over various periods. Due to the availability
of data, we were able to estimate sectoral unemployment rates for 10 European countries
and 5 OECD economies as ILO does not provide series for sectoral employment and unem-
ployment for France, the Netherlands, and Norway at a sectoral level. Regarding Korea,
while ILO provides data necessary for the computation of sectoral unemployment rates,
the OECD does not provide unemployment by duration for this country which prevents
the computation of job finding and job destruction rates. Data for the labor markets are
described in Table 6.5

We first describe the parameters that are taken directly from the data; we start with
the preference parameters shown in panel A of Table 27:

59For sectoral unemployment rates, and monthly job finding and job destruction rates, we take the EU-10
unweighed average due to data availability.
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One period in the model is a month.

The world interest rate, r*, equal to the subjective time discount rate, (3, is set to
0.4%.

We assume that utility for consumption is logarithmic and thus set the intertemporal
elasticity of substitution for consumption, o, to 1.

We set the elasticity of substitution (in consumption) between traded and non traded
goods to 0.8 in the baseline calibration.%"

Next, we turn to the elasticity of labor supply at the extensive margin which is
assumed to be symmetric across sectors. We choose o; to be 0.6 in our baseline
setting but conduct a sensitivity analysis with respect to this parameter. See Online
Appendix H for a review of the literature estimating the Frisch elasticity of labor
supply at the extensive margin.

Next, we describe the calibration of the non-tradable content of consumption expendi-
ture, employment, government spending displayed by panel B:

The weight of consumption in non tradables 1 — ¢ is set to 0.44 to target a non-
tradable content in total consumption expenditure (i.e. a¢) of 42%, in line with the
average of our estimates shown in the last line of Table 4.

In order to target a non tradable content of labor of 66% which corresponds to the
18 OECD countries’ unweighted average shown in the last line of Table 4, we set ¢V
to 0.18 (see eq. (5)) while ¢7" has been normalized to 1.

Government spending as a percentage of GDP is set to 2]9% and we set the non
tradable content of government expenditure, i.e., won = %, to 90%.51

We assume that traded firms are 28 percent more productive than non traded firms
in line with our estimates; we thus normalize AV to 1 and set AT to 1.28;

We describe below the choice of parameters characterizing the labor markets of a typical
OECD economy in panel C:

In line with our estimates shown in the last line of Table 6, we set the rates of
separation in the traded (i.e., s”) and the non traded (i.e., s") sector to 1.48% and
1.54% respectively.

We set 1 — ay to 0.6 in line with the estimates documented by Barnichon [2012] who
reports an elasticity of the matching function with respect to unemployed workers of
about 0.6.

As it is common in the literature, we impose the Hosios [1990] condition, and set the
worker bargaining power ajy to 0.6 in the baseline scenario.

To target the labor market tightness for a representative OECD economy in the traded
sector, 7 = 0.24, and in the non traded sector, % = 0.34, we set the recruiting cost
to kT = 1.482 and x" = 0.575 in the traded and the non traded sector respectively.

When calibrating to a representative OECD economy, we set the matching efficiency
in the traded (non traded) sector X7 (X%) to 0.307 (0.262) to target a monthly job
finding rate m? (m®) of 17.4% (17.0%). A job destruction rate in the traded (non
traded) sector s7 (sV) of 1.48% (1.54%) together with a monthly job finding rate of
17.4% (17.0%) leads to an unemployment rate u” (uV) of 7.9% (8.3%) in the traded
(non traded) sector.

59Last column of Table 4 reports estimates for the elasticity of substitution ¢ between traded and non
traded goods. For the whole sample, we find empirically an elasticity of 0.8.

5'The market clearing condition for the traded good and the non traded good at the steady-state are
*B+YT =CT +GT + kTVT + ¥V and YV = CN + G¥, respectively.
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Finally, we present the parameters that capture the labor market institutions shown in
panel D:

e Since the advance notice and the severance payment are both expressed in monthly
salary equivalents, we have 7 = 7W/7 with 7 > 0. Values of 7 are shown in the last
column of Table 6. For the baseline calibration, we set the firing tax 7 to 4.2. When
conducting the sensitivity analysis, we set 7 to 13 which corresponds to the highest
value for the firing cost.

e Assuming that unemployment benefits are a fixed proportion of the wage rate, i.e.,
RJ = oW, with p the replacement rate, we choose a value for o of 52.4%, in line
with our estimates shown in Table 6. When conducting the sensitivity analysis, we
set o to 78.2% which corresponds to the highest value for the unemployment benefit
replacement rate.

Finally, we choose values for By, L, Lév for the ratio of net exports to traded output to
be nil at the initial steady-state, i.e., vyx =~ 0.

1.3 Calibration to Each OECD Economy

In a second stage, we move a step further and compare the predicted values with estimates
for each country and the whole sample as well. The initial steady-state of each OECD
economy is described by the system (62) that comprises seven equations. To calibrate our
model to each OECD economy in our sample, we use the same baseline calibration for each
country, except for the elasticity of substitution ¢ between traded and non-traded goods,
and labor market parameters which are allowed to vary across economies. More specifically,
the elasticity of substitution ¢ between traded and non traded goods is set in accordance
with its estimates shown in the last column of Table 4.2 The parameters which capture
the degree of labor market regulation such as the firing cost z, and the replacement rate o
are set to their values shown in the last two columns of Table 6. The matching efficiency
X7 in sector j is set to target the job finding rate m/ summarized in columns 5 and 7 of
Table 6. The job destruction rate s’ is set in accordance to its value reported in columns 6
and 8 of Table 6. Ideally, the recruiting cost x7 would be set in order to target #7; however,
the series for job vacancies by economic activity are available for a maximum of seven years
and for a limited number of countries. On the contrary, the OECD provides data for job
openings (for the whole economy) over the period 1980-2007 allowing us to calculate the
labor market tightness, i.e., § = V/U, for several countries that we target along with the
ratio #7 /0N by choosing k7 and V. Thus, when calibrating the model to each OECD
economy, the costs per job vacancy k7 and " are chosen to target the aggregate labor
market tightness 6 shown in column 13 and the ratio of sectoral labor market tightness
07 /oN obtained by dividing column 10 by column 11.

When data for sectoral labor market tightness are not available, we target the average
value 87 /6N for EU-12 if the country is a member of the European Union, the average value
for the US for English-speaking countries (excluding European economies), and average
value for the OECD otherwise. When data for job openings are not available at an aggregate
level, we first calibrate the model to EU-12 (US, OECD), in particular choosing " and &
to target an aggregate labor market tightness 6 of 0.12 (0.59, 0.18) and a ratio 67 /6Y of
0.75 (0.66, 0.77); then, we set x7 and kY chosen for EU-12 if the country is a member of
the European Union, chosen for the US for Canada, and chosen for the OECD otherwise.
Finally, because labor market parameters cannot be calculated at a sectoral level for France,
the Netherlands and Norway, we assume that the job destruction rate s and the matching
efficiency X are identical across sectors and are chosen in accordance with estimates shown
in column 6 (or alternatively in column 8) of Table 6 for the former and to target m’ shown
in column 5 (or alternatively in column 7) of Table 6 for the latter.

Table 28 gives a sense of the correction term in columns 3 and 6 and compares @ with
@', and p with p'.

52We also choose the weight of consumption in non tradables 1 — ¢ to target a non-tradable content in
total consumption expenditure (i.e., ac) for each country in line with our estimates shown in column 2 of
Table 4.
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Table 28: Comparison of Computed Numerically Responses Before and After Bias Correc-
tion

Country Relative wage response | Relative price response

m @ 6 | ® 6 ©

w o' bias @ p 78 bias p
AUS 0.179 0.172 0.007 1.179  1.166 0.013
AUT -0.337 -0.318 -0.019 | 0.691 0.684  0.007
BEL -0.294 -0.281 -0.013 | 0.724 0.715  0.009
CAN 0.009 0.015 -0.006 | 1.017 1.011 0.006
DEU -0.423 -0.420 -0.003 | 0.572 0.562  0.010
DNK -0.527 -0.515 -0.012 | 0.473 0.468  0.005
ESP -0.286  -0.261 -0.025 | 0.760 0.750 0.010
FIN -0.384 -0.355 -0.029 | 0.628 0.638 -0.010
FRA -0.355 -0.346  -0.009 | 0.650 0.645  0.005
GBR -0.049 -0.050  0.001 0.956 0.944 0.012
IRL -0.171  -0.148 -0.023 | 0.831 0.844 -0.013
ITA -0.272  -0.266 -0.006 | 0.729 0.729  0.000
JPN -0.152  -0.145 -0.007 | 0.860 0.853 0.007
KOR -0.685 -0.640 -0.045 | 0.379 0.373  0.006
NLD -0.286 -0.280 -0.006 | 0.711 0.706  0.005
NOR -0.292  -0.286 -0.006 | 0.705 0.703 0.002
SWE 0.134 0.144  -0.010 | 1.161 1.152 0.009
USA -0.037 -0.035 -0.002 | 0.972 0.974 -0.002
EU-12 -0.160 -0.149 -0.011 | 0.855 0.849 0.006
Whole sample | -0.229 -0.218 -0.011 | 0.783 0.778  0.005

Notes: p and @ correspond to deviations in percentage of the relative price and the relative
wage from their initial steady-state which are computed numerically following a productivity
differential of 1%; we denote by p’ and &’ the steady-state changes in the relative price and
relative wage computed numerically once their values have been adjusted with the bias origi-
nating from the presence of search frictions which vary across sectors. Columns 3 and 6 show
that magnitude of bias for the relative wage and the relative price which must be subtracted
from p and @ in order to make elasticities computed numerically directly comparable with §
and v which are estimated empirically.
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1.4 Calibration of the Model according to the State in the Business Cycle

In the main text, we explore quantitatively the magnitude of the effects of higher relative
productivity of tradables according to the state of the economy in the business cycle. To
calibrate to the model to the data, we proceed as follows. We calculate the output gap
for each country in our sample over 1970-2007 (except for Japan: 1974-2007) by applying
a Hodrick-Prescott filter with a smoothing parameter of A = 100 to logged real GDP y;;.
Expansions (recessions) are periods where dy;; — dgi > 0 (dyi — dyir < 0) where potential
GDP (in log) is g;;. As shown in the first two columns of Table 29, the average duration of
a recession 3.8 years and 4 years for an expansion.

Then we multiply the average duration of a cycle by the average output gap for each
country to calculate the cumulated output loss in recession or output gain in expansion;
we consider the situation of an economy in the middle of the cycle and thus the cumulated
output gap the outcome is halved:

Ok

(),

t=1

where T is the average duration of a cycle and s = H for recessions (H means High
unemployment) and s = L for expansions (L means low unemployment). Columns 3 and
4 of Table 29 show the cumulated output gap when the economy is in the middle of the
cycle. On average, the cumulated output loss relative to trend is 3.2 ppt of GDP during
recessions whilst the output gain is 2.7 ppt of GDP in expansions.

Next, we need to translate the cumulated output gain or loss in unemployment gap by
using estimates of Okun’s Law documented by Ball et al. [2017] (see Table 1) for each
country in our sample. Column 5 of Table 29 shows the Okun coefficient which measures
the short-run responsiveness of unemployment relative to trend to output fluctuations. The
rise in unemployment relative to trend following a 1 ppt increase in the output gap is 0.42
on average. Multiplying the halved cumulated output gap by the Okun coefficient gives the
cumulated increase in unemployment relative to trend when the economy is in expansion
or in recession. As displayed by columns 6 and 7 of Table 29, the cumulated unemployment
gap after about 2 years in recessions is 1.4 ppt whilst its cumulated decline is 1.2 ppt
after about 2 years in expansion. When we calibrate the model to a representative OECD
economy, we choose labor market parameters in order to generate an unemployment rate
of 8.1%. To explore the implications of the state of the economy in the business cycle, we
choose initial values for sectoral labor productivity, A7, so that the unemployment rate of
a representative OECD economy is 9.5% (i.e., u+ 1.4 = 8.1+ 1.4 = 9.5% of the labor force)
in recessions and 6.9% (i.e., u — 1.2 = 8.1 — 1.2 = 6.9% of the labor force) in expansions.
Moreover, we modify sectoral labor productivity so that the ratio AT /A" is unchanged at
1.28.
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RELATIVE PRODUCTIVITY AND
SEARCH UNEMPLOYMENT IN AN
OPEN ECONOMY

TECHNICAL APPENDIX

NOT MEANT FOR PUBLICATION

Luisito BERTINELLI, Olivier CARDI, and Romain RESTOUT

e Section A presents the source and construction of the data used in the empirical and
quantitative analysis, and provides summary statistics as well.

e Sections B-D give more details on the model. Section B develops an open economy
version of the neoclassical model with search frictions and sectoral endogenous labor
supply, and derives first-order conditions. Section C presents the matching process
and derives the Nash bargaining wage. Section D sets out the approach taken to solve
the model, analyzes equilibrium dynamics, and provides formal solutions.

e Section E characterizes the initial steady-state and the transitional paths by using
phase diagrams.

e In section F, we describe the graphical framework which allows us to characterize
initial steady-state values for the relative wage and the relative price.

e In section G, we decompose analytically the steady-state changes in the relative wage
and the relative price following higher relative productivity of tradables.

e In section H, we analyze graphically the long-term adjustment in the relative price
and the relative wage following a productivity shock biased toward the traded sector
and investigate the implications of labor market regulation.

e In section I, we break down the change in the unemployment rate differential into
labor market frictions and labor accumulation effects.

e In section J, we detail the steps of derivation of the effects of a productivity differential
once we have corrected for the bias caused by search frictions which vary across sectors.

e In section K, we explore the case of total immobility (i.e., o, = 0) as well as perfect
mobility (i.e., o, — 00) in order to highlight the role of the elasticity of the labor
supply at the extensive margin.

e In section L, we relax the assumption that the cost per job vacancy is expressed in
terms of the traded good and consider instead that recruiting costs paid by non-
traded firms are non-tradables and hiring costs paid by traded firms are tradables.
In section M, we alternatively consider that the hiring costs are expressed in terms
of the non-traded good. These two sections detail the steps to solve the model and
decompose analytically the steady-state changes.



A Data Description

In this section, we present a complete description of our dataset. First, we provide details on
the data sources and variables construction used in the empirical analysis and to calibrate
the model. Then, we describe the empirical strategy implemented to estimate a parameter
involved in our quantitative analysis, i.e., the elasticity of substitution in consumption
between traded and non traded goods ¢.

A.1 Data for Empirical Analysis: Source and Construction

Coverage: Our sample consists of a panel of 18 countries: Australia (AUS), Austria
(AUT), Belgium (BEL), Canada (CAN), Germany (DEU), Denmark (DNK), Spain (ESP),
Finland (FIN), France (FRA), the United Kingdom (GBR), Ireland (IRL), Italy (ITA),
Japan (JPN), Korea (KOR), the Netherlands (NLD), Norway (NOR), Sweden (SWE), and
the United States (USA).

Period Coverage: The period is running from 1970 to 2007, with the exception of
Japan (1974-2007) for which the starting date differs due to sectoral data availability. The
choice of countries is restricted by the availability of sufficiently detailed data on sectoral
variables over a long time horizon.

Sources: We use the EU KLEMS [2011] database (the March 2011 data release) for
all countries of our sample with the exceptions of Canada and Norway. For these two
countries, sectoral data are taken from the Structural Analysis (STAN) database provided
by the OECD [2011]. Both the EU KLEMS and STAN databases provide annual data at
the ISIC-rev.3 1-digit level for eleven industries.

The eleven 1-digit ISIC-rev.3 industries are split into tradables and non tradables sec-
tors. To do so, we adopt the classification proposed by De Gregorio et al. [1994] who treat
an industry as traded when it exports at least 10% of its output. Following Jensen and
Kletzer [2006], we have updated the classification suggested by De Gregorio et al. [1994]
by treating ”Financial Intermediation” as a traded industry. Jensen and Kletzer [2006]
use the geographic concentration of service activities within the United States to identify
which service activities are traded domestically. The authors classify activities that are
traded domestically as potentially traded internationally. The idea is that when a good or
a service is traded, the production of the activity is concentrated in a particular region to
take advantage of economies of scale in production.

Jensen and Kletzer [2006] use the two-digit NAICS (North American Industrial Classi-
fication System) to identify tradable and non tradable sectors. We map their classification
into the NACE-ISIC-rev.3 used by the EU KLEMS database. The mapping was clear for
all sectors except for ”"Real Estate, Renting and Business Services”. According to the EU
KLEMS classification, the industry labelled ”Real Estate, Renting and Business Services”
is an aggregate of five sub-industries: ”Real estate activities” (NACE code: 70), ”"Renting
of Machinery and Equipment” (71), ”Computer and Related Activities” (72), ”Research
and Development” (73) and ”Other Business Activities” (74). While Jensen and Kletzer
[2006] find that industries 70 and 71 can be classified as tradable, they do not provide
information for industries 72, 73 and 74. We decided to classify ”Real Estate, Renting and
Business Services” as non tradable.

Traded Sector comprises the following industries: Agriculture, Hunting, Forestry and
Fishing; Mining and Quarrying; Total Manufacturing; Transport, Storage and Communi-
cation; and Financial Intermediation.

Non Traded Sector comprises the following industries: Electricity, Gas and Water
Supply; Construction; Wholesale and Retail Trade; Hotels and Restaurants; Real Estate,
Renting and Business Services; and Community Social and Personal Services.

Relevant to our work, the EU KLEMS and STAN database provides series, for each
industry and year, on value added at current and constant prices, permitting the derivation
of sectoral deflators of value added, as well as details on labor compensation and employment
data, allowing the construction of sectoral wage rates. We describe below the construction
for the data employed in section 2 (mnemonics are given in parentheses):

e Sectoral value-added deflator Pft for j = T, N: value added at current prices (VA) over
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value added at constant prices (VA_QI) in sector j. Source: EU KLEMS database.
The relative price of non tradables P;; corresponds to the ratio of the value added
deflator of non traded goods to the value added deflator of traded goods: P =
Py /Py

e Sectoral labor L{ for j = T, N: total hours worked by persons engaged (H_.EMP) in
sector j. Source: EU KLEMS database.

e Sectoral nominal wage szt for j = T, N: labor compensation in sector j (LAB) over
total hours worked by persons engaged (H-EMP) in that sector. Source: EU KLEMS
database. The relative wage, €1;; is calculated as the ratio of the nominal wage in the
non traded sector to the nominal wage in the traded sector: Q; = W& /W

e Sectoral labor productivity Agt for j =T, N: value-added at constant prices in sector j
(VA_QI) over total hours worked by persons engaged (H_.EMP) in that sector. Source:
EU KLEMS database. The relative productivity of tradables is the ratio of traded
A% to non traded labor productivity A% .

e The construction of sectoral unemployment rates, ugt, is detailed below in section A.2.

Because data source and construction are heterogenous across variables as a result of dif-
ferent nomenclatures, Table 30 provides a summary of the classification adopted to split
value added and its demand components, hours worked, labor compensation, unemployed
workers as well into tradables and non tradables.

Summary statistics of the data used in the empirical analysis are displayed in Table 31.
As shown in columns 1, 2, 4, all countries of our sample experience higher productivity
gains in tradables relative to non tradables, an appreciation in the relative price of non
tradables (except for Norway) and a decline in the ratio of the non traded wage relative to
the traded wage. Moreover, for the vast majority of the countries (11 over the 15 providing
data on sectoral unemployment), the average of the unemployment differential du’ — du®
is negative (see column 3).

To empirically assess the role of labor market institutions in the determination of the
relative wage response to higher productivity in tradables relative to non tradables, we use
three indicators aimed at capturing the stringency of labor market regulation. We detail
below the construction and the source of these three indicators:

e The strictness of legal protection against dismissals for permanent workers is mea-
sured by the employment protection legislation index, EPL;; in country ¢ at time
t, provided by OECD. Source for EPL; ;: OECD Labour Market Statistics database.
Data coverage: 1985-2007 (1990-2007 for KOR). This index can be misleading since
regulation was eased for temporary contracts (in Spain) while the regulation for work-
ers with permanent contracts hardly changed. To have a more accurate measure of
legal protection against dismissals, we construct a new index denoted by EPLadj; ; in
country i at time ¢ by adjusting EPL; ; for regular workers with the share share perm, ;
of permanent workers in the economy, i.e., EPLadj; ; = EPL;; X share perm, ;. Source
for share perm;,: OECD Labour Market Statistics database. Data coverage: 1985-
2007 (1990-2007 for KOR).

e The generosity of the unemployment benefit scheme, g; ; in country 7 at time ¢, is com-
monly captured by the unemployment benefit replacement rate. It is worthwhile
noticing that the unemployment benefit rates are very similar across counties when
considering short-term unemployment (less than one year) but display considerable
heterogeneity for long-term unemployment. To have a more accurate measure of the
generosity of the unemployment benefit scheme, we calculate ¢ as the average of the
net unemployment benefit (including social assistance and housing benefit) replace-
ment rates (for two earnings levels and three family situations) for three durations of
unemployment (1 year, 2&3 years, 4&5 years). Source: OECD, Benefits and Wages
Database. Data coverage: 2001-2007. In order to have longer time series, we calcu-
lated ¢ over the period running from 1970 to 2000, by using the growth rate of the
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historic OECD measure of benefit entitlements which is defined as the average of the
gross unemployment benefit replacement rates for two earnings levels, three family
situations and three durations of unemployment. Source: OECD, Benefits and Wages
Database. Data coverage: 1970-2001 for all countries while data are unavailable for
Korea.

e The worker bargaining power is measured by the collective bargaining coverage,
BargCov, ;, which corresponds to the employees covered by collective wage bargaining
agreements as a proportion of all wage and salary earners in employment with the right
to bargaining. Source: Data Base on Institutional Characteristics of Trade Unions,
Wage Setting, State Intervention and Social Pacts, 1960-2010 (ICTWSS), version 3.0,
Jelle Visser [2009]. Data coverage: 1970-2007 for AUS, AUT, CAN, DEU, DNK, FIN,
GBR, IRL, ITA, JPN, SWE and USA, 1970-2005 for NLD and NOR, 1970-2002 for
BEL and FRA, 1977-2004 for ESP and 2002-2006 for KOR.

Summary statistics of the labor market regulation indicators used in the empirical anal-
ysis are displayed in the last three columns of Table 31.

The construction, together with descriptive statistics, sources and data coverage, of the
two measures we used to identify the state of the economy across the business cycle is
detailed below in subsection E.6.

Table 31: Summary Statistics per Country

Countries Variables

P @ du” —du™ | al —aV o | BargCov | EPL,4;

1 [ @ (3) (4) (5) (6) (7)
AUS 0.91 | -0.27 -0.10 1.83 0.50 0.71 1.21
AUT 1.97 | -0.72 -0.06 2.89 0.50 0.97 2.48
BEL 2.26 | -0.04 -0.12 2.53 0.67 0.94 1.65
CAN 0.54 | -0.42 0.07 1.55 0.54 0.36 0.81
DEU 0.85 | -0.62 -0.34 1.62 0.72 0.69 2.36
DNK 0.78 | -0.91 0.34 2.21 0.61 0.82 1.93
ESP 2.62 | -0.97 0.14 3.67 0.41 0.76 2.04
FIN 2.56 | -0.78 -0.10 4.22 0.59 0.86 2.02
FRA 2.14 | -0.98 2.68 0.47 0.85 2.11
GBR 1.57 | -0.50 -0.01 2.31 0.63 0.45 1.02
IRL 2.55 | -0.88 0.05 4.37 0.54 0.58 1.32
ITA 2.02 | -0.92 -0.11 3.05 0.08 0.83 2.53
JPN 2.60 | -0.44 -0.17 2.68 0.51 0.24 1.49
KOR 3.35 | -2.15 -0.03 6.49 0.38 0.11 1.98
NLD 1.86 | -0.39 2.38 0.67 0.85 2.60
NOR -0.37 | -0.39 1.96 0.43 0.70 2.06
SWE 2.34 | -0.11 -0.02 2.76 0.48 0.89 2.31
USA 1.74 | -0.23 -0.15 2.64 0.26 0.20 0.24
Average 1.79 | -0.65 -0.04 2.88 0.50 0.66 1.79

Notes: p is the relative price of non tradables average growth rate, @ is the relative wage
of non tradables average growth rate and (a7 — a”) is the average growth rate of the labor
productivity differential between tradables and non tradables. Data coverage for p, @ and
(a7 — a™) is 1970-2007 (1974-2007 for Japan). du® — du® is the average unemployment
differential between tradables and non tradables. Data coverage: AUS (1995-2007), AUT
(1994-2007), BEL (2001-2007), CAN (1987-2007), DEU (1995-2007), DNK (1994-1998 and
2002-2004), ESP (1992-2007), FIN (1995-2007), GBR (1988-2007), IRL (1986-1997), ITA
(1993-2007), JPN (2003-2007), KOR (1992-2007), SWE (1995-2007) and USA (2003-2007).
o is the unemployment benefit replacement rate. Data coverage: 1970-2007 (2001-2007 for
KOR). BargCov is the collective bargaining coverage. Data coverage: 1970-2007 for AUS,
AUT, CAN, DEU, DNK, FIN, GBR, IRL, ITA, JPN, SWE and USA, 1970-2005 for NLD
and NOR, 1970-2002 for BEL and FRA, 1977-2004 for ESP and 2002-2006 for KOR. EPL,4;
is the employment protection legislation index adjusted with the share of permanent workers
in the economy. Data coverage: 1985-2007 (1990-2007 for KOR).



A.2 Calibration of the Labor Market

To calibrate the labor market for the traded and the non traded sector, we need to estimate
the sectoral unemployment rate, the job finding and the job destruction rate for each sector,
and the sectoral labor market tightness. We provide below the source and construction of
the data.

A.2.1 Source and Construction of Data

In this subsection, we first describe the data employed to calibrate some key features of
OECD labor markets. Then, we present the dataset we use to estimate a set of sectoral
search unemployment parameters. Summary statistics for the key indicators of the labor
market are displayed in Table 32.

e Sectoral unemployment rate, u/, is the number of unemployed workers U7 in
sector j = T, N as a share of the labor force L7 + U7 in this sector. LABORSTA
database from the International Labour Organization (ILO) provides annual data for
unemployed and employed workers at the 1-digit ISIC-rev.3 level. To construct L7
and U’ for j = T, N, we map the classification used previously to compute series
for sectoral wages, prices and real labor productivity indexes (see section A.1l) into
the 1-digit ISIC-rev.3 classification used by the LABORSTA database. The mapping
was clear for all industries except for ”"Not classifiable by economic activity” (1-digit
ISIC-Rev.3 code: X) when constructing L’ and U7, and, " Unemployed seeking their
first job” to identify UJ. These two categories have been split between tradables
and non tradables according to the shares of total unemployment (excluding the two
sectors) between tradables and non tradables by year and country. In a few rare
cases, the sum of sectoral employment provided by ILO did not correspond to total
unemployment. These differences were usually due to missing data for some industries
in the sectoral databases. In these cases, we added these differences in level, keeping
however the share of each sector constant. In Table 32 we provide a overview of
the classifications used to construct traded and non traded sectors variables. Once
industries have been classified as traded or non traded, series for unemployed and
employed workers are constructed by adding unemployed and employed workers of all
sub-industries k in sector j = T, N in the form U’ = > ke; Uk and L = D kej L
Data coverage: AUS (1995-2007), AUT (1994-2007), BEL (2001-2007), CAN (1987-
2007), DEU (1995-2007), DNK (1994-1998 and 2002-2004), ESP (1992-2007), FIN
(1995-2007), GBR (1988-2007), IRL (1986-1997), ITA (1993-2007), JPN (2003-2007),
KOR (1992-2007), SWE (1995-2007) and USA (2003-2007). Data for unemployed
workers by economic activity are not available for FRA, NLD and NOR.

e Labor market tightness, §/ for j = T, N, is calculated as the ratio of employment
vacancies in sector j (V7) to the number of unemployed workers in that sector (U7). To
construct the variables 67, we collect information on job vacancies and unemployed
workers by economic activity. Sources for V7: Job Openings and Labor Turnover
Survey (JOLTS) provided by the Bureau of Labor Statistics (BLS) for USA and
Eurostat database (NACE 1-digit) for a range of European Countries, Labour Market
Statistics from the Office for National Statistics for the UK. Sources for U’: Current
Population Survey (CPS) published by the BLS for USA and LABORSTA (ILO) for
European Countries.%3 As shown in Table 32, the level of detail in the definition
of traded and non traded sectors differs across databases in two dimensions. First,
the number of items to split disaggregated data varies across nomenclatures from
a low eleven categories in the Eurostat database to a high of eighteen items in the
LABORSTA database. Second, the definitions of items are not harmonized across the
different sets of data. To generate sectoral variables in a consistent and uniform way,
series on disaggregated data for vacancies and unemployed workers are added up to

53The JOLTS and CPS databases provide (not seasonally adjusted) monthly data on vacancies and unem-
ployed workers. We convert monthly data series into a annual data series by summing the twelve monthly
data points.



form traded and non traded sectors following, as close as possible, the classification
we used for value added, hours worked and labor compensation. Once industries have
been classified as traded or non traded, series for employment vacancies (unemployed
workers resp.) are constructed by adding job openings (unemployed workers resp.)
of all sub-industries k in sector j = T, N in the form V7 = > ke; Vi (U7 = > ke; Uk
resp.). Data coverage for V7 and U’7: AUT (2004-2005), DEU (2006-2007), FIN
(2002-2007), GBR (2001-2007), SWE (2005-2007) and USA (2001-2007).

For reason of space, Table 32 does not provide the classification between tradables
and non tradables for job vacancies for the United Kingdom. The classification is
detailed below. The Office for National Statistics provides series for the UK that
cover 19 sectors, according to SIC 2007 classification. Sectors have been aggregated
into tradables (Financial and insurance activities; Information and communication;
Manufacturing; Mining and quarrying; Transport and storage) and non tradables (Ac-
comodation and food service activities; Administrative and support service activities;
Arts, entertainment and recreation; Construction; Education; Electricity, gas, steam
and air conditioning supply; Human health and social work activities; Other service
activities; Public administration and defense; Compulsory social security; Real estate
activities; Water supply, sewerage, waste and remediation activities; Wholesale and
retail trade; repair of motor vehicles and motor cycles).

A.2.2 The Methodology

In this section, we present the approach we adopted to measure the job finding and em-
ployment exit rates by using readily accessible data. We apply the methodology developed
by Shimer [2012] who assumes that the labor force is fixed. Applying the same logic to our
two-sector model, we need to impose that the labor force F7 is fixed at a sectoral level.
The implication of such an assumption is twofold. First, we explicitly assume that there
are no movements into and out of the labor force at an aggregate level. Second, we assume
that there are no movements between the traded and the non traded sectors. Reassuringly,
Shimer [2012] shows that a two-state model where workers simply transit between employ-
ment and unemployment does a good job of capturing unemployment fluctuations. Because
the reallocation of labor across sectors is relatively low, the second assumption should not
substantially affect the results. In particular, Shimer [2012] finds that the job finding rate
to worker averaged 0.44 over the post-war period for the U.S., while our own estimates
indicate that the job finding rate averages about 0.40 from 2003 to 2007.

The presentation below borrows heavily from Elsby, Hobijn, and Sahin [2013]. We
assume that during period ¢, all unemployed workers find a job according to a Poisson
process with arrival rate m?(t) = —In (1 — M(t)) and all employed workers lose their job
according to a Poisson process with arrival rate s/(t) = —In (1 — S7(t)). We refer to m? (t)
and s’ (t) as the job finding and job destruction rates in sector j and to M7(t) and S7(t) as
the corresponding probabilities.

The evolution over time of the unemployed workers, which we denote by U7(t), can be
written as:

U(t) = s (1)L (t) — md (U (¢), (74)

where L/(t) is employment in sector j; the evolution over time of the unemployed workers
can be written alternatively by using the fact that L7(t) = FJ — U7(t):

Ui(t) = s(t) (F7 = UI(t)) —m! (U (t), (75)

where s7(t) is the monthly rate of inflow into unemployment, m?(t) is the monthly outflow
rate from unemployment, and ¢ indexes months.

Collecting terms, assuming that the job destruction rate and the job finding rate are
constant within years and solving eq. (75), pre-multiplying by e~(m+$)7 and integrating
over the time interval [t — 12, ], leads to the temporal path for unemployed workers:

U (t) = 97 (1)@ () F7 (1) + (1 — 9 (1)) U7 (t — 12), (76)
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where @ is the long-run unemployment rate in sector j:

s7(t)

i (1) = ———2—— 77
Y= G mi” (77)

and 97 is the annual rate of convergence to the long-run sectoral unemployment rate:
W) =1— o~ (8 (O+mI (1))12. (78)

To infer the monthly outflow probability M7 () and then the monthly job finding rate
m? (t), we follow Shimer [2012] and write the dynamic equations of sectoral unemployment
and sectoral short term unemployment, i.e.,

Ut +d) = s7(t) L (t) — m? (1)U (), (79a)
UP<d(t +d) = s/ () LI (t) — m! (1) UP<%(¢), (79b)

where U7 ’<d(t+d) denotes short-term unemployment, i.e., the stock of unemployed workers
who are employed at some time 7 €]¢,t + d] but lose their job and thus are unemployed at
time ¢+d; hence, by construction, U5 <%(t) = 0 since all short-term unemployed workers were
employed at time t. Combining (79a) and (79b) to eliminate s?(¢)L’(t) leads to a dynamic
equation relating changes of unemployment to changes of short-term unemployment:

U9 (t + d) = UP<4(t + d) — mi (1) (Uj(t) - Ui»<d(t)) . (80)

Solving eq. (80) above by integrating over [t — d,t], and using the fact that at time ¢,
short-term unemployment is such that U»<?(t) = 0, leads to:

Ul (t 4 d) = UP<4(t + d) + =™ O yi().

Inserting e~™ (1) -4 — (1 — M#<d4(t)) where M7= is the probability that an unemployed
worker exits unemployment within d months, one obtains:

Ut +d) — U (t) = U<t 4+ d) — MP=<(t)UI(t). (81)

Eq. (81) states that the change of unemployment in sector j is equal to the inflows into
unemployment U7<%(t + d) of workers who were employed at time ¢ but are unemployed at
time ¢ + d less the number of unemployed workers who find a job M7»<4(t)U’(t). Solving
(81) for M7 <4(t), it is possible to write the probability that an unemployed worker exits
unemployment within d months as

(82)

MISI) = 1 [Uj(ter) - UJ¥<d(t+d)}

Ui (1)

The probability of finding a job within d months given by eq. (82) can be mapped as the
monthly job finding rate for unemployment duration d =1, 3,6, 12:

, 1 .
mi<(f) = —~In (1 - va<d(t)) . (83)
To estimate the monthly job finding rate, we use the duration of unemployment lower

than one month. In this configuration, the probability of finding a job can be rewritten as
follows:

A< 1 [Uﬂ‘@) - Uj»<1<t>]

Ui(t—1)
or alternatively , ,
Uift) - Ui1()

L= M = =

(84)

Since U’(t — 1) corresponds to monthly unemployment, we have to convert annual data on
a monthly basis:

Uit —1) = (U7(t —12)"" (07 (1) (85)
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Using (83) with d = 1, the monthly job finding rate is:
m»<(t) = —In (U (t) — UF<' (1)) + In (U9 (t — 1)), (86)

where the construction of U’(¢t — 1) is given by eq. (85) while the same logic applies to
U’(t).

Since series for unemployment by duration are expressed in percentage, we define
a/<1(t) the share of unemployment less than one month among total unemployment as
follows:

§,< _ Ur<i(t)
a?<L(t) = i) (87)

Because the share of short-term unemployment is not available by economic activity, we
assume that a/"<1(t) is identical across sectors:

P <L(t) = oD <L(t) = oV <L(1). (88)
The job destruction rate can be estimated by solving this equation:

s7(t)
sI(t) + mi<i(t)

U7 (t) = 47 (t) (O7() + L7 (t) + (1 =7 (1) U7 (t — 1), (89)

where 17 is the monthly rate of convergence to the long-run sectoral unemployment rate:
Yi(t) =1— e (FOrm<10) (90)

A.2.3 Computation of the job finding rate and the job separation rate at a
sectoral level

To estimate the monthly job finding rate, m’<!, and the job destruction rate, s’, for
j=1T,N, we proceed as follows:

e We estimate a<1(t) = a/<1(t) = U;(lt()t) where U<!(t) is unemployment of duration

less than one month.

e Using the fact that U7»<!(t) = a<!(t)U7(t), the probability of finding a job is

(1-a~'() U/ (t)
Uilt—1)

MI<Ht) =1— , (91)

where U’ (t — 1) corresponds to monthly unemployment which is calculated as follows
Uit —1) = (U(t - 12))1/12 (Uj(t))n/12 by using annual data.

e The monthly job finding rate is:

m»<l(t) = —In (1 — M?<1(¢)) (92)

e The job destruction rate can be estimated by solving the following equation:

s7(t)
sI(t) + mh<i(t)

UI(t) =47 (1) (U7 + L (1) + (L =) U (t = 1), (93)
where 17 is the monthly rate of convergence to the long-run sectoral unemployment

rate: _ _
Yi(t) =1— e (M 1) (94)

To compute m?<! and s/, we need series for unemployment by economic activity in order
to construct U/, and unemployment less than 1 month in order to estimate a<!(t). For
unemployment at the sectoral level, data are taken from ILOSTAT database (ILO) while
unemployment less than one month is provided by OECD which gives unemployment by
duration. Data coverage: AUS (1995-2007), AUT (1994-2007), BEL (2001-2007), CAN

10



Table 33: Comparison of Actual Values with Calculated Values for the Sectoral Unemploy-
ment Rates

Country Actual Calculated Error

uT U ar a oI —ab N =

(1) (2) 3) (4) (5) (6)
AUS 0.072 0.062 | 0.084 0.066 -0.012 -0.004
AUT 0.037 0.044 | 0.036 0.037 0.001 0.007
BEL 0.077 0.079 | 0.075 0.078 0.002 0.001
CAN 0.082 0.084 | 0.086 0.086 -0.004 -0.002
DEU 0.101 0.091 | 0.100 0.094 0.001 -0.003
DNK 0.064 0.061 | 0.067 0.060 -0.003 0.001
ESP 0.147 0.161 | 0.146 0.155 0.001 0.006
FIN 0.087 0.118 | 0.088 0.119 -0.001 -0.001
GBR 0.073 0.066 | 0.071 0.068 0.002 -0.002
IRL 0.130 0.154 | 0.132 0.144 -0.002 0.010
ITA 0.094 0.098 | 0.104 0.097 -0.010 0.001
JPN 0.033 0.033 | 0.024 0.025 0.009 0.008
SWE 0.056  0.060 | 0.043 0.045 0.013 0.015
USA 0.048 0.053 | 0.047 0.052 0.001 0.001

(1987-2007), DEU (1995-2007), DNK (1994-1998 and 2002-2004), ESP (1992-2007), FIN
(1991-2007), GBR, (1988-2007), IRL (1986-1997), ITA (1993-2007), JPN (2003-2007), SWE
(1995-2007) and USA (2003-2007). Because we calibrate the model so that the initial
steady state is consistent with the empirical properties of each OECD economy while the
series for the sectoral job separation rates are computed when the economy is out of the
steady-state, we need to compute values for s/ which are consistent with the steady-state
sectoral unemployment rate @i/ = i fmj given the computed value for m’/. The two first
columns in Table 33 show the actual values for the sectoral unemployment rates while
columns 3 and 4 give the values for steady-state sectoral unemployment rates computed
by using its long-run equilibrium @’ = mjsisj where the job finding rate m/ is taken from
columns 5 and 7 of Table 6 and the job destruction rate has been computed by solving
eq. (93). The two last columns of Table 33 show the difference between the actual and
the predicted value. Reassuringly, because computed values for m’ and s’ by using (92)
and (93) are averaged over a long enough time horizon so that the unemployment rate
should have reached its long-run value, actual and predicted values are close in most of the
cases, except for Sweden, Australia and Italy (for u”), and Ireland (for uV). The values
for sectoral job destruction rates shown in columns 6 and 8 of Table 6 are thus calculated

by using the long-run equilibrium expression for the sectoral unemployment rate, i.e.,

i miu
s = 11—’ (95)
where u/ is taken from columns 2 and 3 of Table 6 and m/ is taken from columns 5 and 7
of Table 6. Computed values for s/ using (95) are shown in columns 6 and 8 of Table 6.
For France, Korea, the Netherlands, and Norway, data are not available to compute the
job finding and the job separation rate. We proceed as follows to get estimates of m and s
when calibrating the model for each economy:

e Because data for unemployment by economic activity are not available for FRA,
NLD, and NOR, estimates for the job finding rate m = m/ are taken from Hobijn
and Sahin [2009]. Note that estimates are not available at a sectoral level so that
we have to assume that the job finding rate is identical across sectors, i.e., m/ = m.
Building on estimates by Hobijn and Sahin [2009], we set m = 6.7% for France
(1975-2004), m = 4.7% for the Netherlands (1983-2004), and m = 30.5% for Norway
(1983-2004). To compute the job separation rate, we use the steady-state expression

for the unemployment rate u = >~ where the unemployment rate is averaged over

the appropriate period, i.e., 1975-2004 for France, 1983-2004 for the Netherlands and

1983-2004 for Norway. Series for harmonized unemployment rates are taken from

Labor Force Survey, OECD.
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e While we can construct series for unemployment by economic activity for Korea, series
for unemployment by duration is not provided by the OECD for this economy. We
thus average the job finding rates taken from Chang et al. [2004] over 1993-1994,
i.e., m = 26.2% and compute the job destruction rate by using the steady-expression

for the unemployment rate v/ = SJL where u/ is the sectoral unemployment rate

calculated by using the LABORSTA database from ILO.

A.3 Elasticity of substitution in consumption (¢): Empirical Strategy

When including physical capital investment and denoting recruiting costs by F = xT V7T +
kNVN according to the goods market equilibrium, we have:

YI_NX-IT_GgT—-F (T
YN _ N _ N - OoN’

where we used the fact that B —r*B = NX with B the net foreign asset position and NX
net exports. Inserting the optimal rule for intra-temporal allocation of consumption (10),

ie., g—jTV = (&) P? into (96) leads to

(96)

YT -NX-IT-GT - F
G :( 90¢>P¢. (97)

YN—IN—GN 1—

According to the market clearing condition, we could alternatively use data for consumption
or for sectoral value added along with times series for its demand components to estimate ¢.
Unfortunately, classifications for valued added by industry and for consumption by items
are different (because nomenclatures are different) and thus it is most likely that CT" differs
from YT - NX -GT —I" — F,and CN from YV —GY — IV as well. Because time series for
traded and non traded consumption display a short time horizon for half countries of our
sample while data for sectoral value added and net exports are available for the 18 OECD
countries of our sample over the period running from 1970 to 2007 (except for Japan: 1974-
2007), we find appropriate to estimate ¢ by computing Y7 — NX — ET and YV — EN
where ET = GT + 1" + F and EN = GV + IN. Yet, a difficulty shows up because the
classification adopted to split government spending and investment expenditure into traded
and non traded items is different from that adopted to break down value added into traded
and non traded components. Moreover, the time horizon is short at a disaggregated level
for most of the countries, especially for time series of G7. To overcome these difficulties,
we proceed as follows. Denoting the ratio of ET = GT + I” + F to traded value added

adjusted with net exports at current prices by vgr = %, and denoting the ratio
of EN = GN 4 IV to non traded value added at current prices by vy = %, the goods
market equilibrium (97) can be rewritten as follows:
(PTYT — PINX) (1—vgr) [ ¢ po-1
PNYN (1 —wvgn) S \1l-9 ’
or alternatively
YT - NX)(1-v
Y (1 — UEN) 1-— 2
Setting
(1 —vpn) ®
=1 1 , 99
e e A S %)
and taking logarithm, eq. (98) can be rewritten as follows:
YT - NX
In (YN) =a+¢lnP. (100)

Indexing time by t and countries by 4, and adding an error term p, we estimate ¢ by
exploring the following empirical relationship:

<YT—NX
In(—uo"—

v ) =fi+ fi +ait + ¢iln Py + piy, (101)
it

)
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where f; captures the country fixed effects, f; are time dummies, and f; ; are the i.i.d. error
terms. Because the term (99) is composed of ratios which may display a trend over time,
we add country-specific trends, as captured by a;t. Eq. (101) corresponds to eq. (40)
in Online Appendix C.2.

Instead of using time series for sectoral value added, we can alternatively make use of
series for sectoral labor compensation. Multiplying both sides by 5—1{, and then by Z—; with

p = Igj}g]ﬂ the sectoral labor income share, eq. (98) can be rewritten as follows
WTLT — pTPTNX
ln( WNLN > =n+(p—1)InP. (102)
where ( ) -
1 —vpn < @ > p
=ln—=+1n +1In —. 103
! (1 —wvpr) 1—¢p pN (103)

Indexing time by ¢ and countries by i, and adding an error term g, we estimate ¢ by
exploring the following empirical relationship:

In (’YT/VN)i,t =0+ gt +mit +0;In Py + Gy, (104)

where §; = (¢; — 1); g¢ are time dummies which capture common macroeconomic shocks.
Because 7; is composed of preference parameters (i.e., ¢), and (logged) ratios which may
display trend over time, we introduce country fixed effects g;, and add country-specific
trends, as captured by 7;t. Once we have estimated §;, we can compute gZ;l — 6; + 1 where a
hat refers to point estimate in this context. Eq. (104) corresponds to eq. (41) in the
text.

B Two-Sector Open Economy with Search Frictions

In this section, we determine the first-order conditions and next we conduct an analysis of
equilibrium dynamics.

B.1 Households

The representative household chooses the time path of consumption and labor force to
maximize the following objective function:

> 1 _ 1 1 a1
T— / {1 _C(t)' e - 1 F(t)Hoi}e—ﬁtdt, (105)
0

where 8 > 0 is the consumer’s subjective time discount rate, oo > 0 is the intertemporal
elasticity of substitution for consumption; oy, is the elasticity of labor supply at the extensive
margin which is symmetric across sectors. We assume that labor force in the traded and the
non-traded sectors are imperfect substitutes and aggregated by means of a CES function:

; (106)

oL
1+op, 1+UL:| 1+op,

F(t) = {cTFTmaL VPN ()

where ¢/ > 0 parametrizes the disutility from working and searching efforts in sector j =
T, N, and o, is the elasticity of substitution between traded and non-traded labor force
which captures the extent of workers’ moving costs.

Inserting (106) into (105) and denoting the disutility function from working and search-

. . : j s
ing efforts by v/ (LI(t) + UI(t)) = — f FI(t) v , the instantaneous utility reads as

1
45

follows:
1

1-— L

oc

C) e + 30 (L) + U9 (1)) (107)
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We drop the time index below when it causes no confusion. The current-value Hamil-
tonian for the representative household’s optimization problem is:

HY = o+ A[rA+WILT + WNLN + RTUT + RNUN — PoC - T
+ fTJ [mTUT - STLT] + é—N,/ [mNUN o SNLN] , (108)

where A, L7 (j = T, N) are state variables; \, &' (with j = T, N) are the corresponding
co-state variables; C' and U7 are the control variables.

Assuming that the representative agent takes m as given, first-order conditions for
households are:

C = (PoA)~¢, (109a)

—vp (LT +UT) = m"¢™ + RTA, (109b)

—op (LN +UN) =mNeN 4 RN, (109c)
A=A(B—-1%), (109d)

¢ = (s7 +8) ¢ — W +of (LT +UT)], (109e)
N — (N + B) N — DN ol (LN +UN)], (109f)

where ¢/ (with j = T, N) is the utility value of the marginal job and A the marginal utility
of wealth. B
Since &7 represents the utility value from an additional job and A corresponds to the

marginal utility of wealth, the pecuniary value of the marginal job is &/(7) = % for
T € [t,00). Using this definition, we can rewrite (109d) as follows:

i = (Sj + ) ¢l — (Wj + U)%) . (110)

Abstracting from search costs implies that the marginal rate of substitution between labor

J .
and consumption, —%F, has to be equal to the wage rate W7. In this case, the shadow
price of employment &/ is null. As long as agents face search costs, the real wage rate must

J J
exceed the disutility from entering the labor force —UTF. Since the quantity —UTF can be
. i
viewed as being the worker’s reservation wage, we will refer to W7 + UTF as the worker’s
surplus (by keeping in mind that v{, <0).
Solving (110) forward and using the transversality condition lim; .o &/ L7 exp (—1*t) =
0, we get:

. 0 . . ; *
&)= [ W (r) = wh()] ) ar, (1)
¢
where le% is the reservation wage given by
: vl Y ,
WI]%E—TF =m’ (07) & + R, (112)
Differentiating E(t)L7(t) w.r. t. time and substituting the law of motion for employ-
ment L7(t) (7) and the dynamic optimality condition (110) yields:
J

%(ijj) _ éij + &7 = (5j+r*)§ij— (Wj_’_lj)l\’) L+ ¢ (ijj_Sij)7

)

J
= L - [(Wj + ”AF> LJ — &miud

J
= Ll - (Wij + RIUT + U;W) ,
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where F7 = L7 4+ U/ is the labor force and we have inserted eqs. (109b)-(109c), i.e., we
o j .
used the fact that m/& = —UTF — RJ. Solving forward, making use of the transversality
condition, we get:
J

&)L (t) = / [(WijJerUj)Jrvaj e T Ddr, (113)
t

Differentiating £ =ml (Gj) & + RV w.r.t. time and inserting (110), we can
derive the dynamic equation for job seekers in sector j:

v’ (Uj+Lj)
e

VYRV N
I FE
o N

. )j . . . . . . ] ] . .
(s7 +1%) +a{,z;] m’ (07) & —m’ (¢) (Wﬂ + vF) 4 YEE i

j S
_”FTFU'j = m (09) & +adm! (07) ¢

A A

(i)

, o i .
where we used the fact that — = af,. Substituting m’¢ = — _ RI, we get:
m A

J
VR i (ij . Rj)
A

(s7 +7*) + ol 9—]
Vi

A A A

o R v
+m! (07) (W7 + £ ) - LEL7. (114)

B.2 Firms

We consider a traded sector which produces a good denoted by the superscript 7' that
can be exported or consumed domestically. We also consider a non traded sector which
produces a good denoted by the superscript IV that can be consumed only domestically.
Each sector consists of a large number of identical firms. Both the traded and non-traded
sectors use labor, LT and LV, according to constant returns to scale production functions:

YT =ATLT, and YN =ANLY, (115)

Firms post job vacancies V7 to hire workers and face a cost per job vacancy x«? which is
assumed to be constant and measured in terms of the traded good. Firms pay the wage W/
decided by the generalized Nash bargaining solution. We also consider that firms must pay
a firing tax 27 per job loss which captures the extent of employment protection legislation
(see e.g., Heijdra and Ligthart [2002], Veracierto [2008]).

As producers face a labor cost W7 per employee, a cost per hiring of x7, the profit
function of the representative firm in the traded sector is:

7l = ATLT —wTrT — G TvT — 2T max {o, —LT} , (116)

T is a firing tax in the traded sector when LT < 0 otherwise z7 = 0.
Symmetrically, denoting by P the price of non traded goods in terms of traded goods,

the profit function of the representative firm in the non traded sector is:

where x

7N = PANIN _WNIN _ G Ny N _ N .max{O, —L'N}, (117)
N is a firing tax in the non traded sector when LY < 0 otherwise VN = 0.
Denoting by f7 the rate at which a vacancy is matched with unemployed agents, the
law of motion for labor is given by:

where x

LI = fi(¢7) - 17, (118)

where f7V7 represents the flow of job vacancies which are fulfilled; note that f7 decreases
with labor tightness 67.

The current-value Hamiltonian for the sector j’s representative firm optimization prob-
lem is:

H =L —WIL — VI 4 (7 4 27) (FVI - 1), (119)
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where Z7 is the marginal revenue of labor with 27 = AT and Z¥ = PAY and 7 is the
co-state variable associated to the labor motion equation (118).
First-order conditions can be written as follows:

/}/j + :1:‘7 .]le<0 = W, (1203)
o= A (1480 — (B — sl Ay, — W), (120b)

where 7/ represents the pecuniary value of an additional job to the representative firm of
sector j = T, N. This can be seen more formally by solving (120b) forward and using the
appropriate transversality condition. This yields:

(1) = / T E () - W () — sl Ay, ) el ), (121)

We drop the indicator function below when it causes no confusion.
Differentiating v/ (¢)L’(t) w.r.t. time and inserting the law of motion for employment
L7 (t) together with the dynamic optimality condition (120b), we obtain:

i (7jLJ) = AL+~ =47 (T*+sj) LI+ 29677 — (Ej —Wj) L7 +~7 (ijj —stj),

dt
— T*,ijj _ [Eij —WILJ —ijjVj _ xjstj} — T*,ijj _ ﬂ-j’

where we used the fact that v/ = k//fJ — 2/, 7/ = L] — WILI + L) — kIVI and
L7 = f767 — s7L7. Using the first-order condition (120a) and solving forward, making use
of the transversality condition, we get:

y > o0 . . . . . . . . . «
VL) = / [EJLJ WL — (VI — gl .max{(), _LJ}:| e T dr,
t
= / e (Tt qr. (122)
t

Eq. (122) corresponds to eq. (15) in the main text.

C Matching and Wage Determination

In each sector, there are job-seeking workers U’ and firms with job vacancies V7 which are
matched in a random fashion. Assuming a constant returns to scale matching function, the
number of labor contracts M7 concluded per job seeker U’ gives the job finding rate m’
which is increasing in the labor market tightness 6:
Mi Vi o,
- o i (e j
m] = m = X] <U7) = X] (9]) , CKV S (O, 1), (123)

where oz{} represents the elasticity of vacancies in job matches and X7 corresponds to the
matching efficiency.®* The number of matches M/ per job vacancy gives the worker-finding
rate for the firm: ,
M N
i = S X7 (7). (124)

Eq. (124) shows that the instantaneous probability of the firm finding a worker is higher
the lower the labor market tightness 6.

The representative firm of sector j posts job vacancies in order to hire workers. We
assume that the wage rate is derived from a bargaining between the firm and the worker.
The wage rate W7 is set so as to maximize the following expression:

_Ad
1—ay,

WY (t) = argmax H{,V = argmax (ﬁj(t))ajw (v (t) + 27) , 0< a{‘,[, <1, (125)

%Note that the flows of workers in and out of employment are equal to each other in any symmetric
equilibrium, i.e., m’U’ = f?V7. Hence equations L’ = f/V’ — ¢/ I7 and 7 = m’U’ — s/ L’ indicate that
the demand for labor indeed equates the supply.
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where a{‘,[, and 1 — a%v correspond to the bargaining power of the worker and the firm,
respectively. The first-order condition determining the current wage, w(t) writes as follows:

oy, ol 0 (1 o) M 0y
OWi(t) — &i(t) OWi(t) VI(t)+xi OWI(t)

= 0. (126)

Differentiating (111) and (121) w.r.t. the wage rate W/, we get: aaé,jj(z) =1 and gvyj((?) =

—1; inserting these into (126):
O‘%V ('yj(t) + xj) = <1 — a%) §j(t). (127)

By differentiating (127) w.r.t. time, inserting the dynamic equations for ¢ given by
(110) and for 47 given by (120b), bearing in mind that 49 + 27 = %Sj (see eq. (127)),
w

rearranging terms, leads to the wage rate:
Wi =ad, (27 +r*a?) + (1 - oﬂv'v) W, (128)

where Wf‘% = —vfp /X represents the reservation wage.
An alternative expression for the reservation wage W3 which is equal to —v},/A =
mJ (9j ) &9 + RJ can be derived as follows. Eliminating ¢/ from (112) by making use of

(127), i.e., & = oy ('yj + :Uj), inserting (120a), i.e., ¥/ + 2/ = x//f7, and using the fact

_AJ
1—ay;,

that m?/f7 = 67, the reservation wage can be rewritten as follows:

Wil o= m (#) ¢ + R,
j .
1—a{/VfJ

J

- W gl R (129)
1-— a{/V

D Solving the Model

D.1 Short-Run Static Solutions

In this subsection, we compute short-run static solutions for consumption and the relative
price of non tradables. Static efficiency condition (109a) can be solved for consumption
which of course must hold at any point of time:

C=C(\P), (130)
with
oC C
C)\ = ﬁ = —O'Ci < 07 (131&)
oC C
(131c)

where o corresponds to the intertemporal elasticity of substitution for consumption.

Denoting by ¢ the intratemporal elasticity of substitution between the tradable and
the non tradable good and inserting short-run solution for consumption (109a) into intra-
temporal allocations between non tradable and tradable goods, i.e., CN = P{.C and cT =
[PC — PP’C] C, allows us to solve for CT and CV:

ct=ct(\pr), c¥N=cN(\P), (132)
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where the partial derivatives are:

T cr
CT
Cp = acp (9-00)S0, (133b)
CN
cY = —oc—- <0, (133c)
CN
CF = ——5 [1-ac)é+acoc] <0, (133d)
where we use the fact that —PI;C;P =¢(1—ac)>0and PLC =CV.

Inserting the short-run static solution for consumption in non tradables C'V (5\, P) given
by (132) into the market clearing condition for non tradables (20) allows us to solve for the
relative price of non tradables:

P =P (LY, )\ AY), (134)
where
oP AN
PLN = m = 071137 < 0, (1353)
op  CY
A O C]Py <\, ( )
oP LN
P = —= === . 1
‘AN 9AN C]Py <0 ( 350)
Inserting (135) into (132), the short-run static solutions for CT" and C" become:
ct=cT (LN N AN), eV =cV (LN, )\ AY), (136)
where the partial derivatives are:
cr
= - 9cé <0, (137a)
A [(1—ac) ¢+ acoc]
AT AT _
. _c__ (¢ = o0) “N <, (137h)
LN AN (1 = ac) ¢+ acoc] we
CvN
— = —oc+oc=0, (137¢)
A
AN AN
CC - _wvy, (137d)
LN AN we

We denote by a hat the rate of change of the variable and rewrite A,(Qﬂz ~ = I;Sg A }C,C 5 A},; N =

% with a¢ the non tradable content of consumption expenditure, we the GDP share of

consumption expenditure and wy the non tradable content of GDP.

D.2 Derivation of the Dynamic Equation of the Current Account

Using the fact that A = B + ATLT 4+ ANLN | differentiating with respect to time, noticing
that (v/LJ) = r*+/ L7 — 77, the accumulation equation of traded bonds is given by:

B = A—#TLT —ATiT 3NN _ NN
= P (A=ATL" = AN 47t 4 7V + WL + WVLN + RTUT + RNUN — T — PoC.
Remembering that 7/ = 2/ — WJ/LJ — k/VJ — 27 . max {O, —LJ }, inserting the market

clearing condition for the non traded good (20) and the balanced government budget (19),
the current account equation reduces to:

B(t) = B(t)+ ATLT(t) — CT(t) — GT — kTVT(t) — kNVN(2). (138)
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D.3 Equilibrium Dynamics and Formal Solutions
D.3.1 Dynamic System
Differentiating (120a) w. r. t. time, using (120b) yields
o1
09 1—al V7 +al’

Eliminating /427 by using (120a), leads to the dynamic equation for labor market tightness
67
.. 07 (¢ A 7 (07 (¢ . A ,
gty = 2O Ly OO v ey |
(= -
1%
Setting the overall surplus from an additional job in sector j:

vh(t)
A

W (t) = (Z7(t) +r*a?) + (139)

Inserting the Nash bargaining wage W7 given by (128) into [(EJ + r*ad ) — Wj], the dy-
namic equation for labor market tightness 6/ can be rewritten as follows:

F7(07(6) (1 - oy ) W (1)

KJ

0(t) = 79%), (s/ +1*) —

(et

The overall surplus from an additional job in the traded and the non traded sector,
respectively, is given by:

(140)

T N
T (AT +rtaT) + eV = [P (Y A AN) AN e e S (1)
where the short-run static solution for the relative price of non tradables (134) has been
inserted into the overall surplus from a match into the non traded sector. Partial derivatives
are given by:

T U%F
Uir = Ypr=-5F <0, (142a)
N N
\I/LN = PLNA —|— T < 0, (142b)
N
Upy = =<0, (142c)
AN LN
Wiv = PawAY+P=—ox—+P
P
ANLN acwe
- o {1 — 1 —ac)¢+acoe] =~ } <0, (142d)
N N
Uy = BAT - =5,
QY
1 O'CPAN Ug}
= + <0, 142e
A {[(1 —ac)p+acoc] A (142¢)
where Py v < 0, C5 < 0, and we use the fact that ANLN = ;;Sg Pg‘/c PA}\/’LN — agﬁc

The adjustment of the open economy towards the steady-state is described by a dynamic
system which comprises six equations. We consider that the utility function is additively
separable in the disutility received by working and searching in the two sectors. Such
a specification makes it impossible to switch from one sector to another instantaneously
without going through a spell of search unemployment, as in Alvarez and Shimer [2011].
Because workers must search for a job to switch from one sector to another, i.e., cannot
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relocate hours worked from one sector to another instantaneously, the dynamic system
is block recursive. The first (second) dynamic system consists of the law of motion of
employment in the traded (non traded) sector described by (7), the dynamic equations
for labor tightness and job seekers given by (140) and (114), respectively. We denote the
steady-state value with a tilde.

Traded Sector

Linearizing the accumulation equation for traded labor (7) by setting j = T and the
dynamic equations for labor market tightness (140) and job seekers (114) in the traded
sector, we get in matrix form:

(L7.07.07)" = g7 (L7 () ~ L7607 (@) — 0. 0T ()~ 07 (143)
where J7' is given by
_§T (mT)’ i mT (gT)
A=| ket (T = SNCERY
(25T +r*) + Oﬁ’:}T —(m") UT (sT+r)—mT + 16%5 m?

and where we used the fact that:
fMTA=afp) v o
sT + r* e
oL ~
TFJFRT:—ngT:—

ﬁzTa%;,\T/T
sT 4 r*
a%c fT(l—a%;/)\i/T_ 1

l—al KT(sT+1*) 1-al’

)

1+

The trace denoted by Tr of the linearized 3 x 3 matrix (144) is given by:

mT

TrJ" = (7 + %) + 1% + 7 lafy — (1 —af)]. (145)

1 — oy
The determinant denoted by Det of the linearized 3 x 3 matrix (144) is unambiguously

negative:
T

DetJ” = — (s7 +7*) (s +mT) | (s" +7*) + ﬁinﬁ@T <0. (146)
-«
\%
Assuming that the Hosios condition holds, i.e., setting of{/;/ =1- 045, the trace reduces
to:

TrJ" = (s +7*) + 1%, (147)

while the determinant is given by:
DetJ” = — (s7 +7%) (s" +r*+mT) (s" +m”) <o0. (148)

From now on, for clarity purpose, we impose the Hosios condition in order to avoid un-
necessary complications. We relax this assumption when analyzing steady-state effects and
conducting a quantitative exploration of the effects of higher productivity of tradables rel-
ative to non tradables. Note that all conclusions related to the analysis of equilibrium
dynamics hold whether the Hosios conditions is imposed or not.

Denoting by v7 the eigenvalue in the traded sector, the characteristic equation for the
matrix J (144) of the linearized system writes as follows:

DetJT
ST + ¥ =0

(67 v ) {0 el )

The characteristic roots obtained from the characteristic polynomial of degree two can
be written as follows:

T _

N =

DetJT
r*+ \/(7“*)2 - 45;? 20, =12 (150)
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We denote by v < 0 and v > 0 the stable and unstable eigenvalues respectively which
satisfy:
vl <0< <), (151)

Let v4 be the second unstable characteristic root which writes as:
vl =5t 4+ >0. (152)

Since the system features one state variable, LT, and one negative eigenvalue, two jump
variables, #7 and U’ and two positive eigenvalues, the equilibrium yields a unique one-
dimensional saddle-path. Inserting (145) and (146) into (150), the stable and unstable
eigenvalues reduce to:

Tvm®), vy =(s"+r+mh). (153)

Non Traded Sector

Linearizing the accumulation equation for non traded labor (7) by setting j = N and
the dynamic equations for labor market tightness (140) and job seekers (114) in the non
traded sector, we get in matrix form:

. . . T ~ ~ ~ T
(LN,aN,UN) = gV (LN(t) IV oN@) — 6N, UN () — UN) : (154)
where J is given by
—sN (mN)' TN m (6%)
l-a N 1—alV, = N N
N = L (PLNA + ) (s + ) el T
3 7 -~ N
(25V ) it <PLNANUFF +1) = (V)TN (V) =+
(155)
and where we used the fact that:
YA —o) ¥V
sV +r* -
S 1
A sN 4 rx
N N\ §N
14 oY N(1-afy) ¥ _ 1 '
1—aff kN (sN 1) 1—a)
The trace denoted by Tr of the linearized 3 x 3 matrix (155) is given by:
N N * * ™ N
TeJY = (s +r*) +r +1—a{>f lagy — (1 —av)] . (156)

The determinant denoted by Det of the linearized 3 x 3 matrix (155) is unambiguously
negative:

N
O‘WmN} (157)
[0

1— N ~ N N B 5\ B
+ O‘V]& e Pn AN —— ( W NgN 2 aVUN> } <0, (158)
kY 1 —ay, Vpp
where Prnv < 0.
Assuming that the Hosios condition holds, i.e., setting a{/\{/ =1- a]‘y, the trace reduces
to:
TrJV = (N + %) + 17, (159)

while the determinant is given by:

DetJV = — (sV + r*)2 (s™ +m) { (SN(
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where we have rewritten the last term as follows:

1- a% m mV « A ~
— Py AN [ — kNN o — ay UV
1—af) & LY 9N 1—aof), v v
1—ad), mVN ~
1%
N ( N *)
S s+
_ P IN AN Nop +ayi),
v (1—ad) 2 TN (XxVor+ava)
oz PnLN PAN
= — (sN—f—r*) (3N+ N) LY e 0,
P (1-aoff)unN
N ~ N ~ N
and where we used the fact that lainFcNHN = XN N =N /9N and E = o,
Y A vppF
IN(1_ N N * - - - -
to get the second line, ! (lNaW) = (s \;]—\,T ), mNUN = sNLV, and UN/FN = a to get

the third line, @V = sl‘fi%’ multiplying the numerator and the denominator by P and
rearranging terms to get the last line.

We impose the Hosios condition in order to avoid unnecessary complications. Denoting
by vV the eigenvalue, the characteristic equation for the matrix .J (155) of the linearized
system writes as follows:

% ey Ly ey DY)
(N 17 yi){(yi) rui+SN+r*}—O. (161)

The characteristic roots obtained from the characteristic polynomial of degree two write
as follows:

—_

N _

DetJN
ot \/(r*)2 - 45Neﬁ 20, i=12 (162)

We denote by vi¥ < 0 and v¥ > 0 the stable and unstable eigenvalues respectively which
satisfy:

Y <0< <. (163)
As it will become useful later, v{¥ (7“* -V ) = SDJSE;]:: which can be rewritten as follows
DetJV (5% 1) (s + i (sV +r*+mh) wN
N *——S—I-?“)(S—i—m) N * +
sV +r (s™ +r*) acwe [(1 - ac) ¢ + acoc]
PAN N N~N }
X ——— (x o +ayu < 0. 164
(e (U o) ase)
N N
where we used the fact that A]CVYW = O‘S]“v’c and Pry = é—g < 0.

Let v be the second unstable characteristic root which writes as:

vl =N 4 > 0. (165)

Since the system features one state variable, LY, and one negative eigenvalue, two jump
variables, 8~ and UY, and two positive eigenvalues, the equilibrium yields a unique one-
dimensional saddle-path.

D.4 Formal Solutions for 67 (t) and U7 (t)

Setting the constant DI = 0 to insure a converging adjustment for all macroeconomic
aggregates, the stable paths are given by :

L) - L7 = Drevt, (166a)

oT(t) — 07 = WL DTen?, (166b)

vty —o?t = wTDTe”th7 166¢
31+1
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where DT = LT — LT, and elements wl and wl} of the eigenvector (associated with the

stable elgenvalue vl) are given by:

1— T ~T T
, 1—z‘¥7:T £ (mT + sT + )
o= T e S0 (167a)
mT (sT+r*—v]) + aVTVVnT iF(m)U
T T ™V 777
T sty (m") U 4 <
= — 0. 167b
W31 ( T ) T Wor > ( )

We have normalized wi; to unity. Inserting v{ = s + m? (see (153)) into (167a) and
(167b), eigenvectors reduce to:

wh =0, wl=-1. (168)

From (168), the dynamics for labor market tightness §7 degenerate while job seekers are
negatively correlated with employment along a stable transitional path.

D.5 Formal Solutions for 6" (t) and U™ (t)

Setting the constant Dév = 0 to insure a converging adjustment for all macroeconomic
aggregates, the stable paths are given by:

IN@#) —IN = DNev't, (169a)
oN () — N = W DN, (169b)
UN@#)—ON = wlDNe't (169c)
where DY = LY — LN, and elements w)] and wdl of the eigenvector (associated with the
stable eigenvalue v{') are given by:
1—all, 7N oN oN
g o e [P (P A+ ) 4 (4l
wyy = ~ - — V. <0, (170a)
( +7“*—1/1)+1 NTT( ) U
N | N N\ 7N
sV +v (mN) U
wh = ( le)_ — % wi < 0. (170b)

We have normalized wiY to unity. The signs of (170a) and (170b) will be determined later.

D.6 Formal Solution for the Stock of Foreign Bonds B(t)

Substituting first the short-run static solutions for consumption in tradables given by (136),
and using the fact that V7/ = U767, the accumulation equation for traded bonds (138) can
be written as follows:

B(t) =r*B)+ATLT (t)-CT (LN (1), X, AN) = GT =0T (1)U (¢)— N ON ()UN (t). (171)

Linearizing (171) in the neighborhood of the steady-state and inserting stable solutions
given by (166) and (169) yields:

B(t) =r* (B(t) - B) AT (LT(t) - ET) + AN (LN(t) - iN) , (172)
where we set:

AT = AT —(TOTWI — k707wl = AT 4 k767 > 0, (173a)

AN = CLN — HNUN N NQNCU?)]_,

HNéN (sN + 1/{\7)

mN

= -CIy —xNOV (1- a]‘y) wh — > 0, (173b)

where we have inserted (170b) and used the fact that (m N)/QN/m = ol to get (173b);
note that C7 1~ = 0 because our estimates of ¢ average about 1 while we set o¢ to one. The
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sign of (173b) follows from the fact that wd] < 0 (see (201)) and s + vV < 0; the latter

result stems from the fact that v = —(sT + mT); because we have the following set of
inequalities %ii% < SDTGEFJS <0, ] < —(sV +m") < 0 and thereby s + vV < 0.

Solving the differential equation (172) yields:

NN
Tt+AD1 vt

- - ATDT  ANDNT ., ATDT
B(t) =B+ (B —B)— L Lty 2 21 o 174
®) [ 0 Vf—r* V{V—r* ° VlT—r* V{V—r* (174)

Invoking the transversality condition for intertemporal solvency, and using the fact that
DI = LY — LT and DY = L} — LV, we obtain the linearized version of the nation’s
intertemporal budget constraint:

B~ By=o" (L7 - Lf) + o7 (1V - 1F), (175)
where we set
s AT (AT + KT§T> v AN
o :le—r*:_(sT—i—fnT—i—r*)<0’ ) :V{V_T*<O. (176)

Equation (176) can be solved for the stock of foreign bonds:
B=B (iT,EN) . B =T <0, Bov=0ao" <0 (177)

For the national intertemporal solvency to hold, the terms in brackets of equation (174)
must be zero so that the stable solution for net foreign assets finally reduces to:

B(t) - B =7 (LT(t) - ET) oM (LN(t) - EN) . (178)

E Graphical Apparatus

Before turning to the decomposition of steady-state effects, we investigate graphically the
long-run effects of a productivity differential.

E.1 Steady-State

Using (129), the steady-state of the open economy is described by the following set of
equations:

¢ = [Pc (13) X} e (179a)
I =t (37) 07, (1790)
SNIN = m (V) 0, (179¢)

~ ~ _ aT ~ 7L
(LT + UT) = [)\ ( W k10" + RT>] : (179d)

1=y,
~ _ aN ~ oL
(L +0™) = [A( WNKZN@N—FRN)] , (179€)
1 —ay,
T 1— T \I/T
W (- aw) VT (179F)
fT <9T> s +r
N 1— N \I/N
~ = = ( NaW) ) (179g)
N (9N A
S

ANLN = OV, (179h)
B+ ATLT — CT — kToTUT — kNoNUN, (179i)

and the intertemporal solvency condition
B—By=0" (iT—Lg) + o7 (EN—LéV), (1795)
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where CV = P/,C and CT = (1 - a¢) PoC and we used the fact that Yj = Uj~9j. The
steady-state equilibrium defined by ten equations jointly determines C, LT LN uT un,
6T, 0N, P, B, \.

E.2 Isoclines and Stable Path in the (67, L")-space

The labor market in the traded sector can be summarized graphically by Figure 12(a) that
traces out two schedules in the (7, LT)-space. More precisely, eliminating UT from eq.
(179d) by using (179b), i.e., UL = STmLTT, the system which comprises egs. (179b), (179d)
and (179f) can be reduced to two equations:

7T " 3 aly  rar 17"
Lt = A 0 R 180
ThT+sT[ (l—aa,ﬂ + )] ’ (1802)
T 1—al) .
A ( - ) (180b)
fT <9T> (st + 1)
~, ~ ~, T
where m” =mT <9T) and f1 = fT <9T>; using the fact the reservation wage Wg{ = —UTF
T ~,
is equal to (%KTGT + RT> (see eq. (129)), the overall surplus from hiring in the traded
w
sector is given by:
T ~;
U = (AT 42T - <QVVTI<CT9T + RT> : (181)
1 —ayy
Totally differentiating eq. (180a) yields
7= JLj\ + [a‘T/ﬂT + UL)ZT] 67, (182)
oL =
- 17(‘;‘/7’ HTGT )
where 47 = STiT and 0 < Y = —r— <L The slope of the LT = 0 schedule in the
R
(6T, LT)-space writes as:
iT
: = [at i’ +orx"] > 0. (183)
T 1iT=0

Hence the decision of search (henceforth labelled DST') schedule is upward-sloping in the
(67, LT)-space. According to (182), a fall in the marginal utility of wealth A shifts downward
the DST-schedule.

Totally differentiating eq. (180b) yields

o7 [(1 —al) BT+ xTVT/,ﬂ = ATGT, (184)

where we used (179f) and the fact that — (fT)/ 67/ = (1 —ai). The slope of the 67 =0
schedule in the (67, LT)-space can be written as:

LT
gr

= +o0. (185)
6T=0

Hence the vacancy creation (henceforth labelled VCT') schedule is a vertical line in the
(0T, LT)-space. According to (184), a rise in labor productivity in the traded sector AT
shifts to the right the V C'T-schedule.

Having determined the patterns of isoclines in the (67, LT)—space, we now analyze the
slope of the stable path. To determine the pattern of the stable path, we have to estimate:

LT(#)-L7 ~

Z \J— 1 0T

_rr - 7

0T Wl [T (186)
0T
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Figure 12: Phase Diagrams in the (67, L7)-space

Using the fact that wi, = 0 (see (168)), the slope of the stable branch labelled SST in the
(0, L)-space rewrites as:

T

éT SST
According to (187), the stable branch coincides with the VCT-schedule (see Figure 12(a))
as the dynamics for §7 degenerate.

E.3 Isoclines and Stable Path in the (6", L")-space

The labor market in the non traded sector can be summarized graphically by Figure 12(b)
that traces out two schedules in the (8", L")-space. More precisely, eliminating UV from
eq. (179¢) by using (179¢), i.e., UN = S:@%N, and inserting the short-run static solution for
the relative price of non tradables given by (134) implies that the system which comprises

egs. (179¢), (179e), (179g), and (179h) can be reduced to two equations:

FN 'Y 3 ay NN v\17
LY = A 0 1
mN+sN[ (1(1%& +R )] , (188a)
W (o) g (188b)
~ N * b
fN (QN) (sN +1r*)
where m = m" (éN ) and fN = fN <9~N ; using the fact the reservation wage Wév = —%

N ~
is equal to (%HN oN + RN ) (see eq. (129)), the overall surplus from hiring in the non
w
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traded sector is given by:

N
UV = [(P (N, LN, AN) AN % 2™)] — <1aWNmN9N +RN> : (189)
Totally differentiating eq. (188a) yields
LN = oph+ [ a¥ + o7V 6V, (190)
N _
v 1D‘WN NN )
where @V = 55 and 0 < YV = —W < 1. The slope of the LY = 0 schedule in
sV +m WR
the (9N, LY)-space writes as:
iN N~=N ~N
: = lap@" +orx"] >0. (191)
ON |LN=0

Hence the decision of search (henceforth labelled DSN) schedule is upward-sloping in the
(0N, LN)-space. According to (190), a fall in the marginal utility of wealth A shifts down-
ward the DS N-schedule.

Totally differentiating eq. (188b) yields

oV [(1— o) BV + VWA

PAN {wN[N/N + Ucacwcj\ + [wy —weae (1 — ag) ¢+ acoe)] &N+}
= — , (192
acwe [(1 - ac) ¢ +acoc] (192)

where we used (179g) and the fact that — (fN)/HN/fN = (1—a{)). The slope of the
0N = 0 schedule in the (9N, LN )-space is:

s _  NV§N o oNyUN
N - [(1 Oév) U+ x WR} acwe [(1 — ac) ¢ + acoc] <0 (193)
PAN wN '

ON 16n =0
Hence the vacancy creation (henceforth labelled VCN) schedule is downward-sloping in
the (9N, LN)-space. According to (193), since [wy —weac (1 — ac) ¢ + acoc)] z 0, a
rise in labor productivity in the non traded sector AN may shift to the left or to the
right the VC N-schedule depending on whether ¢ takes high or low values; it is worthwhile
mentioning that higher productivity in tradables relative to non tradables shifts to the
right the V C N-schedule by appreciating the relative price and thus by raising the marginal
revenue of labor in the non traded sector, i.e., by increasing =V = PAN. Moreover, a fall
in the marginal utility of wealth A shifts to the right the V' CN-schedule by appreciating
the relative price of non tradables.

Having determined the patterns of isoclines in the (6", LY)-space, we now analyze the
slope of the stable path. To do so, we use the third line of the Jacobian matrix (155) to
rewrite the element wé\g of the eigenvector:

N N —
(253 %)+ (7 47— ) (Z) 4 (PuoaAN A 1)
FF

R

N _
Wo; =

(194)

sN + N 4 rx — V)
The first two terms in the numerator of (194) can be rewritten as follows:

N N N * N ~ N N (x _ N
(25 +77) + (M + =) (S ;VV" )=3N+(S ) (T vt (= v

v ’

(195)
where vV (r* — 1) is equal to the determinant of the Jacobian matrix (155) given by (160).

7 %

To determine the pattern of the stable path in the (§V, L"V)-space, we have to estimate:

LN () —LN 1 aN

N

— = == 196
eN(g)N—aN wi LN (196)
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Inserting (164) into (196), the slope of the stable branch labelled SV S in the (9%, LY)-
space can be rewritten as follows:

iN 1 6N (SN—FTNTLN-FT*—I/{V) (1—Olg) g acwe (1 — ag) ¢+ acoc]

o lswon Wi IN (5N 4+ PAN e

(197)
where we denote by a hat the rate of change relative to initial steady-state. According to
(197), the stable branch SSV is downward-sloping in the (§%, LY)-space.

To get (197), we proceed as follows. We first have rewritten the numerator of eigenvector

DetJN
sN 4r*

w) given by (194) (set i = 1) by using (195) and by inserting
vi¥ (r* — viY)) given by (164):

(which is equal to

W (N +7*) (N +ml) — (stfz+r*+mN) (s™ +m™) N (PLNANJ)\‘, N 1)
m UFF
wyPAN (sN + %) (s + ﬁlN)~()~(NO'L + off @) (198)
acwe [(1 - ac) ¢ + acoc] (1—al) UNmN ’
_ wNﬁ)AN (SN _|_7,*) (SN _tmN) agaN (199)
acwe [(1—ac) ¢ + acoc] (1 —ad)) UNmN ‘

To get the last line, we computed the following term ™ <PLN AN % + 1) as follows:

FF
A PvIN PAN - X
™ <PLNAN ¥ +1) =N | FNe 1)
Vprp P LN vp
_ N wyPAN sV N (sV +r*) oV 41 (200)
acwe [(1 —ac) ¢ +acoc]  mN ol BN ’
N = ~ TN
where we used the fact that ng;FFN = o, to get the first line, éx = SNTf;N and PLJIV:_)L =
PAN . N - N §N N
acwc[((ldivacw—&-acac} to get the second line, m~N¢N = m? (Z]‘QVM*) = —XNUTF to get (200).

Inserting (200) into (198), rearranging terms, we get (199). o
Inserting first (200), and multiplying wd (setting setting i = 1 into (194)) by LY /6N,
we get:

. wy PAN (7 4r) (N4 ) 1N
v LY acwell-ac)éracoc] (1—al) ) ¥NmN  FN
Wyl == = —
2L gN (sN + N +r* — ) ’
wNIBAN (SN+T*)

acwo((l-ag)pt+acoc] (1-af) )TN
- - <0, 201
(sN—i—mN—i—r*—V{V) (201)

where we used the fact that (mN)/HN/mN = off and @V = UN/FN to get the first line,
LY — oY 4o get (201
N T sNymN get (201).

Because both the VCN-schedule and the stable branch SV SY are downward sloping,
we have now to determine whether the stable branch SV SV is steeper or flatter than the
VC N-schedule. To do so, we compute the following term which shows up in eq. (193):

N ~ N *
(1—a$)\i/N+>zNW1§V:(1—a1VV)\i/N(S Y 4 r)

(202)

(s¥+r) 7
~N N N SN (1_~ANYGN N_y 5N *_ ., N
where we used the fact that )ZNW]]%V = ms]\?ﬁ? = <81Nf7‘£)qj . Since (s +(TN::*) ) >
(SN-H:VLN-F'I‘*) . . . . N oN .
) inspection of (193) and (197) implies that the S™S* -schedule is steeper than

the VC'N-schedule (see Figure 12(b)).
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We turn now to the transitional adjustment along the stable path in the (LN ,UN)-space
by making use of (170b):

UN () — ON = Wl (LN( ) — iN) : (203)

where wl is given by eq. (170b). To sign the slope of the transitional path in the (LY, UN)-
space, we use the third line of the Jacobian matrix (155) to rewrite the element w3 of the
eigenvector:

(2N + 1) + (sV +r* =) <SNﬁ:FA’;{V> 4 AN

%(SN—I-T?LN—G—T*—V{V)

N _
Wo1 =

(204)

where W;n and Wy~ and the partial derivatives (evaluated at the steady-state) of the
overall surplus from an additional job ¥V in the non traded sector:

ouN

N
LN = = P v AN 4 EE A E <, (205a)

oy =

oUN ng

N
\IJUN_GUN Y

<0. (205b)

Inserting (204) into (170b) allows to rewrite w] as follows:

N <sN+u{V> AR

w = = = w
31 MmN mN 21>

= - <0, (206)

where v{¥ < 0 is the stable root for the non traded labor market. Since according to (205),
U~ < 0and Uy < 0, we have wd < 0. Hence, as employment declines in the non traded
sector, job seekers increase in this sector.

E.4 Isoclines and Stable Path in the (u’, LT)-space

One can alternatively analyze the transitional adjustment in the (u”, L”)-space. To do
so, we first determine the slopes of the isoclines L7 = 0 and §7 = 0 in the (u”,L7)-
space. Hence, we first determine the relationship between labor marke‘gf tightness and the
unemployment rate by using the definition of the latter, i.e. @/ = m. To alleviate
the notation, we assume: ' '

ay :OJ{/, or, :O'%. (207)

Totally differentiating the equation that describes the steady-state level of the unem-
ployment rate, we have:

2 1 (st +mT\ .
07 = —— [ —— | a. 208
()i (208)
The slope of the LT = 0 schedule in the (u”, LT)-space writes as:
LT . 1 (T +mT
- = — T X' | —(———) <0O. 209
el I o™ +orx] ( 7 > (209)

Hence the DST-schedule is downward-sloping in the (u’, LT)-space, as displayed in Figure
13(a).
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Using eq. (184) together with eq. (208), we have:

1 (5T+mT

oy mT

) i [(1 = of) §7 + TWE] = ATaT.
The slope of the 6T = 0 schedule in the (u”, LT)-space thus reads as:

T
ﬂT

= +o0 (210)
6T =0

As aresult, the VCT-schedule is a vertical line in the (uT, LT)—space, as displayed in Figure
13(a).
Having determined that the patterns of isoclines, we turn now to the transitional ad-
sJ

justment along the stable path labelled X X7. We begin by linearizing u/(t) = T @)
in the neighborhood of the steady-state which leads to:

w—w = = [(-al) (v - 07) - (L) - 1) .
= ;[(1_@19‘)(0;;1—&9} Dienit, (211)

where we used the stable paths for L7(t) and U’(t). Using (211) and the fact that
(Lj (t) — I:j) = D{e”{t, the slope of the stable path in the (u/, L’)-space,

Li(t)—L7
i

ud (t)—ud
@l

_ g 1

XX Li [(1 — &J)wgl — aj]

)

s 1
- = — (212)
[(1—U3)w31_"”]

where we used the fact that:

Y i
w
F] = — -
L Li’
s
_ si4md
= eyt
sT4+mJ
st +m/ s
= = =

since U7 /L7 = s7 /7.

Focusing on the traded sector, inserting the stable path (see section D.4) for job seekers,
ie, UT(t)-UT = nglDle”th with wl} = —1 (see eq. (168)), the stable path X X7 shown
in Figure 13(a) is described by:

LT(t) sT+m”
~T
u

Eq. (214) reveals that in countries where the unemployment benefit scheme is more generous
(i.e., o takes higher values) or worker bargaining power is greater (i.e., ay takes higher
values), the stable path becomes steeper since labor market tightness is initially low and
thus the unemployment rate u”! is high.

We now demonstrate that the slope of the eigenvector (214) in the (u”, LT)-space is
larger (i.e., less negative) than the slope of the DST-schedule described by eq. (209):

T ~T T ~T
st +ms 5 - 1 /(s +m
0> —~7TuT > — [avuT + ULXT] — <~T> ,
m ay m
orx’ (s +m?)

0> - . 215
— (215)
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Figure 13: Phase Diagrams in the (u/, L7)-space

Since the term on the RHS of inequality is unambiguously negative, the stable branch which
corresponds to the X X7 -schedule is flatter than the DST-schedule.

The adjustment of labor and unemployment rate in the traded sector is depicted in
Figure 3(a). Following an increase in productivity of tradables relative to non tradables,
the decision of search-schedule shifts (slightly) to the left as a result of the positive wealth
effect (captured by a decline in A, see eq. (182)); at the same time, the vacancy creation-
schedule which is vertical also shifts to the left (see eq. (184)) as a result of the rise in AT
which encourages firms to post more job vacancies; as a result, 7 increases which raises
the probability of finding a job and thus lowers unemployment. The unemployment rate
declines on impact. Along the stable path, u” falls while employment builds up.

E.5 Isoclines and Stable Path in the (u", L")-space

The steady-state level of the non traded sector is described by:
N

aV = i (216)
sN +mN <§N )
Totally differentiating eq. (216) leads to:
2 1 N VN .
oN = o <ST;:Nm> . (217)

The slope of the LY = 0 schedule in the (uN, LN)-space reads as:

IN 1 N | AN
il = — [avi™ + oLV — (3+m> <. (218)
U,N LN=0 ay
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Hence the DS N-schedule is downward-sloping in the (u”, LY )-space, as displayed in Figure
13(b).
Inserting first (134) and totally differentiating eq. (188b) leads to:

(1— ay) T 4 N ] 0N = P AN AN + Pov ANALY + (PANAN + 15) dAN,  (219)

where Prnv < 0. .
Inserting eq. (217) into eq. (219) gives us the slope of of the #~ = 0 schedule in the
(uN, LN)-space:

9’N:0 - aVPLNANLN

iN [(1 —ay) \ifN—i—XNW]]%V} sV 1N
( >>0.

il — 220
= (220)

mN

where the positive sign of eq. (220) follows from eq. (136) indicating that Prv < 0. As a
result, the VC N-schedule is an upward-sloping line in the (uY, L"V)-space, as displayed in
Figure 13(b).
Having determined the patterns of isoclines, we turn now to the transitional adjustment
along the stable path labelled X XV by making use of (212):
LN @)LV ~
T _ v ! (221)
WMOZE | xen LV [(1 = aN)wif — al]’

As will be useful, we first determine the expression of eigenvector wé\{ by inserting eq.
(194) into (170b):

(SN +r* — V{V) +m (PLNAN% + 1)
o

(sN—i—mN—i—r*—V{V)

(222)

w31 = —

Then, we use (222) to derive an expression for (1 — @) wl — a":

(N +aN 4 — o) + (1 — @) N Py AN -
(1—a")wii —a" =~ Urr (223)
u W31 u = (sN—|—'r7’LN—|—r*—y{V) .

Inserting (223) into eq. (221) gives us the slope of the stable path X XV in the (u!V, L"V)-
space:

t~

ot _ s (s + Y 4 - ) <0 (224)
M) | xxw N (N 4 mN o — ) (1 - aN) mN Py AN
FF

~—

=33

Since ng < 0and Prn < 0, the stable branch X X" is downward-sloping in the (uN, LN)—
space.

We now demonstrate that the slope of the stable branch (224) in the (u¥, L™V)-space is
larger (i.e., less negative) than the slope of the DS N-schedule described by eq. (218):

0> 5 (¥ +m" 4 —vf') ] >_[aVaN+aL;<N]1<5N+mN>
N (N i + % — o) + (1 — aN) N Py AN - ay \ mN )7
FF
(sN—|—mN—|—r*—1/fV)aVﬂN < [aVﬂN—i—UL)ZN] (sN—i—mN—i—r*—Z/fV) + (1—€LN)7’71NPLNANU])\\[:|
FF
0 < opx™ (5N 4w 1% — o)+ [avi + o gV (1— @) mV Py AN (22
VFF

Since the term on the RHS of inequality is unambiguously positive, the stable branch
which corresponds to the X X"-schedule is flatter than the DSN-schedule, as can be seen
in Figure 13(b).

The adjustment of labor and unemployment rate in the non traded sector is depicted in
Figure 3(b). Following an increase in productivity of tradables relative to non tradables, the
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decision of search-schedule shifts to the left as a result of the positive wealth effect (captured
by a decline in \); at the same time, the vacancy creation-schedule which is upward-sloping
also shifts to the left (see eq. (219)) as a result of the rise in A" which encourages firms
to post more job vacancies. More specifically, a rise in AN has an ambiguous effect on
PAN. Assuming oc = ¢ = 1, AN has no impact whilst the positive wealth effect stimulates
consumption in non tradables and thus appreciates the relative price of non tradables which
increases the surplus from an additional job. Consequently, 8V increases which raises the
probability of finding a job and thus lowers uV in the long-run. The unemployment rate
declines significantly on impact and overshoots its new steady-state level. Along the stable
path, uV increases while employment declines. Intuitively, as LV falls along XXV, the
relative price appreciates which induces non traded firms to post more job vacancies. The
rise in the labor market tightness 6V leads agents to search for a job and thus increases
the number of job seekers. The decline in employment LY triggered by the positive wealth
effect and the rise in the number of job seekers U™V produces an increase in 1"V along the
stable path.

F Solving Graphically for the Steady-State

The steady-state can be described by considering alternatively the goods market or the
labor market. Due to the lack of empirical estimates at a sectoral level, and to avoid
unnecessary complications, we impose a{/ = ay, a{/V = ayy from now on.

F.1 Steady-State

We first show that the steady-state of the economy consisting of six equations which can
be solved for sectoral employment and labor market tightness, i.e., L7 = L7 (AT, AN ) and
¢ = LJ (AT,AN) with j = T, N, the stock of foreign assets, B = B (AT,AN), and the
shadow value of wealth, .

First, setting 7 = 0 into eq. (140), we obtain the vacancy creation equation (which

holds for the traded sector and non traded sector):

/ﬂ?j (1—aW)~ ~ . . . i ~ .
7 g L W= (B +r*a?) - Wh, j=T,N, (226)

where ZV = P (.) AN with P(.) given by eq. (134). The LHS term of eq. (226) represents
the expected marginal cost of recruiting in sector j = T, N. The RHS term represents the
marginal benefit of an additional worker which is equal to the share, received by the firm,
of the rent created by the encounter between a vacancy and a job-seeking worker. A rise
in labor productivity raises the surplus from hiring ¥/; as a result, firms post more job
vacancies which increases the labor market tightness 67.

Second, setting Sj = 0 into eq. (110) and using the fact that WJ — le% = ap ¥
leads to & = i‘ﬁ\fj . Rewriting the latter equation by inserting the vacancy creation
equation (226) for sector j to eliminate ¥/ gives the expected value of finding a job, i.e.,
migl = %MGJ . Plugging this equation into (9b) leads to the equality between the
utility loss from participating the labor market in sector j and the marginal benefit from
¢(F)7E

A

search, i.e., = 152"“/ k107 + RI. Setting L = 0 into eq. (7) to eliminate U7 so

that FJ = (%) L7, the decision of search equation reads as (which holds for the traded
sector and non traded sector):
J m? A AW jp j i :

where <lf;" K107 + RI ) corresponds to the reservation wage, w4 , reflecting the marginal
w

benefit from search. According to (227), a higher labor market tightness increases labor
j
mgn—i-sj ’

L7 by raising the job-finding rate for the worker and thus the employment rate
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Moreover, for given ), the rise in the reservation wage lfg’w k709 + RJ induces agents to
supply more labor.

Third, setting B = 0 into eq. (21), we obtain the market clearing condition for the
traded good:

B4+ ATLT — T — kTUTeT — kNUNON =0, (228)
where CT = CT (LN, , AN).

The system which comprises eqs. (226)-(228) can be solved for the steady-state sectoral
labor market tightness and employment, and traded bonds. All these variables can be
expressed in terms of the labor productivity index A7 and the marginal utility of wealth,
ie, 07 = 07 (AT), LT = LT (A, AT), 0N = 6V (N, AN), LN = LV (X, AN), and B =
B (5\, AT, AN). Inserting first B = B (5\, AT, AN), and L) = LJ (5\, AN), the intertemporal
solvency condition (175) can be solved for the equilibrium value of the marginal utility of

wealth: B

A=A (AT, AN). (229)
Setting first L/ = 0 into (7), inserting L7 = L7 (S\,Aj), one can solve for U7; then the
relationship V7 = 67U can be solved for the steady-state job vacancy in sector j. Using the
fact that CT = CT (LN, A, AN), inserting LY ()\, AN) and using the fact that Y7 = ATLT

with LT = LT (;\, AT), allows us to solve for ratio vyx = YTY}CT:

UNX = UNX (AT, AN) s (230)

where we have eliminated A by using (229).

F.2 The Goods Market: Graphical Apparatus

To build intuition about steady-state changes, we investigate graphically the long-run effects
of a rise in AT /AN. To do so, it is convenient to rewrite the steady-state as follows:

cT Y =
= _ p? 231
LT T (N +mM) AWE /T (231b)
LN mN (sT +mT) [AWE /N7
T 1— \I/T
n_U-aw)¥ (231c)
IO T )
N 1— N
R _(d-aw) VT (231d)
G
YT 1 . _ ., N T
( +vB — Uy UV) _ i (231¢)
YN CcN
We denote by vp = T;f the ratio of interest receipts to traded output, by v{, = ";‘;j the

share of hiring cost in sector j = T, N in traded output. Remembering that Y7 = AT LT
and YV = ANLN | the system (231) can be solved for CT/CN, LT /LN, 67, 6V, and P,
as functions of AT AN, (1 +vg — vg — U{y ) Inserting these functions into YV = CV (see
eq. (179h)), and B — By = ®7 (LT — LT) + &N (LY — L) (see eq. (179j)), the system
can be solved for B and A\ as functions of AT and AY. Hence, when solving the system
(231), we assume that the stock of foreign bonds and the marginal utility of wealth are
exogenous which allows us to separate intratemporal reallocation effects triggered by the
change in the share of tradables from the dynamic (or intertemporal) effects stemming from
the accelerated hiring process that increases the demand for tradables in the long-run.

When focusing on the goods market, the equilibrium can be characterized by two sched-
ules in the (y” — ", p)-space where we denote the logarithm in lower case. The steady
state is summarized graphically in Figure 14(b).

Denoting by vyx = NX/Y7T the ratio of net exports to traded output, with vyx =

— (vg — vl —vdY), and inserting (231a) into the market clearing condition (231e) leads to

T
L — b 1 P?.
YN 1—p(1l—uvnx)

(232)
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Figure 14: Steady-State

Eq. (232) corresponds to eq. (22) in the text. Totally differentiating (232) and
denoting the percentage deviation from its initial steady-state by a hat yields the goods
market equilibrium-schedule (GM E henceforth):

(g)T B g)N) ‘GME

=¢p—dln(l —vnx). (233)

According to (233), the GM E-schedule is upward-sloping in the (y” — 4V, p)-space with a
slope equal to 1/¢. Following a rise in traded output relative to non traded output, the
relative price of non tradables must appreciate to clear the goods market, and all the more
so as the elasticity of substitution ¢ is smaller. The 45° dotted line allows us to consider
two cases. When ¢ > 1 (¢ < 1), the GM E-schedule is flatter (steeper) than the 45° dotted
line.

We now characterize the labor market equilibrium. Totally differentiating (226) gives
the deviation in percentage of the sectoral labor market tightness from its initial steady-
state, ie., §7 = = =7, Totally differentiating (227) gives the deviation in

: _=J
(A=A

percentage of sectoral labor from its initial steady-state, i.e., I/ = aLj\ + [a{‘/uj + O’ij] 69,

Substituting the former into the latter, differentiating the production function Y = AILJ

~. . . J
to eliminate /7, and using the fact that Y/ W7, = jﬁfﬁ at the steady-state, one obtains the

labor market equilibrium (LM E henceforth) schedule:

(@ —a") " = —eVp+ (1 0")a" — (1+6M)a", (234)

where we set o . .
o _ E ) avw +on]

W [(1 —ay) (87 + 1) + aﬂv‘vmj} ’

(235)

in order to write formal solutions in a compact form. As depicted in Figure 14(b), the LM E-
schedule is downward-sloping in the (y” —y”, p)-space with a slope equal to —1/0" (see eq.
(234)). An appreciation in the relative price of non tradables raises the surplus from hiring
which induces non traded firms to post more job vacancies. By raising the expected value
of a job, the consecutive rise in the labor market tightness induces agents to increase the
search intensity for a job in the non traded sector but less so as the elasticity of labor supply
o, is lower. More precisely, lower values of o; indicate that workers experience a larger
switching cost from one sector to another; in this configuration, the term ©7 is smaller
so that the LM E-schedule is steeper. Conversely, when we let o tend toward infinity,
the case of perfect mobility of labor across sectors is obtained; in this configuration, the
LM E-schedule becomes a horizontal line.
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F.3 The Labor Market: Graphical Apparatus

When focusing on the labor market, the model can be summarized graphically by two
schedules in the (17 — IV, In (g%))—space, as shown in Figure 14(a).

As will be useful later, we first solve for the relative price of non tradables by using
the goods market clearing condition (232). Using production functions, i.e., Y7 = AL,
solving (232) for the relative price yields:

(e @@

Applying the implicit function theorem, we have:

(AR i

p= ; [dln <£]TV> +dln <j;> +d1n(1—vNX)} (238)

where

F.3.1 The Decision of Search Schedule in the (I —V,In (g—;))—space

Imposing JJL. = o, into (231b), which implies that the marginal utility of wealth does not
impinge relative labor supply, the decision of search equation reduces to:

It -
LN mN mT T \ W (T

ol

where W{z = 1—2/]' k707 + RJ is the reservation wage. Eq. (239) corresponds to eq.

(24) in the text. Taking logarithm and differentiating eq. (236) yields:

N = [avuT + JLXT] 67 — [aVuN + O'LXN] 6N, (240)
m i - 3G with +F — Tem™?
where we used the fact that dln <m1+si) = ayw/¢’ and Wy = x?67 with x/ = Wl

Assuming that the labor markets display initially similar features across sectors, i.e., u/ ~ u,
X! >~ x, eq. (240) reduces to:

(éT—éN)‘DSZM(F—ZN). (241)

Inspection of (241) reveals that the DS-schedule:
e is upward-sloping in the (17 — IV, In (g—f,))—space;

e is steeper as the workers are more reluctant to shift hours worked across sectors (i.e.,
the elasticity of labor supply o7, is smaller), the unemployment benefit scheme is more
generous or the worker bargaining power ayy is lower (because higher unemployment
benefits R or a lower worker bargaining power both reduce the share of the surplus
associated with a labor contract in the marginal benefit of search x).

F.3.2 The Vacancy-Creation Schedule in the (17 — IV, In (g—ﬁ))-space

Dividing (231c) by (231d) and using (124) leads to the vacancy creation equation:

T (ST —H’*) XN /9T 1-ay =T 4 T W]:g
—_ o = (242)

&N (N + %) XT EN 4 praN — WE”
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=T % T _ 1T
where M = ‘I‘Ij—; Eq. (242) corresponds to eq. (23) in the text. Totally

differentiating (242) by sing the fact that the change in overall surplus ¥/ in percentage is
given by

L TISI _ NIWIGI
X Whr
J—
B = o : (243)
yields:
. T\ |VC =TaT =N (p+alv
(9T B 9N> ‘ _ G (p+2a%) (244)

T[am e e wE] G an @Y v wh]

Eliminating the relative price by using (238), collecting terms, assuming that initially SR
B, U~ W}_—i ~ Wg, X! ~ X, eq. (244) can be rewritten as follows:

. . ve = 7
(-] = Ol —ay) U x W] (7-1)
=[(o 1) (@ — ") — dln (1~ vyx)]
$1(1—av) ¥ + xWg] '

Inspection of (245) reveals that the V C-schedule:

+

(245)

. - T .
e is downward-sloping in the (1T ="V, In (%) )-space with a slope equal to — AT TVl

e is steeper as the elasticity of substitution between traded and non traded goods ¢ is
smaller or the worker bargaining power is lower (because it reduces xWg);

e shifts to the right following higher productivity of tradables relative to non tradables
(i.e., (dT — dN) > 0) as long as ¢ > 1 or when the country experiences a higher
steady-state trade balance surplus, i.e., if —dIn (1 —vyx) ~ duyx > 0;

G Long-Run Relative Price and Relative Wage Effects of
Higher Relative Productivity of Tradables

This section analyzes analytically the consequences on the relative wage and the relative
price of an increase in relative sectoral productivity A7 /AN. It compares the steady-state
of the model before and after the productivity shock biased towards the traded sector. To
shed some light on the transmission mechanism, we analytically break down the relative
wage and relative price effects in two components: a labor market frictions effect and a
labor accumulation effect.

Equating demand for tradables in terms of non tradables given by eq. (233) and supply
(234) yields

@ =9") = éh—din(1-ovnx),
= -0p+ (1+0")a" — (1+0V)a.

Collecting terms leads to the deviation in percentage of the relative price from its initial

steady-state:

(1+0T)a" — (1+6eY)a" din(l—wvyx)
(¢ +6N) (6 +0ON)

Eq. (246) corresponds to eq. (25) in the text. It is worthwhile noticing that p given
by eq. (246) is determined by the system which comprises the goods market equilibrium
(232), the decision of search equation (239), and the vacancy creation equation (242). This
implies that P = P (AT, AN ,UNX). Invoking the intertemporal solvency condition (175)
allows us to solve for vyx = Unx (AT, AN).

p= (246)
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To determine the long-run adjustment in the relative wage, Q@ = W~ /W7 we first
derive the deviation in percentage of the sectoral wage. To do so, we totally differentiate
the vacancy creation equation for sector j given by eq. (226):

N =J .
0 = —=7. (247)
(1= o) 7+ 37w

We repeat the Nash bargaining wage given by eq. (18) for convenience by imposing 04{4/ =
o A ’ ' ‘

W7 =aw (B +r*2!) + (1 — aw) Wi, (248)
Totally differentiating (248) and plugging the change in the labor market tightness leads
to:

awE o, N (1—-aw) XjI/V{2
wi ~ Wi
=i [aw (1—ay) W + ij{g}
[(1 —ay) Wi 4 Xﬂwg}

2

Using the fact that at the steady-state, we have X]T/Vf2 =mig = %, eq. (249) can
be rewritten as follows:

=4 [O‘W (1—ay) ¥ + m;;%g”}

wi [(1 —ay) W + ’”j"‘W‘I’j] ’

@ =

89 4r*
= aw (L av) (9 +7%) £
Wi [(1—ay)(s? +r*) + awmi]

[I]f

. (250)

Eq. (250) corresponds to eq. (28) in the text. In order to write formal solutions in
a compact form, we set:
= aw [(1—ay) (s +r*) +m/]

V=W o) (57 + ) + ] (251)

Using the fact that ZN =p+aN and 27 = a7, subtracting @ from @ by combining
(250) and (251) and inserting (246) leads to the deviation in percentage of the relative
wage:

&
I
g
|
s

PENCOS

d
- QTdT} — N SOV (252)
Eq. (252) corresponds to eq. (29) in the text.

H Analyzing Graphically the Long-Run Effects of Higher
Relative Productivity

This section analyzes graphically the consequences on the relative wage and the relative

price of an increase in the relative productivity of tradables, AT /AN by breaking down

the relative wage and relative price effects into a labor market frictions effect and a labor
accumulation effect.
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H.1 Effects of Higher Productivity in Tradables Relative to Non Trad-
ables

In order to facilitate the discussion, we assume that ©7 ~ ©. Under this assumption, eq.

(246) reduces to:

(1+0) (@ —a") din(1—wonx)
(¢+0) (¢+0)

where dln (1 — vyx) ~ —dunx by using a first-order Taylor approximation.

Eq. (253) breaks down the relative price response into two components: a labor market
frictions effect and a labor accumulation effect. The first term on the RHS of eq. (253)
corresponds to the labor market frictions effect. When we let o7 tend toward infinity,

we have limy, oo % = 1; in this configuration, a productivity differential between

p= (253)

tradables and non tradables by 1% appreciates the relative price by 1% as well, in line
with the prediction of the standard BS model. Graphically, as shown in Figure 15(a), the
LM E-schedule is a horizontal line because the allocation of the labor force across sectors
is perfectly elastic to the ratio of sectoral reservation wages. A productivity shock biased
toward the traded sector shifts higher the LM E-schedule which results in a relative price
appreciation, from pg to ppg, i.e., by the same amount as the productivity differential. The
LM E-schedule intercepts the 45° line at point BS’.

As long as o1, < oo, workers experience a mobility cost when moving from one sector
to another; hence, the term © takes finite values while graphically, the LM FE-schedule is
downward sloping in the (y! — y™, p)-space. Graphically, higher productivity in tradables
relative to non tradables shifts to the right the LM E-schedule from LM Ey to LME;:
this shift corresponds to the labor market frictions effect. If ¢ > 1, the GM E-schedule is
flatter than the 45° line so that the intersection is at G’; since p’ < ppg, the relative price
appreciates by less than the productivity differential between tradables and non tradables,
in line with our empirical findings. Conversely, if ¢ < 1, the relative price must appreciate
more than proportionately (i.e., by more than 1%) following higher productivity of tradables
relative to non tradables (by 1 percentage point). In this configuration, the GM E-schedule
is steeper that the 45° line so that the LM Fq-schedule intercepts the GM E-schedule at
a point which lies to the north west of BS’. Hence, through the labor market frictions
channel, a productivity differential between tradables and non tradables by 1% appreciates
the relative price of non tradables by less (more) than 1% if traded and non traded goods
are substitutes (complements).

The second term on the RHS of eq. (253) reveals that a productivity differential between
tradables and non tradables also impinges on the relative price of non tradables by affecting
net exports and hiring expenditure expressed as a share of traded output, as summarized
by duyx. The combined effect of the improvement in the trade balance and permanently
increased hiring expenditure has an expansionary effect on the demand for tradables which
drives down the relative price of non tradables, as captured by duyx > 0. In terms of Figure
15(a), the labor accumulation channel shifts the GM E-schedule to the right, regardless of
the value of the elasticity of substitution between traded and non traded goods. It is
worthwhile noticing that a change in vy x no longer impinges on the relative price p and
thus the labor accumulation channel vanishes when we let oy, tend toward infinity, i.e., if
agents are not subject to switching costs from one sector to another. Formally, we have
limg, oo qwr% = 0. In this case, the GM FE;-schedule intercepts the LM Eq-schedule at BSj.
Unlike, when o, < oo, the intercept is at G if ¢ > 1.

We turn to the relative response. To facilitate the discussion, we assume that ©7 ~ ©
and 7 ~ Q so that eq. (252) reduces to:

w=—

(-1 (a7 —a) dunx

¢+0 p+0]| (254)

Through the labor market frictions channel, captured by the first term in brackets in the
RHS of eq. (254), higher productivity growth in tradables relative to non tradables lowers
the relative wage w only if ¢ > 1. In terms of Figure 15(b), technological change biased
toward the traded sector shifts to the right the VC-schedule from VCy to VC'. Unlike,
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Figure 15: Long-Run Relative Price and Relative Wage Effects of Technological Change
Biased toward the Traded Sector

with an elasticity ¢ smaller than one, the V C-schedule would shift to the left because the
share of non tradables rises which has an expansionary effect on recruitment in the non
traded sector.

As captured by the second term on the RHS of eq. (254), a productivity differential
between tradables and non tradables also impinges on the relative wage through a labor
accumulation channel. Graphically, as depicted in Figure 15(b), higher productivity in
tradables relative to non tradables shifts further to the right the V' C-schedule from VC’ to
V4. Hence, while w unambiguously declines if the elasticity of substitution is larger than
one, when ¢ < 1, the relative wage response to a productivity differential is ambiguous. In
the latter case, a productivity differential between tradables and non tradables drives down
w through the labor accumulation channel while it increases the relative wage through the
labor market frictions channel.

H.2 Implications of Labor Market Institutions

In this subsection, we analyze graphically the implications of labor markets institutions
for the relative wage response to technological change biased toward the traded sector. In
our framework, the strictness of legal protection against dismissals is captured by a firing
tax denoted by 27 paid to the State by the representative firm in the sector which reduces
employment. The generosity of the unemployment benefit scheme is captured by the level
of R’; unemployment benefits are assumed to be a fixed proportion o of the wage rate
Wi, ie., RI = oW/. Additionally, a higher worker bargaining power measured empirically
by the bargaining coverage is captured by the parameter ayps. Because the transmission
mechanism varies according the type of labor market institution, we differentiate between
the firing cost on the one hand, the generosity of the unemployment benefit scheme and
the worker bargaining power on the other.

The implications of a higher firing tax is depicted in Figure 16(a) where we assume an
elasticity between traded and non traded goods in consumption ¢ larger than one. In this
configuration, as mentioned previously, technological change biased toward the traded sector
shifts to the right the V' C-schedule. As highlighted in Figure 16(a), higher productivity in
tradables relative to non tradables shifts further to the right the V C-schedule from VC’ to
V", thus resulting in a larger increase in #7 /" because hiring in the non traded sector
which decumulates employment is limited by the firing tax. Consequently, the relative
wage w declines more, in line with our empirical findings, through a stronger labor market
frictions effect. However, a higher firing tax also moderates the decline in the relative wage
since net exports increase less. Intuitively, as recruiting expenditure are curbed by the firing
tax, the productivity differential leads to a smaller current account deficit, thus moderating
the necessary trade balance improvement.
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In contrast to a firing tax, raising the unemployment benefit replacement rate or the
worker bargaining power leads to a larger long-run rise in net exports and thus amplifies
the decline in the relative wage through the labor accumulation channel. The implication
of a higher replacement rate o or a larger worker bargaining power ayy is depicted in Figure
16(b) where we consider an elasticity of substitution ¢ larger than one. Figure 16(b) shows
that technological change biased toward the traded sector shifts further to the right the
V C-schedule from V' to Vs in countries where the replacement rate g is higher or the
worker bargaining power ayy larger. As mentioned above, the larger increase in net exports
amplifies the expansionary effect on hiring in the traded sector which pushes up further
the ratio of labor market tightness #7 /§~. Hence, the relative wage of non tradables falls
more through a stronger labor accumulation effect. Raising o or ap also modifies the
labor market frictions channel by increasing the mobility of labor across sectors.®® Because
we find numerically that raising ¢ or ap merely modifies the relative wage response to
a productivity differential between tradables and non tradables through the labor market
frictions channel, we restrict our attention to the labor accumulation channel in Figure
15(b).

I Effects of Higher Relative Productivity of Tradables on
Unemployment Rate Differential

In this section, we investigate the effects of higher productivity in tradables relative to non
tradables on the unemployment rate of tradables relative to non tradables. To alleviate
the notation, we drop the superscript T to denote steady-state values since we focus on
steady-state changes.
To write analytical expression in a compact form, it is useful to set:
4 =J
¥ = ‘ —. (255)
(1 — OéV) W+ X]W}]g

which implies (see eq (184) for the traded sector and eq. (192) for the non traded sector):
67 = W=, (256)

55Tn countries with a higher worker bargaining power ay, firms are willing to recruit more (because it
is relatively less costly due to a higher probability to fill a job vacancy) while workers are less reluctant
to move from one sector to another (since they receive a larger share x of the surplus associated with a
labor contract in the marginal benefit of search). In economies with a more generous unemployment benefit
scheme, while workers are more reluctant to move from one sector to another (because x falls), the vacancy
creation is more elastic to technological change. Since the latter effect predominates, the labor mobility
rises.
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Differentiating the definition of the steady-state level for the sectoral unemployment rate
described by:
j i 257
s +mi (67)° (257)
one obtains the standard negative relationship between u/ and the labor market tightness
in sector j: '
, mi .
W = —ay———6. 258
Vsi +mJ (258)
Using the fact that 27 = 47 and 2V = p+alV, subtracting @ from 4 by using (256) and
(258), one obtains:

~T AN m’ T, T m? vV (54 8N
A s S e g S ] B

T N 1 @T N -1
= —ay m ET — m EN + dT — LEN L
sT +mT sV +mN ¢+ 6N sN +mN o+ 6N

m ydn (1 —wuyx)

VN FmNT T (preN)

+

where we have inserted the decomposition of the steady-state change of the relative price
of non tradables given by eq. (246) to determine the percentage change in the labor market
tightness in the non traded sector:

1+@T 1+@N dln(l—UNX)
ZN AT EN 1— ~N EN
<¢>+@N)a+ [ ¢+@N}a+ 6+

1+ 0T -1 dln(1—
sV <¢I@N> al + VN (¢¢+ @N> aN+2NI(1(;+@QjVN)X>. (260)

Using the fact that at the steady-state
follows:

= (1 —uf), eq. (259) can be rewritten as

_ml
7 sI4+mJ

ol —aV = —av{[(l—uT)ET—(1—uN)EN(;18;>]&T—(l—uN)EN< o1
ydIn (1 —ovnx)

+ av(l—uN)E (616N

To facilitate the discussion of the effect of a productivity differential on the unemployment
rate in the traded relative to the non traded sector, we assume that at the initial steady-
state, we have © ~ O, v/ ~ u, ¥ ~ ¥, and we multiply both sides of eq. (261) by u
in order to express the unemployment differential in percentage point so that eq. (261)
reduces to:

du” —du® = —ayu (1 —u) X% [(j;é) (a” —a") - w . (262)

Eq. (262) corresponds to equation (33) in the main text. Eq. (262) breaks down
the response of the unemployment differential to a productivity differential into two com-
ponents: a labor market frictions effect and a labor accumulation effect. The first term on
the RHS of (262) corresponds to the labor market frictions effect. Through this channel,
higher productivity gains in tradables relative to non tradables lower or increase the unem-
ployment rate in the traded sector relative to the non traded sector depending on whether
the elasticity of substitution between tradables and non tradables ¢ is smaller or higher
than one. If ¢ < 1, as our evidence suggest, a productivity differential between tradables
and non tradables appreciates the relative price of non tradables more than proportion-
ately. Because the share of non tradables increases, non traded firms recruit more which
result in a larger decline in 4" relative to u”. The second term on the RHS corresponds to
the labor accumulation effect. Through this channel, the long-run increase in net exports
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raises the demand for tradables and thus encourages firms to recruit more. When ¢ < 1,
the labor market frictions effect and the labor accumulation effect have conflicting effects
on the unemployment differential between tradables and non tradables. If the labor accu-
mulation effect predominates, a productivity differential lowers the unemployment rate in
the traded sector by a larger amount than that in the non traded sector. When ¢ > 1,
higher productivity in tradables relative to non tradables unambiguously drives down the
unemployment differential between tradables and non tradables.

J Correction of the Bias to map Theoretical results into Elas-
ticities Estimated Empirically

In this section, we compute the bias originating from search frictions varying across sectors
which must be accounted for in order to map theoretical results for the responses to a
productivity differential into elasticities estimated empirically.

The long-run change of the relative price (25) can be rewritten as follows:

(1+0T)al — (1+6eM)aY din(l-uyx)
6+ 0v) T ey

(07 faramy o o (O] M)y

Because empirically we consider a productivity differential a7 — a”, to make our estimates
comparable with our numerical results, we have to adjust the long-run change in the relative
price computed numerically with the following term:

bias p = (;igi) [1 — Gigz)] av. (264)

Subtracting (264) from (263) leads to:
P = p—biasp, (265)
- (;igi) (a7 - o) 4 Sl onx) 1?(;1_@%;}( ), (266)

where we denote by p’ the value of p which has been adjusted with the bias originating from
the presence of search frictions which vary across sectors and thus make the elasticity ©7 of
sectoral employment L7 w.r.t. the marginal revenue of labor, =7, slightly different between
sectors. Once the value of p has been adjusted with, we can map the deviation in percentage
of the relative price of non tradables from its initial steady-state derived analytically into
the elasticity of the relative price, 7, estimated empirically:

N

TS oy
(14 eT 1 dln(l1-wyx)
- (¢+@N> 6reN) ar —av

Eq. (267) corresponds to eq. (46a). The first term on the RHS of eq. (267) corresponds
to the effect of a productivity differential ” — @ of 1% on the relative price keeping net
exports fixed while the second term captures the impact of the long-run adjustment in net
exports caused by rise in productivity of tradables relative to non tradables of 1%.

The same logic applies to the relative wage. The long-run reaction of the relative wage
described by (179j) can be rewritten as follows:

T N _
o = _{[QT_QN (;121\7)] ol _ [QN_QN <;18N>} &N} +QNdln¢(1+ (;VNX)’
(e LT

¢+ ON ¢ [ar —av (£67))]

(267)

Ndln(l — ’UN)()

b+ 6V (268)
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We have to adjust the long-run change in the relative wage computed numerically with
the following term:

N N [ 1+6N
1 T QY —Q
bias & = — [QT—QN <¢18N>] 1- [ <¢+9N” QN (269)

Subtracting (269) from (268) leads to:
o' = ©— bias @, (270)

where we denote by &’ the value of & which has been adjusted with the bias originating
from the presence of search frictions which vary across sectors and thus make ©7 along with
OV slightly different between sectors. Once the value of & has been adjusted with, we can
map the deviation in percentage of the relative wage from its initial steady-state derived
analytically into the elasticity of the relative wage, 3, estimated empirically:

a}/

ﬁ - dT dN’

1+@T QN dln(l—UNx)
T N
e ()|l

Eq. (272) corresponds to eq. (46b). The first term on the RHS of eq. (272) corre-
sponds to the effect of a productivity differential a” —a™v of 1% on the relative wage keeping
net exports fixed while the second term captures the impact of the long-run adjustment in
net exports caused by rise in productivity of tradables relative to non tradables of 1%. It
is worthwhile mentioning that the rise in net exports exerts a negative impact on both p’
and &' and thus the term % which shows up in egs. (267) and (272) is negative.

The numerical computation of the unemployment rate differential is subject to the same
bias the relative price and the relative wage. The long-run reaction of the unemployment
differential between tradables and non tradables described by (261) can be rewritten as
follows:

T
-1 N dln (1 —
- ) EN<¢¢+ @N)"’N}”V“N (1= ZNW’

_ _avAT{aT—aN+aN P ) <¢ )

AT o+ ON

}

dln (1 —vnx)
where we set
T
AT = [UT (1—u") ST = (1 —u) 2N (;igNﬂ (274)

We have to adjust the long-run change in the relative wage computed numerically with
the following term:

bias (du” — du®) = —ayaTa® |1 - 0 ‘A;N) = ( ¢¢+_@1N> (275)
Subtracting (275) from (273) leads to:

(du” — duN)/ = (du” — du®) — bias (du” — du®), (276)

= —ayAl (@' - &) + apu® (1- ul) ZNM, (277)

(¢ +0N)
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where we denote by (duT — duv )/ the value of du” — du” which has been adjusted with
the bias originating from the presence of search frictions which vary across sectors and thus
make ©7 along with ¥/ slightly different between sectors. Once the value of du” — du® has
been adjusted with, we can map the unemployment rate differential derived analytically
into its response, o, estimated empirically:
(duT —du )/
g = al —anN ’
N dIn(1 - wvnx)
p+0N al —aN -

Eq. (278) corresponds to eq. (47). Eq. (278) is used to compute numerically the
response of the unemployment rate differential to higher relative productivity of tradables
by 1%, as reported in Table 3. When we abstract from labor mobility costs and let o,
tend toward infinity, the unemployment rate differential reduces to eq. (326). In this case,
changes in u” relative to u” are only driven by differences in search frictions between
sectors.

= —ayAT +apu? (1- uN) (278)

K The Role of Endogenous Sectoral Labor Force Participa-
tion Decision

In this section, we look at a special case of the model for which the sectoral labor force is
inelastic, i.e., o7, = 0 (reflecting the situation of labor immobility across sectors), in order to
highlight the role of an endogenous sectoral labor force participation decision in driving the
long-run effects of a productivity differential between tradables and non tradables. Then,

we analyze the implications of o7, — oo (reflecting the situation of perfect mobility of labor
across sectors).

K.1 Equilibrium Dynamics when o, =0

To begin with, we determine the dynamic system. Denoting by WIJ% the reservation wage
in sector j, the first-order conditions for the traded and the non traded sector described

by eqs. (109b)-(109¢) respectively, implies that ¥ = LJ + U = (XW,Q/@')” with W7, =
R +mJ (Hj) ¢, Using the fact that U/ = <5\W1J%/Cj)% — L7, the dynamic equation for
employment (7) can be rewritten as follows:

.. . . _ . N\OL . . . .

L= mi (67) (AWh/¢) " = [+ (67)] 1.
Assuming that labor force is fixed, i.e., setting o;, = 0, then the equation above reads as:

= md (67) — [s7 +mi (67)] L. (279)

.Imposing a{v = oy and using the fact that m/ (Hj) & = 132"” k709 together with

j A } , S
—UTF = W} and W}, = R +m/ (93 ) &, the Nash bargaining wage can be rewritten as

follows:
vp
= aw (& +r2/ +£¢) + (1 —aw) R. (280)

Wj = aw(Ej+T*xj)—(1—aw)

We now determine the dynamic equation for the labor market tightness. Plugging (280)
into (140) yields:

Ny 67 (t) -
0/(t) = ,{(s’+7“)—
=

— W{(sur*)— G0 (1_O‘W)\Iﬂ}, (281)

J
(=) :

7 (@)

KJ

[Gﬂw%ﬂ—Wﬂ}
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where the overall surplus from an additional job ¥/ is:
W= gl - W g R, (282)
1——am/
with 27 = AT and 2N = PAVN.
Traded Sector

Linearizing the accumulation equation for labor (279) and the dynamic equation for
labor market tightness (281) in the traded sector, we get in matrix form:

(LT, e'T)T = JT (LT (t)— LT, 07(t) - éT)T (283)

where JT' is given by

_ (ST + mT) (mT)/ (1 _ ET)
0 [(ST + 7’*) + T ow

l—ay

JT =

: (284)
)

with mT =mT (0).

The trace denoted by Tr of the linearized 2 x 2 matrix (283) is given by:

7ﬁT

TrJ? = + [aw — (1 —ay)]. (285)

1—-av
The determinant denoted by Det of the linearized 2 x 2 matrix (144) is unambiguously
negative:
aw

T _ (T, ~T -
DetJ' =—(s" +m") |(s +r)+1_av

ml| <0. (286)

From now on, for clarity purpose, we impose the Hosios condition in order to avoid unnec-
essary complications:
awy =(1—ay). (287)

Denoting by v7' the eigenvalue, the characteristic equation for the matrix J (284) of the
linearized system writes as follows:

(F)? = 7! + DetJ” = 0. (288)

The characteristic roots obtained from the characteristic polynomial of degree two can
be written as follows:

1
vl = Z{T*i\/(r*)2—4DetJT}207 i=1,2,

= ;{ *i\/(r*)2+4(sT+mT)2+4r*(sT+mT)},

= %{r*j: [r*+2 (s +m")]}, (289)

where we used the fact that DetJ? = — (ST + ﬁ’LT) (ST +r* 4+ fnT).

We denote by v < 0 and v > 0 the stable and unstable eigenvalues respectively which
satisfy:

vi = —(sT+m") <0< <vd = (s +r*+m’). (290)

Non Traded Sector

Linearizing the accumulation equation for non traded labor (279) by setting j = N and
the dynamic equation for labor market tightness (281) in the non traded sector by inserting
first the solution for the relative price of non tradables (134), i.e., P = P (LN, A AN), we
get in matrix form:

(L'N, éN)T = gV (LN(t) IV oV (@) — éN>T (291)
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where J is given by

N —(sN—l—ﬁ"LN) (mN)/(l—f/N)

JU = 1—aw mNP AN N * ~N aw ’ (292)

71—05\/&7]\7 LN |:(5 +T ) +m 1_aV]
with Py = 225 = A% < 0.
oL ol
The trace is:
mN
TeJN = + [aw — (1 —ay)]. (293)
1—ay

The determinant denoted by Det of the linearized 2 x 2 matrix (292) is unambiguously
negative:

_ 7N 5
DetJV = — (sV + ™) |:(8N )+ 1fVZVmN}+11 _ZVVV TP AN (mV) (1= L) <o.
(204)

Assuming that the Hosios condition (287) holds, the determinant (294) can be rewritten as
follows:

T ~ _ TN
DetJV = _(5N+mN) (SN—{—T‘*) sN 4 N _1_0‘Wm7NPLNANmN’/ (1 L )
SNt ) T—ay &8 (N 4r) (Y +md) |
N * 50 N ~ P LN ~N
= (" ") (7 ) KW> P T }<0, (295)

where we computed the following term:

1 — ay @ Py ANmNY (1 - LN)

L—ay &N (sN+r%) (sVN+mh)
(1—aw) mY mNGN aNUN Py AN
(V1) NN N (1 —ay) (sV +mN)’
ay sNLN P vAN

IV (1—ay) (sNV +ml)’

~N P LN B
- W)L TINT pyN, (296)
l—ay /) gN P
To get (296), we used the fact that % = @LN, 1— LN =UN, mNUN = sNLN | and
~N __ sN
U = SNy

We denote by vi¥ < 0 and 1/5\7 > 0 the stable and unstable eigenvalues respectively
which satisfy:

vV <0< <. (297)

K.2 Formal Solutions for L”(t) and 67(t)

The stable paths for the labor market in the traded sector are given by :
LT@t) — LT = DTet, (298a)
oT(t) — 67 = whLDTe"t, (298b)

where D = L¥ — LT, and element w3, of the eigenvector (associated with the stable

eigenvalue v{ ) is given by:

T ~T T
+ T +
WL = (Tmi+n) (299)

mHT (1 — I~/T>

where we used the fact that v{ = — (s7 +m”) (see eq. (290)). From (298a), the dynamics
for labor market tightness 87 degenerate.
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K.3 Formal Solutions for LY (t) and 0 (t)

The stable paths for the labor market in the non traded sector are given by :
IN@#) — LN = DNev't (300a)
oN(t) — N = W DNev't, (300D)

where DY = LY — LN, and element wd| of the eigenvector (associated with the stable
eigenvalue v{¥) is given by:

N (sN +mV + V{V)
W1 = . )
m/N (1 — LN)
1—aw mV N
_ raw A (301)

(SN+’F*+T7LN*V{V)

K.4 Formal Solution for the Stock of Foreign Bonds B(t)

Substituting first the short-run static solutions for consumption in tradables given by (136),

and using the fact that V/ = U767, the accumulation equation for traded bonds (138) can

be written as follows:

B(t) = r*B(t)+ATLY(t)-CT (LN (1), A\, AN)—&T07 (1) (1 — LT (1)) —sNoN (¢) (1 — LN (1)) ,
(302)

where we used the fact that U7 = 1 — IJ when o7 = 0.

Linearizing (302) in the neighborhood of the steady-state and inserting stable solutions
given by (298) and (300) yields:

B(t) = (B() - B) + AT (L7(t) - L) + AN (LV(t) - IY), (303)
where we set:
AT = AT 4 £ToT — kT (1 - I~/T) wl >0, (304a)
AN = —CEN — kNN — kNN WY,

(SN +ml + ViN)
avﬁlN

= —CTy + NN [1 - >0, (304D)

where we have inserted (170b) and used the fact that (m® )IGN /mY = ay to get (304b);
note that CgN ~ ( as long as ¢ ~ o¢ in line with evidence for a typical OECD economy.
The sign of (304b) follows from the fact that wd < 0 (see (301)).

Solving the differential equation (303) yields:

- - AT DT ANDN T . AT DT AN DN
B(t):B+{(BO—B>— —L ]e”JFTl”lT%L et (305)
vi —1r* vy —r* vi —r* vyt —r*

Invoking the transversality condition for intertemporal solvency, and using the fact that
DI = LY — LT and DY = L} — LV, we obtain the linearized version of the nation’s
intertemporal budget constraint:

B-By=o" (L' - Lf) + o (1V - 1Y), (306)
where we set
. AT (AT - nT§T> v AN
R e P R A s (307)

Equation (307) can be solved for the stock of foreign bonds:
B:B(iT,EN), Bir =87 <0, Bon=oY <0. (308)

For the national intertemporal solvency to hold, the terms in brackets of equation (305)
must be zero so that the stable solution for net foreign assets finally reduces to:

B(t)~ B=o" (LT(t) - L7) + @™ (LNt - L) . (309)
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K.5 Solving Graphically for the Steady-State

We investigate graphically the long-run effects of a rise in the the ratio of sectoral pro-
ductivity. Assuming a{/v = aw and setting o7, = 0, the steady-state (231) reduces to the
following system which comprises five equations:

— = P?, (310a)

=G +ZT) o (310D)
r! B (1 . a%},) gT

Ia <§T> (T ) (310c)
wN B (1 — aZVVV) o

N <§N> (N ) (310d)
YT —wunx) _ CT (310¢)

where —vyxy = vg — U‘T/ — vy.

Goods Market

Because we restrict ourselves to the analysis of the long-run effects, the tilde is sup-
pressed for the purposes of clarity. To characterize the steady-state, we focus on the goods
market which can be summarized graphically by two schedules in the (y7 — y, p)-space,
where we denote the logarithm of variables with lower-case letters.

The goods market equilibrium (GM E)-schedule that we repeat for convenience is iden-

tical to (233):
GME
(nggN)‘ — ¢p—dn (1 — vnx). (311)

The G M E-schedule is upward-sloping in the (y” — ', p)-space and the slope of the G M E-
schedule is equal to 1/¢.

The labor market equilibrium (LM E)-schedule that we repeat for convenience is iden-
tical to (241),

LME

g =gV =-eVp+ (1+0)a" - (1+eN)a", (312)

except for the elasticity ©7 of employment to the marginal revenue of labor which reduces
to:

AT Ty T
ol = - T >0, (313a)
[( - aV) U+ x WR]
PAN N, N
oV = vy > 0. (313b)

[(1 — av) gN —FXNW}]%V]

The LM E-schedule is downward-sloping in the (y” — y”,p)-space and the slope of the
LM E-schedule is equal to _@LN‘ When o7, = 0, 6/ is smaller so that the LM E-schedule is
steeper.

Labor Market
Imposing o7, = 0 into eq. (231b), the decision of search (DS)-schedule reduces to:

LT T N N N
L _m m™+s (314)
LN miN mT + sT CT
Taking logarithm and differentiating eq. (314) yields:
T =N = apu’0" — apuVoN. (315)
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Assuming that the labor markets display similar features across sectors, i.e., u/ ~ u, eq.
(315) reduces to:
(07— o)

The DS-schedule is upward-sloping in the (17 — "V, In (g—f,) )-space. Comparing (316) with

szo - ml/u (-, (316)

(241), it is straightforward to show that the DS-schedule becomes steeper when o7, = 0.
The VC-schedule is downward-sloping and identical to (245).

K.6 Effects of Higher Relative Productivity of Tradables When o, =0

Equating demand for tradables in terms of non tradables given by eq. (311) and supply
(312) yields the deviation in percentage of the relative price from its initial steady-state
(246). When assuming 07/ ~ @', eq. (246) reduces to:

(1+0) (@ -a") din(1-ouyx)

P= (¢+0) + b+o) (317)
where _ . . ]
/r —ayu _ = [ayu oLX

O = (1= ay) U+ YWg] <@_[(1—av)‘I’+>ZWR]’ (318)

with © given by (235). Assuming o7, = 0 lowers the elasticity © of sectoral employment
w.r.t. marginal revenue of labor. Intuitively, increased productivity induce firms to post
more job vacancies which raises the labor market tightness and thus the probability of
finding a job. When o, > 0, higher 67 increases L’ through two channels: i) by triggering
an outflow from unemployment, and ii) by inducing agents to increase the search intensity
for a job. Because the latter effect vanishes if o = 0, employment becomes less responsive
to productivity gains, as captured by a lower O, i.e., © < O (see inequality (320)). Since
©' < ©, comparing eq. (317) with eq. (27) shows that when setting o7, = 0, the labor
market frictions effect captured by the first term on the RHS of eq. (317) is moderated
or amplified depending on whether ¢ is larger or smaller than one. In the former case,
traded output increases less so that the relative price of non tradables must appreciate by
a smaller amount to clear the goods market. If ¢ < 1, a productivity differential between
tradables and non tradables raises the share of non tradables and thus has an expansionary
effect on labor demand in the non traded sector. When o = 0, as detailed below, firms
must increase wages by a larger amount. To compensate for the higher unit labor cost, non
traded firms set higher prices so that p increases more. Irrespective of whether ¢ is larger
or smaller than one, a productivity differential between tradables and non tradables exerts
a larger negative impact on p when o = 0 through the labor accumulation effect. The
reason is that following higher net exports, because the reallocation of labor across sectors
is absent, traded output increases less which in turn triggers a greater excess of demand for
tradables, thus leading to a larger depreciation in the relative price of non tradables (i.e.,
a larger decline in p).

Equating labor supply (316) with labor demand (245) while assuming 6/ ~ © and
V ~ Q leads to the deviation in percentage of the relative wage from its initial steady-

state:
Q

5r e

Eq. (319) shows that assuming a fixed labor force by setting o7, = 0 amplifies both the
labor market frictions effect (captured by the first term on the RHS of eq. (319)) and the
labor market accumulation effect (captured by the second term on the RHS of eq. (319)).
Intuitively, higher productivity shifts the V C-schedule along a steeper DS-schedule, thus
resulting in larger changes in the ratio #7 /6" and in the relative wage w. As discussed in
section 5.2, across all scenarios, even if the labor market frictions effect raises the relative
wage (when setting ¢ < 1), the labor market accumulation effect predominates. Setting
or = 0 amplifies the negative impact of the labor accumulation effect on the relative wage
by such an amount that the model cannot account quantitatively for the size of decline in
the relative wage (i.e., tends to overstate the decline in w) found in the data.

o=

(¢ —1) (a" —a") + donx] - (319)

50



K.7 Effects of Higher Relative Productivity of Tradables When o, — oo

In this subsection, we investigate the relative price and relative wage effects of higher
productivity of tradables relative to non tradables when we let o, tend toward infinity. In
this configuration, the case of perfect mobility of labor emerges.

As mentioned in section F, the steady-state can be characterized graphically by con-
sidering alternatively the goods market or the labor market. When we let o, tend toward
infinity, eq. (235) implies that ©7, which captures the elasticity of sectoral employment
w.r.t. the marginal revenue product of labor, tends toward infinity. Inspection of (233)
and (234) indicates that when o7, — oo, the slope of the GM E-schedule (equal to 1/¢) is
unaffected while the LM E-schedule (whose slope is equal to 1/©%) becomes a horizontal
line. Letting o, tend toward infinity into (246) and applying I'Hopital’s rule leads to the
steady-state change in the relative price driven by standard search frictions alone:

1+e” . 1+eVN

P = o pren® T gyent
T T
X' X
= XszfNaT —al. (320)

Applying I’'Hépital’s rule to the relative price effect once the bias has been controlled for as
described by eq. (266) leads to:

1+ 6T
. A~ _ . AT_AN
Jm = dim ooy )
T T
X )3 AT AN

where we used the fact that lim,, o oV = o, % = NIy,

According to our quantitative analysis, while labor market parameters are allowed to
vary across sectors, the term in front of a” is close to one for the baseline calibration. As
a result, a 1 percentage point increase in the productivity differential between tradables
and non tradables appreciates the relative price of non tradables by 1% approximately.
Assuming that ©7 ~ © and applying 'Hopital’s rule, the rate of change of the relative price
described by eq. (27) reduces to:

lim p=a’ —a". (322)

Consequently, a model with labor market frictions reaches the same conclusion as the
standard neoclassical model with a competitive labor market as long as the elasticity of
labor supply at the extensive margin tends toward infinity.

Inspection of (241) and (245) indicates that when o7, — oo, the DS-schedule (whose
slope is equal to m) becomes a horizontal line while the V C-schedule (whose slope
is equal to —m) is unaffected. Letting o, tend toward infinity into (252) and
applying 'Hopital’s rule leads to the steady-state change in the relative wage driven by

standard search frictions alone:

1+ 06T 1+ 06N
s T-T | ONAN | ON ~T ~N
Gilinoow = Uilgloo—(l a +9Q%at +Q [¢+@Na —¢+®Na ,
TET
= QT — VX _Z |7 2
{ VS a (323)

Applying I’'Hépital’s rule to the relative wage effect once the bias has been controlled for as
described by eq. (271) leads to:

1 T
Jm =t 07 oV ] @ ).
T ET
S [QT = QN;NE] (@ —aMy. (324)
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Assuming that ©7 ~ © and applying 'Hopital’s rule, the rate of change of the relative wage
described by eq. (30) reduces to:
lim &= (QV-a")a’, (325)
o1, —00

where Q7 captures the elasticity of the sectoral wage w.r.t the marginal revenue of labor;
according to (325), the effect of higher productivity in tradables relative to non tradables on
the relative wage is proportional to Q¥ —Q7T. More precisely, when we let o7, — 00, while the
ratio of labor market tightness remains unaffected if ©7 ~ ©, technological change biased
toward the traded sector may influence the relative wage as long as the elasticity of sectoral
wage w.r.t. the marginal revenue of labor 7 varies across sectors. For our benchmark
parametrization, we have 0/ ~ Q so that the relative wage is (almost) unaffected by a
productivity differential.

Applying ’Hépital’s rule to the unemployment differential once the bias has been con-
trolled for as described by eq. (277) leads to:

lim (duT — duN)/ =  lim —ay |[ul (1 - uT) T —uN (1 - uN) N ﬂ (dT —
o, —00 o, —00 v (ZS + @N
T
— _ax? [uT (1= ) = (1= ) ;N] (@” —aV).

When search frictions do not differ across sectors, then lim,, oo (duT — du® )/ =0.

In conclusion, a model with search frictions reaches the same conclusions as the standard
neoclassical model with a competitive labor market as long as the elasticity of labor supply
at the extensive margin tends toward infinity.

L Non-Traded and Traded Hiring Costs

In the main text, both traded and non-traded firms pay a cost per job vacancy expressed
in terms of the traded good. In this section, we relax this assumption and consider that
recruiting costs paid by non-traded firms are expressed in terms of the non-traded good and
hiring costs paid by traded firms are expressed in terms of the traded good. We emphasize
below the main changes regarding the baseline model and we detail the steps to solve the
model.

L.1 Main Changes to the Setup

The profit function for traded firms is identical to (117). Each sector consists of a large
number of identical firms which use labor, L7, as the sole input in a linear technology,
YJ = AJLJ. Firms post job vacancies V7 to hire workers and face a cost per job vacancy
x? which is assumed to be constant. Denoting by P the price of non traded goods in terms
of traded goods, the profit function of the representative firm in the non traded sector is:

V() = POANLN(t) — WN @) LN (t) — P(t) kN VN (1) — 2V . max {0, —LN (t)} ., (327)

where we assume that the cost per job vacancy is measured in terms of the non-traded
good.

First-order conditions for the traded sector are unchanged while for the non-traded
sector, they can be rewritten as follows:

HN
() + 2 JH]VDE?N@))’ (328a)
AN = AN@) (r+ SN) — (EN(t) — VsV — W), (328b)

where vV represents the pecuniary value of an additional job to the representative firm of
sector N. Differentiating (328a) w.r.t. time leads to:

N | AN P(t)
ON() AN +2N P(t)

1

. 29
1—ay (329)

52

a),

(326)



Inserting eq. (328b) into (329) leads to the dynamic equation for the labor market tightness
in the non-traded sector:

v = N0 {(SN oy - LON) (L o)) UV Pl } o (s30)
(1-af)) P(t)rN P(t)
where the overall surplus U% is
N (t) = P)AN + 2N + ”;FV (331)
The market clearing condition for the non-traded sector now reads as follows:
ANIN (@) = ON (N, P@)) + &NV (¢). (332)
Solving (332) for the relative price of non-tradables leads to:
P(t) =P (LN (t), VN (1), X, AY). (333)

Using the fact that V7(t) = U7(t)07(t), differentiating (333) w.r.t. time, i.e., P(t) =
P nLN(t) + Pyn (GNUN(t) + UNéN(t)), the dynamic equation for the relative price of
non-tradables, i.e., P(t)/P(t), reads as follows:

P(t) _ AN LN(t)_

KNVN N kNoN

GNP 9%() O P UN(t). (334)

P(t)  CNP

Eliminating P/P from (330) by inserting (334) leads to the dynamic equation of the
non-traded labor market tightness:

Ny oM (t) N ey SO (0) (1= afy) W (D)
07 (t) = (1 . ag) _ ECI'VPI\"/;V { ( + ) P(t)HN
AN KNON (1)
 CNP(t) LE0 + CNP(t) UN(t)}' 359

By assuming that hiring costs are expressed in terms of the non-traded good, the solution
method becomes more complex since LY (t) and U () now show up in the equation (see
the previous eq. (140) when hiring costs are expressed in terms of the traded good).

As shall be useful below to write the dynamics in a compact form, we set:

o =(1-ad)|1- ai (336a)
1 v 1-— a{}f ’
AN NGN
P L (336b)
cyp
NN Y
N KO A
_ y 336
as C}].yp ng ( C)
Ny N NpoN Y N
N KV kYO A <’UF N) N
al = + £ L RV ) o). (336d)
chNp " oNP o, \ X

Inserting the dynamic equation for job seekers (114) into (335) and making use of (336),
leads to the dynamic equation for the non-traded labor market tightness:

. N N (oN B aN N ‘
) = Ha{(f){ IR i <t);((1)KN ARAIOR
+ le]J,V [(Z};\}[ +RN> (SN —l—fr*) +mh (HN(t)) OJJV\[T/\I/N(t)] } (337)
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L.2 Equilibrium Dynamics

Linearizing the accumulation equation for non traded labor (7) by setting j = N and the
dynamic equations for labor market tightness (337) and job seekers (114) in the non-traded
sector, we get:

(LN,éN,UN)T — N (LN(t) CIN N — 8N, UV @) — IJ*N>T, (338)

where JV is the Jacobian matrix described by:

—sN (mN), N mN

N _ N N N
JU = x%} x%\? x?\? , (339)
T31 T32 L33

where we computed the following linearized terms:

N v SN (1= o)
A= ip{‘ (=00) | o [(s 4 1%) 4 ]
6N NN
+ a[{v (ZL‘Q PLN +(Z ) (340&)
oN | (1 —ad) (sN +r*
- G{V[< DT s ool o
6N N N N/ N\ITTN
T @(% PynUN —adl (mN)Y'UN), (340b)
6N v V(1 - agy
= G OO () ol
HN N N N __N
+ @(552 Pynt™ —ay'm™), (340c)
and
N N 5\ N N 4N 5\ vé«“v N aN
= (28" +0*) +m aW‘l_im oy A PLN+7 -~ tR N7521(3413)
Urp B VFFr A 0
by A
a, = e o fNaN o — (m )UN+—m ay AN Py~ U
Vpp Vrr
5\ <’U§;1V N) OZN N
+ — R —T59, (341b)
ng A oN )
A
ady = (N +7) +mVaf, —m" toym Nagy AN Py v o™
VR
Aol N Y
A (g 7 341
+ VP < A > N 23 (341c)

where we used the fact that f'0/f = — (1 — ay), m'0/m = ay, f =m/6, and set

sV 4 r* PAN
xgvz_< - )(qﬂv —1>+a3m ady, AN (342)

to write the linearized system in a compact form.
Setting the constant D = 0 associated with the unstable eigenvalue v’ to insure a
converging adjustment for all macroeconomic aggregates, the stable paths are given by:

IN@#) —IN = DNev't (343a)

oN(t) — N = W DNevt, 343b
2

UN@#) —ON = wlDNen't, (343c)
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Using the fact that A = B +~ATLT 44N LN | differentiating with respect to time, noticing
that (19L7) = r*¢/[J — 7/, the accumulation equation of traded bonds is given by:
B = A—#TLT —ATiT 3NN _ NN
= P (A=ATL" = AN 47t 4 7N+ WL + WVLN + RTUT + RNUN — T — PoC.
Remembering that 7/ = &/ —WJILJ — PIgJVI —xJ .max 40, —LJ }, inserting the market

clearing condition for the non traded good (332) and the balanced government budget (19),
the current account equation reduces to:

B(t) =rB(t)+ ATLT(t) — CT(t) — GT — kTVT(1). (344)

Substituting first the short-run static solution for P (333) into the static solution for
consumption in tradables given by (136), and using the fact that V/ = U767, the accumu-
lation equation for traded bonds (344) can be written as follows:

B(t) =r*B(t) + ATLT(t) — CT (LN (¢),0N (1), UN (¢), A, AN) — GT — k70T (1)UT (1). (345)

Linearizing (345) in the neighborhood of the steady-state and inserting stable solutions
given by (166) and (343) yields:

B = (B0~ B) + A7 (170 1)+ A% (1Y) - 1Y) (340

where we set:
AT = AT — (TU WL — k107w (347a)
AV = —[CIv + Civwi) + O] (347D)

L.3 Decomposition of Steady-State Changes

Assuming oe{,[, = aw and a{/ = ay, the steady-state reads as follows:

T ~
% - &P‘ﬁ, (348a)
1Tt (¥ ) [t 15
LN mN (sT +mT) [(AWE J¢N]7H

k! (1 —ap)w?
FT () = e (348c¢)

PrN (1 —aw) ¥V
N (6N) = (N +r7) (348d)
YT(l—FUB—Ug) cT (348¢)
= —, e

YN (1-)) cN

where o

wWh = ﬁPmNGN + RN, (349)

Assuming that non-traded firms use labor services from non-traded employment agencies
modifies eq. (348d), (348e) and (349).

Inserting first (349) into the the total surplus from an additional job, i.e., W == 4+
r*z — W, and totally differentiating (348d) leads to the steady-state rate of change in the
sectoral labor market tightness:

oV =sNaN 4+ p [2N — N (350)
where we set:
A =7
¥ = = —, (351a)
(1= av) i+ W]
=N N i N
SN/ = VA X W (351D)
N i/ N =N ’
[(1—ay)UN + I WH] =
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Denoting by

0 =¥ [avu! +orX’], (352a)
N =N [ayu® + apxM], (352b)
differentiating (348b) and inserting (350) leads to labor supply:
TN = [avuT + ULXT] o7 — [aVuN + O'LXN] oN —ﬁJLXN,
ofal —eNaN —p (0N — M) +orx™]. (353)

Using the fact that [/ = §7 — a7 differentiating (348a), inserting (353) and solving for the
steady-state change in the relative price of non-tradables leads to:

(1-vyx)
(1+e7)a” — (1+eN)aV dln[(l—fff{)]

p = A A )

(354)

where we set

A=¢+ (0 —0MN) + oY (355)

Inserting (349) into the Nash bargaining wage, i.e..n w’ = ay (Ej + r*xj) +(1 — aw) W]j{,
differentiating and substituting the steady-state in the labor market tightness (350) leads
to:

N — T = NeV - QTal +p (oY — o), (356)
where we set:
BN aw (1 —ay) W9 + W
i = = ow = av) W+ Wy (357a)
(= ay) W+ W,
1— UN NN

wlV [(l—av)\I/N-i-xNWéV].

Plugging (354) into (356) and collecting terms leads to the steady-state change in the
relative wage of non-tradables:

S _{QT_(QN—QN”) (1+@T)}AT+{QN_(QN—QN”) (1+9N)}&N

“ A ¢ A
(@Y —a™) (1—wnx)
—Adln | V—F=~| . 358
LN N rpy (358)
Differentiating the sectoral unemployment rate described by eq. (257) leads to:
du? — du®™ = —ay [uT (1—u") o7 —uN (1 —u™) QAN} . (359)

Inserting (354) into (350), using the fact that 67 = ¥7a” substituting the outcome into
(359), and collecting terms leads to the unemployment differential between tradables and
non-tradables:

B (V-2 (1+e7) ] .
du® — duN = —av{uT(l—uT)ET—uN(l—uN)[ A }aT

o {uN (1= M) lzN (V- 2N2 (1+6N) }aN

+ apul (1—uM) (ENZAEM)dln [W] . (360)
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L.4 Correcting for the Bias

We now compute the bias originating from search frictions varying across sectors which
must be accounted for in order to map theoretical results for the responses to a productivity
differential into elasticities estimated empirically.

Because empirically we consider a productivity differential a” — @V, to make our esti-
mates comparable with our numerical results, we have to adjust the long-run change in the
relative price computed numerically with the following term:

bias p = % [(1+07) - (1+6M)]a". (361)

Subtracting (361) from (354) leads to the 'unbiased’ relative price response to a productivity
differential:

p' = p — bias p. (362)
The same logic applies to the relative wage. The long-run reaction of the relative wage
described by (358) must be adjusted with the bias which reads as follows:

bias & = — { [QT — (Y — V) (IZGTH — [QN — (V- i) (HA(QJV)] } al.
(363)

Once the value of @ has been adjusted with, we can map the deviation in percentage of
the relative wage from its initial steady-state derived analytically into the elasticity of the
relative wage, [, estimated empirically:
&' = & — bias @. (364)
The numerical computation of the unemployment rate differential is subject to the same
bias as the relative price and the relative wage. We have to adjust the long-run change in
the unemployment differential computed numerically with the following term:

N _ Ny N _ T

(365)
The long-run reaction of the unemployment differential between tradables and non tradables
described by (360) must be corrected for the bias (365):

(duT - duN)/ = du” — du® — bias (duT - duN) (366)

bias (duT — duN) = ay {uN (1 —uN) [EN —

L.5 Steady-State Changes when o, — o

Once the bias (361) caused by search frictions is controlled for, the decomposition of the
steady-state change in the relative price reads:

(ron) @ -a) [
g U+ a’ —a 1-vy
p = A + A (367)
Letting o1, tend toward infinity and applying 'Hopital rule leads to:
1407 (aT —aN
lim p = lim ( + ) (a ¢ ) ,
o —00 o, —00 A
T T
_ X % ~T _ ~N
= ey sy @ ), (368)

where we used the fact that lim,, 0o A = 00, % =V (2 = 2N+ 1) and g%z = NIy,

Once the bias (363) caused by search frictions is controlled for, the decomposition of
the steady-state change in the relative wage reads:

oo {QT _ (V- QN;) (1+e7) } (a7 — &)
(@ - 0¥ (1 oxy)
s ——dn [(1—5&()] (369)
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Letting o, tend toward infinity and applying ’'Hopital rule leads to:

N _ Ny T
lim &' = lim —{QT—(Q o )(H@)}(aT—aN),

o, —00 o, —00 A

QNﬁQN,/ ET T X X
- —{QT— (EN—ENv’)Jrl >><<N} (@ —av). (370)

Once the bias (365) caused by search frictions is controlled for, the decomposition of the
steady-state change in the unemployment rate of tradables relative to the unemployment
rate of non-tradables reads:

(du” — &™) = —ay {uT (1—uT) ST — ™ (1 - u) [ZN > (140 } (a7 —aM)
4 ave (1-0) E g [((11‘_%)] . (371)

Letting o1, tend toward infinity and applying I’Hopital rule leads to:

(2% = 5% (14 )
A

o, —00 o, —00

lim (dquduN)/ = lim —ay {uT (lfuT) T N (1uN)[

b

T) T T N N sV — »N/ XT AT AN |
= —ayXT T (1—uT) — o (1 —u?) SN SN 4 14N @’ —a). (372

M Non-Traded Hiring Costs

In this section, we relax the assumption that hiring costs are tradables and consider that
recruiting costs paid by non-traded as well as traded firms are expressed in terms of the
non-traded good.

M.1 Market Clearing Condition

Assuming that both traded and non-traded hiring costs are expressed in non-traded units,
the market clearing condition now reads as follows:

ANLN =N (X P) + &NV 4 £TVT (373)

where we have inserted the short-run static solution for consumption in non tradables
cN ()\, P) given by (132). Totally differentiating allows us to solve for the relative price of
non tradables:

P(t) =P (LN(t), VN@®), VT (#), X AY), (374)
where
Pin = ;L]jv = g}g <0, (375a)
Pyn = % = —g}; >0, (375b)
Pyr = 88% = —g; >0, (375¢)
Py = ZJ: = (C;g <0, (375d)
Puv = % = g}g <0. (375€)
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M.2 Firms’ Decisions

Firms pay the wage W7 decided by the generalized Nash bargaining solution. As producers
face a labor cost W7 per employee and a cost per hiring of 7, the profit function of the
representative firm in sector j is:

W= EL Wi — PV — 47 max {0, —LJ} , (376)

where Z/ is the marginal revenue of labor (i.e., 7' = AT and EV = PAN); 27 is a firing
tax paid to the government when layoffs are higher than hirings, i.e., if L <o. Denoting
by f7 the rate at which a vacancy is matched with unemployed agents, the law of motion
for labor is given by:
L= fivi— L. (377)
The current-value Hamiltonian for the sector j’s representative firm optimization prob-
lem is:

H = ZIL — WIL — PRIVI 4 (v +27) (fIVI — §TL7), (378)
where Z7 is the marginal revenue of labor with 27 = AT and =V = PAYN and 47 is the
co-state variable associated to the labor motion equation (118).

Denoting by 77 the shadow price of employment to the firm, the maximization problem
yields the following first-order conditions:

J = M a
O = pewy .
Vo= A (4 8) - (B —als — W) (379b)

Noting that (379b) can be rewritten as follows 57 (t) = (77 (t) + /) (r* + s7)— (E7(t) 4+ r*a? — WI(¢))
and differentiating (379a) w.r.t. time leads to:

P(t) AN T )
ot ) ew = S
PO (- ay) B()
= (m+d) - ( 5 (t)/::) : (380)
where we set i
W(t) = Z(t) + el + %F (381)

Because hiring costs are expressed in non-traded units, (380) implies the following relation-
ship between traded and non-traded labor market tightness dynamics:

0Ty 1 ) 1) (1 - oky) uT(t) ) V@) (1= al) U (t)
0T(t) 1ai5{ (" +s7) - P(t)nvﬂv“ = | (7 s) - P(t)/iV]VV
I\
£ (- ad) (352

where the dynamic equation for the non-traded labor market tightness is described by:

P(t) 6 (1) 0 (1 - o) wN )

Py TV gy = (7 +sY) P(1)rN

(383)

Using the fact that V7(t) = U7(t)67(t), differentiating (374) w.r.t. time, i.e., P(t) =
Py nLN(t) + Pyw <9NUN(t) +UNGN (t)) + Pyr (GTUT(t) + UTéT(t)>, the dynamic equa-

tion for the relative price of non-tradables, i.e., P(t)/P(t), reads as follows:

P _ AN N - NVNON() kNN L 0 KTVT 07 (t)
P(t) chp CNP ON(t) CNP CHP 607(t)
_ xkToT UT(t) (384)
cNP '
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As shall be useful below to write the dynamics in a compact form, we set:

N T

N N ay Gy
a' =(1-ay) 1_1—a$_1—a§ , (385a)

N AN + kNN

@ = =—5p (385h)
TyT
r K0
= - 385
as CgP7 ( C)
NoN X
af = (385d)
Cp P opp
ToT Y
r KOA
- A 385
as CgPU%:F ( e)
Ny/N NpN N
N KV KYOY N (R N\ N
= =—+R 385f
“W=CoNp T ONP Y, ( N R )ev (3851)
Ty/T ToT 3 T
r KV A T> T
= —+R . 385
YT oNp cgpv§F<A )y (385¢)

Plugging the dynamic equation for the relative price of non-tradables (384), next in-
serting the dynamic equation for job seekers (114) in the traded and non-traded sector
into (383), and eliminating the dynamic equation for the traded labor market tightness by
making use of (382) leads to the dynamics for the non-traded labor market tightness:

: AL al . SNON @) (1 —aff) UM ()
Mo = S (i) |- PO
al . fT(07 @) (1 —af,) ¥ (@)
N 1 —4oz‘T/ (" +s7) - P(t)/iTW

+ af [(1];\}[ + RN> (sN +7%) +m (6N (1)) a%\I/N(t)]
T
+ al K“f + RT> (sT + ) +m® (67 (1)) a%;/\IJT(t)} —a LN (t) — ad L'T(zaog}gﬁ)

M.3 Equilibrium Dynamics

The adjustment of the open economy towards the steady-state is described by a dynamic
system which comprises six equations. When assuming that hiring costs are non-tradables,
the dynamics within each sector cannot be analyzed separately because the relative price
dynamics imposes a connection between the two labor markets.

The first dynamic system consists of the law of motion of employment in the non-traded
and traded sector described by (7), the dynamic equation for non-traded labor tightness
described by eq. (386), the dynamic equation for traded labor market tightness described
by eq. (382), and the dynamic equation for job seekers in both sectors given by (114),
respectively. We drop the time index to denote the steady-state value. Before linearizing,
we recall that W7 + % = a{;V\I/j and Z 4+ r*xd —WJ = (1 — O‘%V 28

Linearizing the the accumulation equation for labor in sector j = N,T, the dynamic
equation for labor market tightness in sector j = N, T, and the dynamic equations for job
seekers in both sectors, we get in matrix form:

(B0, 6% (), 0 1), 27 (0),67 (1), U7 (1))
= J(IN@) =LV, 0N () - 0N, UN (1) = UN, LT(t) - LT, 67 (1) — 07, U7 (t) — UT)587)
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where J is given by

—sN (mN)/ N mN 0 0 0
21 22 T23 T4 25 26
31 32 33 T34 35 36
J = , 388
0 0 0 —sT (mM)'uT mT (388)
51 T52 53  Ts4 55 56
Z61 62 T63  T64 Z65 66
where we computed the following linearized terms:
N vi il a; A (1 - O‘Jv\tf/) N (N N_N
ol = a{v X 1_1—04‘T, 5N +ay [(s" +r*) +m" oy
9]\/
+ (e P ). (3594)
o (1_0‘5)(3]\["‘7"*) N _N¢N_N 5N
T2 = W [ 1—0“/ oN +az ay [T oy ¥
9N
+ @ (x2 PVNUN —aly (mN)’UN) ’ (389b)
0N vy a; N (1 - 0‘%) N (N N_N
To3 = @ 3 171—045 PN + aj [(5 +7‘)+m aW]
+ ﬂ (22 Pyn N — afm™) (389c)
CL{V 2 LVN 2 )
0N vip a; T (1 - 0‘5/) Tr(.T T.T
Tog = @ 5 _1—045 BT + a3 [(s +7‘*)+m on]
9N
- a—NagsT, (389d)
1
o a; (1 - O‘XTC) (ST +17) T T T T T
- R
25 a{V ll—a‘T/ 0T +azoiy fay
HN
+ — (@ PLUT —af (m")U"), (389¢)
ay
0N vfp aj T (1 - a%) Tr(.T T.T
Tog = a{V 5 _1fa‘T/ P +az [(s" + 1) +m agy]
+ o (2} Pyrb” — a3 m™) (389f)
CL{V 24V 2 )
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and

T31

32

33

T34

Z3s

I36

and

Ts51

T52

Ts53

T54

Ts5

T56

and

where we used the

T61

Z62

Z63

64

Ze5

Ze66

by by N\I/N N
(28N + ) + mNafy, + SN Nall ANP n — ~ m S ngl,(390a)
FF vpp SN AT 0
A A
Tanga{,VV\I/N — (m™MYUN + TmNCE%ANP‘/NUN
Vpp oo
A mMa N\I'N ay
390b
ol N e N N 22 ( )
(sN—I—r )+mNoz% m +LmNoz%ANP A
Vrr
A mNalluN ol
390
ol sV 4 N T2 (390c)
A mNaN N g
— 390d
ol sV e 0N N 2 ( )
AN NN T A mb N‘I’N V
— AYP,rU*" — , 390
oy YT N e N (390¢)
A N N AN T A mN N\I/N av
— AV Pyr0t — 390f
U%‘VFm CUW VT /UgF SN+7"* 9Nx267 ( )
o7 [N (1= afy) oy (1-ap)
1— 055 PrN Y + x5 PLN + oN L21 |, (391a)
0" | ny (87 +77) v, (1-ay)
1—04‘@ —(1—04‘/)97—#% PynU N 22| (391Db)
o) oy ()
1—af DN 3 + 2 Pyn N + N 2|, (391c)
o7 [ T (1 —aT )T 1 N
- _f ( TaW) UEF ( ]\? )$24 , (391d)
1—ay Pk A 0
o7 | st +r 1—aol
1— a€ (1 — ag) ( 9 ) + } PvTUT ( QN V) 1'25] ’ (3916)
o7 | fT(-ah) ks (1-ay)
1= Oég - PrT 3 + x5 PVT9 + oN 9% | , (391f)
L () ok
= (L 4+RT) Vuy, 392
VhF ( A N o ! (3922)
Aok r\ ol
= (L 4+RT) Yus, 392b
Vi ( A " 6T " ( )
A (vp r\ oy
= — | L£+R") FKass, 392
U%F A " > o o (392c)
T | * T A UIZ T a\T/
= (2" +0) +apm” + (T +R") Jrass, (392d)
Fr O\ A
A g 7T YT 4 5‘ Ug \T/
FF Vpp
oL ol
= (sT+7) +apym’ —m" + (—F ) l$56, (392f)
UFF A
fact that f'0/f = — (1 —ay), m'0/m = ay, f = m/0, and set some
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expressions to write the linearized system in a compact form:

Y _<1_ a4TT> (SN—i—r*) <p/]1VN_1>+ aIT(sT+7«*>
1—ay P 1 1—ay P
+ amNad), AV, (393a)
N fN(l—a%)AN ST—{—T*_SN—i-T*
5 PrN P P
N * PAN T *
_ 8 +r 1 s —|—r' (393b)
P N P

Denoting by w,i, the kth element of eigenvector w’ related to eigenvalue v;, the general
solution that characterizes the adjustment toward the new steady-state can be written as
follows: V(t)—V = Z?:l w'D;e"it where V is the vector of state and control variables. Since
the dynamic system comprises two state variables, it must have two negative eigenvalues
for the long-run equilibrium to be saddle-path. We denote by 11 < v5 < 0 the two negative
eigenvalues. Formal solutions read as follows:

LN(t) — LN = Dye”t + Dye”?!, (394a)
OV (t) — 0V = wiDye"'t + wa Dye?t, (394b)
UN(@t) — UN = wiDie! + w2Dye"?, (394c)
LT (t) — LT = wlD et + wiDye?t, (394d)
07 (t) — 07 = wiD1et 4 WEDge™, (394e)
UT(t) — UT = wiDie"t 4 w2 Doe™. (394f)

Using initial conditions, i.e., LV (0) = LY and LT (0) = L, setting ¢t = 0 into (394a) and
(394d) leads to a system of two equations Dy + Dy = —dL" and w} +w} = —dL” that can
be solved for the two arbitrary constants:

dLT — w2dLN

Dy = ——5——"—, (395a)
Wy — Wy
LN —ar”
Dy = A% T (395b)
2 _ 1
Wy —wy

M.4 Formal Solution for the Stock of Foreign Bonds B(t)

Substituting first the short-run static solution (136) for consumption in tradables, and in- B
serting the solution (374) for the relative price of non-tradables, i.e., P(t) = P (LY (t), VN (t),VT(t), A, AN),
the accumulation equation for traded bonds reads as follows:

B(t) =r*B(t)+ ATLT(t) - T (P(.),\) - G”. (396)

Linearizing (396) in the neighborhood of the steady-state and inserting stable solutions
given by (394) yields:

B(t) = 1* (B(t) - B) + Ay Dyt + Ay Dye, (397)
where we set:

A = ATw)—C} [Py + Py (UNwi 4+ 0Nwi) + Pyr (UTwl + 07w§)], (398a)
Ny = ATwi—CF [Ppnv + Pyn (UNw3 4+ 0Nw3) + Pyr (UTw2 +607w3)] . (398b)

Solving the differential equation (397) yields:

eljlt

i N AMD;  ADy | ., AD AsD
B(t):B+{(BO—B>— 1L ey L 272 ot (399)

v, —1r* vy —1r* v, —1r* vy — 1%
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Invoking the transversality condition for traded bonds and inserting (395) leads to the
intertemporal solvency condition:

B — By =oTarL” + oNarL”, (400)
where we set
1 A A
ol = [ e *] (401a)
w4 — U.)4 vy —T vy —rT
1 Ajw? A
oV = 5y [ = ] (401b)
wy—wy \n—r Vo —7T

For the national intertemporal solvency to hold, the term in brackets of eq. (399) must be
zero so that the stable solution for the net foreign asset position reduces to:

B(t) — B = ® Dy + &y Dye"?! (402)

where
Ay Ay
Q1 =—7, @y = <
vy —rT Vo —T

(403)

M.5 Decomposition of Steady-State Changes

Assuming a{,[, = ayp and a{'/ = ay, the steady-state reads as follows:

g; = %Paﬁ, (404a)
L m (% +m™) [_XWE/ S (404b)
LN mN (sT+ mT) [AWE J¢N]TR
PrT _ (1 —ap)v? (404¢)
T T 6T
PrN _ (1 —aw) oV (404q)
PN TG )
YT (14 vp) :CiT‘ (4040)
YN (1—o) —ol) CN
where we set A
Wi, = 1_aWP K67 + R, (405)
and vg = ’;f , U{/ = “;,Kj. Assuming that recruiting costs are non-tradables instead of

tradables modifies eqs. (404c)-(404d), (404e) and (405).

Inserting first (405) into the the total surplus from an additional job, i.e., U == +
r*zJ — W}, and totally differentiating (404c)-(404d) leads to the steady-state rate of change
in the sectoral labor market tightness:

OV =sNaN 4 p [2N — nN] (406a)
07 = xTaT — pxtv, (406b)

where we set:
Y = = -, (407a)

[(1 —ay) W+ Xij:g}
S = = , <\I’j +}ij]%> . (407b)
[(1 —ay) Wi+ xf'WjQ] =
Denoting by

07 =% [ayu! + o], (408a)
0" =3 layu! +orX’], (408Db)
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differentiating (404b) and inserting (406a)-(406b) leads to labor supply:

[ — [avuT + O'LXT] o7 — [aqu + ULXN] N + poy, (XT - XN) ;

ofa’ —e%a" —p[eM + (07— o) +or (¥ —xT)].  (409)

Using the fact that [/ = §7 — a7 differentiating (404a), inserting (409) and solving for the
steady-state change in the relative price of non-tradables leads to:

dln (1-vnx)
(1+0T)al — (1+06N)al N (-l —uT)
[6+ 0N + (0T —0N) +or (XN —xT)]  [6+ON + (07 = ON) +or (XN —xT)]
(410)
Inserting (405) into the Nash bargaining wage, i.e.,.nw/ = aw (27 + r*a?)+(1 — aw) Wi,
differentiating and substituting the steady-state in the labor market tightness (406) leads
to:

p=

o — " =NaN —Qfa" 4+ p [N + (@7 - )], (411)
where we set:
Y 1—ay) W+ IWi
i = S ow (L= av) ¥+ Wy (412a)
wl (1 —ay) Wi+ xiW3,
. 1— WiNIW]

w (1= av) W+ xIWf)

Plugging (410) into (411) and collecting terms leads to the steady-state change in the
relative wage of non-tradables:

] {QT_ CARN L (R84 }

YT 6+ ON + (0T —ON/) + o (XN —x7)]

QN [QN 4 (QT,/ _ QN,/)] (1 + @N) N
i o+ 0N + (0T — 0N + o (XN — xT)] @
[ + (@F — a™)] (1 —onx)
R R Lo e e ey [(1 - Ug)] - (1)

Differentiating the sectoral unemployment rate described by eq. (257) leads to:
du” — du™ = —ay [uT (1= ") 07 = ¥ (1 u™) O] . (414)

Inserting (410) into (406a)-(406b), substituting the outcome into (414), and collecting terms
leads to the unemployment differential between tradables and non-tradables:

¥ (1+67)
A

o {uN (- M) (ZN_2N2 (1+0N)

[uT (1 B UT) T/ N (1 B uN) (EN . EN,/)
- ay

ST (=N - ZN’ (1+e7)

du” — duV = —ay {uT (1—uT) —uv (1—uN)

}

Ty N

A

(1 — UN)()
dln | ——————F—
[(1 —oy —op)

A , (415)

where we set

A=¢+0N+ (07— +o, (xN —xT). (416)
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M.6 Correcting for the Bias

We now compute the bias originating from search frictions varying across sectors which
must be accounted for in order to map theoretical results for the responses to a productivity
differential into elasticities estimated empirically.

Because empirically we consider a productivity differential a” — @V, to make our esti-
mates comparable with our numerical results, we have to adjust the long-run change in the
relative price computed numerically with the following term:

bias p = % [(1+07) - (1+eM)]a. (417)

Subtracting (417) from (410) leads to the 'unbiased’ relative price response to a productivity
differential:
P = p — bias p. (418)

The same logic applies to the relative wage. The long-run reaction of the relative wage
described by (413) must be adjusted with the bias which reads as follows:

o oY+ (@ —a™)] (1+67)] .
bias @ = —{QT— A }aN
+ {QN Ll L _EN’/)] (+67) } Q. (419)

Once the value of @ has been adjusted with, we can map the deviation in percentage of
the relative wage from its initial steady-state derived analytically into the elasticity of the
relative wage, 3, estimated empirically:

W' =& — bias . (420)

The numerical computation of the unemployment rate differential is subject to the same
bias as the relative price and the relative wage. We have to adjust the long-run change in
the relative wage computed numerically with the following term:

. ET,/ 1+@T
bias (duT—duN) - av{uT (1fuT) ET(A)
N _ Ny T
— UN(17UN> (Z ZA)(1+@) }dN
a2V —uN) (146N
+ av{uN(l—uN) EN—( A)( )

— ur (1 —uT)

277 (1+ eN) }&N' (421)

A

The long-run reaction of the unemployment differential between tradables and non tradables
described by (415) must be adjusted with the bias:

(du” — du™) = du” — du™ — bias (du” — du) (422)
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