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Abstract

Motivated by recent evidence pointing at an increasing contribution of asymmetric
shocks across sectors to economic fluctuations, we explore the sectoral composition ef-
fects of technology shocks biased toward the traded sector. Using a panel of seventeen
OECD countries over the period 1970-2013, our VAR evidence reveals that a perma-
nent increase in traded relative to non-traded TFP lowers the traded hours worked
share by shifting labor toward the non-traded sector, and has an expansionary effect
on the labor income share in both sectors. Our quantitative analysis shows that the
open economy version of the neoclassical model can reproduce the reallocation and
redistributive effects we document empirically once we allow for technological change
biased toward labor together with additional specific elements. Calibrating the model
to country-specific data, the model can account for the cross-country dispersion in the
reallocation and redistributive effects we document empirically once we let factor-biased
technological change vary across sectors and between countries. Finally, we document
evidence which supports our hypothesis of factor-biased technological change as we find
empirically that countries where capital-intensive industries contribute more to the in-
crease in traded TFP are those where capital relative to labor efficiency increases.
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1 Introduction

A common feature shared by OECD countries is that technological change takes place at
uneven rates across sectors and generates a change in the sectoral composition of labor and
output which can be amplified in an open economy (see e.g., Swiecki [2017], Kehoe et al.
[2018]). Evidence documented by Alvarez-Cuadrado et al. [2018] also reveals that the real-
location of economic activity across sectors is associated with a secular decline in sectoral
labor income shares (LIS henceforth) in industrialized economies. While the consequences
of sector-specific technological change are now well documented by the structural change
literature, less is known about the reallocation and redistributive effects triggered by an
acceleration in technological change concentrated in traded industries. By using a panel
of seventeen OECD countries over the period 1970-2013, the purpose of this paper is to
document and rationalize a set of evidence on the labor market effects of technology shocks
biased toward the traded sector. We find that the degree of substitutability across goods,
imperfect mobility of labor (IML henceforth), trade openness and factor-biased technolog-
ical change (FBTC henceforth) are key to reproducing quantitatively the decline in the

share of tradables in total hours worked and the responses of LIS we document empirically.

The pioneering work of Gali [1999] has sparked a broad literature investigating the labor
market effects of technology shocks.! Because variations in aggregate TFP can be driven
by movements that are both common across sectors and sector-specific, shocks to aggregate
TFP can be broken down into symmetric and asymmetric technology shocks across sectors.
Using U.S. data, Foerster et al. [2011], Garin et al. [2018] find that decreased volatility
of symmetric shocks and constant volatility of sectoral shocks led to a greater contribution
of asymmetric shocks across sectors in the post-1984 period. Since exporting firms are far
more productive than non-exporting firms, a natural way to allow for asymmetric technology
shocks is to make the distinction between a traded vs. a non-traded sector.

Because asymmetric shocks provide incentives for labor reallocation, we expect fluctua-
tions of relative productivity of tradables and the traded goods-sector share of total hours
worked to be more correlated over the post-1984 period than from 1970 to 1983. To explore
this hypothesis, we plot in Fig. 1(a) the detrended (logged) ratio of traded to non-traded
TFP (displayed by the blue line) and the detrended labor share of tradables (displayed by
the black line) for the United States. The correlation is essentially zero over 1970-1983 and
stands at -0.67 from 1984 to 2013. The United Kingdom for which the great moderation
occurs in the post-1992 period, see Benati [2008], has also experienced a sharp increase in

the correlation between the relative productivity and the labor share of tradables which

!There exists a broad literature investigating the implications of neutral technology shocks, see Ramey
[2016] (section 5) for a review of the literature. We provide a short survey of the literature in Online Appendix
A. While Gali [1999] uses labor productivity, like Chang and Hong [2006], we measure technological change
with TFP.



has doubled, passing from -0.38 from 1970-1992 to -0.76 over the post-1992 period. As
can be seen in Fig. 1(c), the pre-financial crisis period is characterized by an acceleration
in technological change concentrated in traded industries and a fall in the labor share of
tradables while the other way around is true after 2008. Like the U.K, a reallocation of
labor toward the traded sector accompanies the fall in the relative productivity of tradables
in Ireland and Spain in the aftermath of the financial crisis, as can be seen in Fig. 1(d) and
Fig. 1(e). The growing importance of asymmetric technology shocks across sectors and the
subsequent shift of labor between industries is not limited to the aforementioned countries.
For the whole sample shown in Fig. 1(b), the correlation between the relative productivity
and the labor share of tradables is 0.23 over 1973-1992 and stands at -0.58 from 1993 to
2013.

< Please insert Fig. 1 about here >

By adopting the identification scheme of technology shocks proposed by Gali [1999], we
document a set of VAR evidence which confirms the empirical facts we describe above. Our
estimates reveal that the contribution of identified asymmetric technology shocks across
sectors to the forecast error variance of aggregate TFP growth has increased dramatically
over time and stands at about 40% over 1993-2013 while asymmetric technology shocks play
a negligible role during the pre-1993 period. When we estimate the effects of technology
shocks biased toward the traded sector, we find that the relative price of non-tradables
appreciates disproportionately (i.e., more than the productivity differential) and labor shifts
toward non-traded industries. To rationalize the labor reallocation effects that we document
empirically, we put forward a two-sector open economy model with flexible prices. We find
quantitatively that the model can account for the magnitude of the decline in the labor
share of tradables once it contains a combination of three elements: high substitutability

between home- and foreign-produced traded goods, IML and FBTC.

These three specific features are necessary to mitigate the labor reallocation movement
caused by the combined effect of financial openness and a low value for the elasticity between
traded and non-traded consumption goods. The gross complementarity between tradables
and non-tradables, corroborated by existing as well as our own estimates, plays the same role
as in the structural change literature, see e.g., Ngai and Pissarides [2007]. Intuitively, while
both consumption in traded and non-traded goods increase, the biasedness of the technology
shock toward tradables generates an excess supply for traded goods and an excess demand
for non-traded goods. By producing a disproportionate appreciation in the relative price of
non-tradables, the gross complementary between traded and non-traded goods increases the
share of non-tradables in total expenditure which provides incentives for shifting productive
resources toward the non-traded sector, especially labor. Our quantitative analysis reveals

that the model considerably overstates the reallocation of labor across sectors however and



thus the decline in the labor share of tradables. One reason to this is that we consider
an open economy setup where the access to foreign borrowing significantly biases labor

demand toward the non-traded sector.?

To mitigate labor reallocation, we first allow for endogenous TOT. As a result of high
substitutability between home- and foreign-produced traded goods, the decline in the rel-
ative price of home-produced traded goods caused by the excess supply for traded goods
has a positive impact on hiring by traded firms, thus curbing the decline in the labor
share of tradables. The second key element is IML. In line with our evidence indicating
that the labor reallocation process is associated with mobility costs, we allow for limited
substitutability in hours worked across sectors which further hampers labor reallocation.
Even with the two aforementioned ingredients, the model still overstates the shift of labor
toward the non-traded sector and does not replicate well the responses of sectoral hours
worked. The third and pivotal element is FBTC which is recovered from our estimation of

redistributive effects, i.e., the responses of LIS.

Our evidence reveals that the LIS increases in both sectors which implies that tech-
nological change is not Hicks-neutral but rather biased toward labor. Intuitively, when
technological change is Hicks-neutral, the LIS is a function of the capital-labor ratio only.
The gross complementarity between capital and labor in production found in the data (see
e.g., Klump et al. [2007], Herrendorf et al. [2015], Oberfield and Raval [2014], Chirinko
and Mallick [2017]) and corroborated by our own estimates implies that the LIS and the
capital-labor ratio move in the same direction. Because a technology shock biased toward
the traded sector drives capital out of the traded sector while labor is subject to mobility
costs, the capital-labor ratio falls dramatically, thus driving down the traded LIS under the
assumption of Hicks-neutral technological change. Since the non-traded capital-labor ratio
is unresponsive to the shock, this assumption also implies that the non-traded LIS should
remain unchanged, in contradiction with our evidence. To account for the rise in LISs that
we estimate empirically, we assume that capital relative to labor efficiency increases which
in turn biases technological change toward labor within each sector.® By lowering the de-
mand for capital, the model augmented with FBTC captures very well the dynamics of the
sectoral LIS and capital-labor ratios. While the model can account for the redistributive ef-

fects when we allow for sectoral FBTC, the differential in FBTC between sectors increases

2In a closed economy, Ngai and Pissarides [2007] show that the elasticity of substitution between goods
and services must be smaller than one to generate a secular decline in the share of goods in total employment.
An economy which is financially open finds it optimal to borrow abroad following a technology shock. Since
traded goods can be imported while non-traded goods must be produced domestically, access to foreign
borrowing may lead to an increase in the share of consumption expenditure in tradables even if traded and
non-traded goods are gross substitutes.

3Technically, we adapt the methodology by Caselli and Coleman [2006] and make inference about changes
in capital relative to labor efficiency consistent with the demand for factors of production and estimated
redistributive effects; next, we recover capital- and labor-augmenting technological change so that their
underlying process are consistent with the sectoral TFP shock that we estimate empirically by assuming
that firms choose labor and capital efficiency along a technology frontier.



the performance of the model with IML and endogenous TOT in reproducing the labor
reallocation effects we document empirically. Because technological change is more biased
toward labor in the traded than in the non-traded sector, traded firms are encouraged to

hire more workers which mitigates the shift of labor toward the non-traded sector.

When we explore international differences, we find that the substitutability across goods,
labor mobility costs and the differential in FBTC between sectors matter in determining the
sectoral composition effects of technology shocks biased toward tradables. More specifically,
our estimates show that the labor share of tradable falls less in countries where labor
mobility costs are higher and/or technological change is more biased toward labor in the
traded than in the non-traded sector. We also find that the value added share of non-
tradables declines by a smaller amount in countries where the gross complementary between
traded and non-traded goods is higher as the reallocation of productive resources toward

the non-traded sector is amplified.

We also take advantage of the panel data dimension of our dataset to further investi-
gate about the redistributive effects and the relevancy of our assumption of FBTC. When
estimating the redistributive effects at a country level, the responses of the LIS display a
wide cross-country dispersion, i.e., the LIS may fall or rise by a magnitude which varies
considerably between OECD countries. In line with Caselli [2016], we construct time se-
ries for sectoral FBTC and estimate its dynamic adjustment following a technology shock
biased toward tradables. We detect a strong and positive cross-country relationship be-
tween the responses of LIS and FBTC. Once calibrated to country-specific data, numerical
results show that the model can account for international differences in the redistributive
and reallocation effects once we let FBTC vary across countries. First, the model imposing
Hicks-neutral technological change generates a shift of capital across sectors which is not
sufficient on its own to account for the cross-country dispersion in the responses of sectoral
LIS. Second, because the differential in FBTC across sectors influences sectoral labor de-
mand and thus labor reallocation, the model imposing Hicks-neutral technological change
has some difficulty in reproducing the cross-country dispersion in the decline in the labor
share of tradables. Importantly, our assumption of FBTC is supported by the evidence
we document empirically as we find that countries where TFP gains are concentrated in
capital (labor) intensive industries also experience a rise in capital (labor) relative to labor
(capital) efficiency, in line with Acemoglu’s [2003] model assumptions.

Related Literature. Our paper fits into several different literatures as we bring several
different and distinct threads in the existing literature together. First, our setup includes
several key features which have been put forward by the literature investigating the ability
of the neoclassical model to rationalize the response of hours worked to a positive produc-

tivity shock. Like Collard and Dellas [2007], the open economy dimension of our setup



greatly enhances the flexible price model’s ability to account for the labor market effects
of technology shocks through the TOT deterioration. In contrast to the work by Collard
and Dellas where an elasticity of substitution between home- and foreign-produced traded
goods smaller than one is key to generating a decline in total hours worked, we find that
the TOT channel increases the ability of our model to account for the dynamics of sectoral
hours worked once home- and foreign-produced traded goods are gross substitutes, in line
with the international RBC literature, see e.g., Backus et al. [1994].% Like Cantore et
al. [2014], [2017], we put forward FBTC to account for the responses of hours worked to a
technology shock. The authors show that technology shocks biased toward capital allow the
RBC model to generate a negative response of hours worked while we find that technology
shocks are biased toward labor (for the whole sample and the U.S. as well). The reason
for this discrepancy lies in the fact that aggregate technology shocks are a combination of
symmetric and asymmetric technology shocks, the former shock being biased toward capital

and the latter biased toward labor.

The contribution of asymmetric technology shocks across sectors to economic fluctua-
tions has received attention only very recently. Using U.S. data over 1961-2008 and dis-
tinguishing between a consumption and an investment sector, Chen and Wemy [2015] find
that technology shocks biased toward the capital-producing sector explain more than 50%
of TFP fluctuations. In the same vein, our evidence reveals that the contribution of tech-
nology shocks biased toward the traded sector to TFP fluctuations stands at 40% in OECD
countries over 1993-2013. Drawing on the pioneering work by Long and Plosser [1983]
and revitalized later by Horvath [2000], Holly and Petrella [2012] quantify the contribution
of industry specific shocks to aggregate fluctuations by considering input-output linkages.
Differently, we explore the sectoral composition effects driven by a shock to TFP taking
place at uneven rates across sectors and uncover the key role of heterogenous substitutabil-
ity across sectoral goods and FBTC in the same spirit as the structural change literature,
see e.g., Ngai and Pissarides [2007] and Alvarez-Cuadrado et al. [2018], respectively. Our
results also stress the role of imperfect substitutability across sectoral hours worked as re-
allocative shocks generate a shift of labor which is subject to mobility costs, which echo the
findings documented by Garin et al. [2018].

Sectoral reallocation has also received a lot of attention in the open economy literature,
e.g., Benigno and Fornaro [2014], Kehoe and Ruhl [2009], Arrellano et al. [2018]. The
former work finds that large capital inflows episodes have contributed to shifting labor out
of the traded sector while the latter two works show that sudden stops do the opposite.
Similarly to Benigno and Fornaro [2014], financial openness amplifies the incentives to shift

labor toward the non-traded sector. While Arrellano et al. [2018] assume a default risk to

4As shown by Collard and Dellas, low trade elasticities require a significant decline in the TOT that dis-
courage output expansion. As output will not expand much while workers are more productive, employment
declines.



rationalize the shift of labor toward the traded sector during the recent sovereign debt crisis
in Europe, such a labor reallocation is the result of declining TFP in tradables relative to
non-tradables in our model. Our framework is close to the model laid out by Kehoe and
Ruhl’s [2009] who depart from the small open economy setup by assuming that the country
is large enough to influence the price of its export goods and find, like us, that the TOT

play a key role in shaping the labor movement across sectors.

The remainder of the paper is organized as follows. In section 2, we investigate em-
pirically the sectoral composition and redistributive effects of a technology shock biased
toward the traded sector. In section 3, we develop an open economy version of the neo-
classical model with tradables and non-tradables. In section 4, we report the results of our
numerical simulations and assess the ability of the model to account for the evidence on the
reallocation and redistributive effects of a technology shock which increases permanently
traded relative to non-traded TFP. In section 5, we summarize our main results and present
our conclusions. The Online Appendix provides the main steps to solve the model, shows
analytical results from a restricted version of the full model, contains empirical results and

robustness checks.

2 Evidence on the Effects of Technology Shocks Biased to-
ward Tradables

In this section, we document evidence on the reallocation and redistributive effects driven
by a technology shock biased toward the traded sector. Before estimating the sectoral
composition effects, we identify symmetric vs. asymmetric technology shocks and assess
the contribution of the latter to the variance of aggregate TFP growth. We denote below

the percentage deviation from initial steady-state (or the rate of change) with a hat.

2.1 Identification of Asymmetric Technology Shocks

To shed some light on the transmission of technology shocks biased toward the traded sector,
we estimate a structural VAR model in panel format on annual data. Following Gali [1999],
permanent productivity shocks are identified by assuming that technology shocks are the
only source of movements in long-run productivity.> While the bulk of the literature restricts
attention on the effects of aggregate technology shocks on total hours worked, we aim at
exploring the sectoral composition effects caused by asymmetric technology shocks across
sectors. Since exporting firms are far more productive than non-exporting firms, a natural

way to allow for asymmetric technology shocks is to make the distinction between a traded

5In Online Appendix A, we detail the identification strategy and take stock about the potential limits
of our approach. While Christiano, Eichenbaum, and Vigfusson [2004] argue for using per capita hours in
log-levels rather than in growth rates, we follow Gali [1999] in choosing to let all variables enter the VAR
model in growth rates after conducting panel unit root tests which indicate that all time series are integrated
of order one. Results are relegated to Online Appendix G.1.



(indexed by the superscript H) vs. non-traded sector (indexed by the superscript N). In
order to gain further insight about the relationship between our analysis and the literature
pioneered by Gali [1999], it is convenient to write down the sectoral decomposition of the
percentage deviation of aggregate TFP relative to its initial steady-state, denoted by Z{?

(see Online Appendix B):

7

Zit =Mzl (1= v 28 (1)

where subscripts ¢ and ¢ denote the country and the year. Eq. (1) states that the percentage
deviation of aggregate TFP relative to its initial steady-state is equal to the weighted sum
of the percentage deviation of TFP relative to initial steady-state in the traded and the non-
traded sector, denoted by Zg and Zg , respectively, where the weight V;Y’j (with j = H,N)

is the share of sectoral value added in GDP.

According to eq. (1), variations in aggregate TFP, Z{?, can be the result of movements
in TFP which are common across sectors so that shocks are symmetric across sectors.
Changes in aggregate TFP can also be driven by technology shocks which are asymmetric
across sectors so that the shifts in sectoral TFPs take place at uneven rates across sectors.
The shock is reallocative as it modifies relative prices and generates a shift of labor across
sectors. To investigate whether a shock to aggregate TFP is evenly or unevenly distributed
across sectors, we first identify a shock to aggregate TFP, denoted by 5Z-ZtA, by estimating
a VAR model with two lags in panel format (17 OECD countries) on annual data (1970-
2013) that includes aggregate TFP and total hours worked, both in rate of growth.5 To
identify aggregate technology shocks, we impose restrictions on the long-run cumulative
matrix such that only shocks to aggregate TFP increase permanently Z;;‘. In the second
step, we consider a VAR model which includes identified technology shocks, eiZtA, ordered
first, the rate of growth of traded, non-traded and aggregate TFP, and adopt a Cholesky
decomposition. Next, we plot in Fig. 2(a) the responses for Z{f shown in the blue line
and Zi]f shown in the black line following a 1% permanent increase in Z{;‘ in the long-run.
Estimates show that aggregate technology shocks are not evenly distributed since traded

TFP increases significantly more than non-traded TFP.

Above VAR evidence can be mapped into the sectoral decomposition of aggregate TFP

by rearranging eq. (1) as follows:
‘4 A YH (4 .
Zy = Zi];[ +; (Zg - Zg) . (2)

According to our estimates, an aggregate technology shock which raises Z;? by 1% in the
long-run gives rise to an increase in ZZ»]X by 0.8% augmented by a productivity differential

between tradables and non-tradables of 0.4% (weighted by I/iy ) The RHS of eq. (2)

STable 2 provides a list of countries included in the analysis. Data sources and variable definitions are
detailed in the next section.



paves the way for the identification of symmetric and asymmetric technology shocks across
sectors. When the technology shock is symmetric, sectoral and aggregate TFP increases
by the same amount and the last term vanishes. On the contrary, when the shock is

asymmetric, both the ratio Z{f / ZZ»]X and Z{? are permanently increased.

To identify symmetric and asymmetric technology shocks, we consider a VAR model

which includes the ratio of traded to non-traded TFP, ZH /Z¥  aggregate TFP, Z4

4, and
hours worked, L;, all variables entering the VAR model in growth rates. We impose
long-run restrictions such that both symmetric and asymmetric technology shocks increase
permanently Z# (see the black line in Fig. 2(b) and Fig. 2(c)) while only asymmetric
technology shocks increase permanently Z{f /ZZ]X in the long-run (see the blue line in Fig.
2(b) and Fig. 2(c)). Once we have identified symmetric and asymmetric technology shocks
across sectors, we can gauge their contribution to aggregate TFP growth by computing
a forecast error variance decomposition (FEVD). To explore whether the contribution of
shocks to ZH /Z N has changed over time, we estimate the VAR model over two sub-periods,
ie., 1970-1992 and 1993-2013, respectively. Columns 1, 4, 7 of Table 1 report the share of
the forecast error variance of aggregate TFP growth attributable to the shock to the ratio
of sectoral TFP, Zg /ZZJX , over the whole period and over two sub-periods. As shown in

column 4, the contribution of shocks to Zilf /Zg is negligible over 1970-1992 and stands at
about 40% over 1993-2013 (see column 7).

< Please insert Fig. 2 and Table 1 about here >

Whilst we explore empirically the effects of a technology shock which increases perma-
nently traded relative to non-traded TFP, we augment the productivity differential with
weights in order to get a reference point. The reason is that a model with no frictions
and exogenous TOT predicts an appreciation in the relative price of non-tradables by 1%
following a weighted productivity differential of 1% and any departure from this equality re-
veals the presence of frictions and/or endogenous TOT. In line with the literature pioneered
by Balassa [1964] and Samuelson [1964], we construct a weighted productivity differential

index between tradables and non-tradables (see Online Appendix H.9):

5 5 H 5N
Zit = a;Zy —biZy, (3)
H77— H
where a = |(1—ay) +« J%] , and b = az—JLV are country-specific and time-invariant
L L

weights which are functions of the LIS in sector j, si, and the tradable share in total invest-
ment expenditure, «y, both averaged over 1970-2013. In the rest of the paper, for simplicity
purposes, we refer to Z = (ZH)?/(ZN)? as the ratio of traded to non-traded TFP. To iden-
tify technology shocks biased toward the traded sector, we consider a vector X’it = [Zit, \A/Zt]
where Zit and V;t denote the TFP growth differential and variables of interest detailed
later, respectively. Omitting both country and time fixed effects for expositional conve-

nience, the structural moving average representation reads X;; = A(L)eir = ZZ‘;O Argit_k
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where ;; = [¢Z,¢};] is the vector of structural shocks. To identify £%, we use the restriction
that the unit root in the ratio of sectoral TFP originates exclusively from technology shocks
biased toward the traded sector which implies that the upper triangular elements of the
long-run cumulative matrix A(1) must be zero. Denoting the vector of reduced-form inno-
vations by 7;; with a variance-covariance matrix given by 3, we estimate the reduced form
of the VAR model B (L)_IX,-t = 1 by panel OLS regression with country and time fixed
effects. The matrices B and ¥ are assumed to be invariant across time and countries and
all VARs have two lags. The structural shocks can be recovered from e; = A(1)~1B(1)n;
where the matrix A(1) is computed as the Cholesky decomposition of B(1)XB(1)".

2.2 Data Construction

Before presenting the VAR model specification, we briefly discuss the dataset we use. Our
sample contains annual observations and consists of a panel of 17 OECD countries. The
baseline period is running from 1970 to 2013. Table 2 provides a list of countries and data
sources while more details can be found in Online Appendix D. We use the EU KLEMS
[2011], [2017] and OECD STAN [2011], [2017] databases which provide domestic currency
series of value added in current and constant prices, labor compensation and hours worked

at an industry level. All quantities are scaled by the working age population.
< Please insert Table 2 about here >

Since our primary objective is to investigate the sectoral composition effects, we describe
below how we construct time series at a sectoral level. Our sample covers eleven 1-digit
ISIC-rev.3 industries which are split into traded and non-traded sectors by adopting the
classification by De Gregorio et al. [1994]. Agriculture, hunting, forestry and fishing; Mining
and quarrying; Total manufacturing; Transport, storage and communication are classified
as traded industries. Following Jensen and Kletzer [2006], we updated the classification
by De Gregorio et al. [1994] by treating Financial intermediation as a traded industry.
Electricity, gas and water supply; Construction; Wholesale and retail trade; Hotels and
restaurants; Real estate, renting and business services; Community, social and personal

services are classified as non-traded industries.”

Once industries have been classified as traded or non-traded, series for sectoral value
added in current (constant) prices are constructed by adding value added in current (con-
stant) prices for all sub-industries k in sector j = H, N, i.e., Pfthg => Pg7itY,g7it (R&Yé =
>k P,i itij’ ;+ Where the bar indicates that prices PJ are those of the base year), from which

we construct price indices (or sectoral value added deflators), Pft Normalizing base year

"Because ”Financial Intermediation” and "Real Estate, Renting and Business Services” are made up of
sub-sectors which display a high heterogeneity in terms of tradability and ”Hotels and Restaurants” has
experienced a large increase in tradability over the last fifty years, we perform a sensitivity analysis with
respect to the classification for the three aforementioned sectors in Online Appendix G.3. Treating ”Financial
Intermediation” as non-tradables or classifying ”Hotels and Restaurants” or ”"Real Estate, Renting and
Business Services” as tradables does not affect our main results.



price indices P7 to 1, the relative price of non-tradables, Py, is defined as the ratio of the
non-traded value added deflator to the traded value added deflator (i.e., Py = Py /PH).
The relative price of home-produced traded goods (or the TOT, denoted by Pf ) is con-
structed as the ratio of the traded value added deflator (PH) to the price deflator of imported
goods and services (sz ). The same logic applies to constructing series for hours worked
(L =3, Liﬁ) and labor compensation in the traded and the non-traded sectors which
allow us to construct sectoral wages, Wft As shall be useful later, total labor compensation
is the sum of labor compensation across sectors, i.e., Wy Ly = > y Wi{;Lgt where W and L
are the aggregate nominal wage and total hours worked, respectively. We also construct
hours worked and valued added shares of sector j (at constant prices), denoted by Vﬁ’j and
I/Z’j 8 Finally, as will be useful when estimating the redistributive effects, we calculate the
LIS for each sector j, denoted by si,it, as the ratio of labor compensation to valued added

at current prices in sector j.

Like Chang and Hong [2006], we use sectoral TFPs, Z7, to approximate technical change.
Sectoral TFPs are constructed as Solow residuals from constant-price (domestic currency)

series of value added, Yé, capital stock, K7, and hours worked, thzg

it

Zh =Y - st - (1-5)) K, (4)
where SJLZ- is the LIS in sector j averaged over the period 1970-2013. To obtain series for
sectoral capital stock, we first compute the overall capital stock by adopting the perpetual
inventory approach, using constant-price investment series taken from the OECD’s Annual
National Accounts. Following Garofalo and Yamarik [2002], we split the gross capital stock
into traded and non-traded industries by using sectoral valued added shares. Once we

have a measure for technological change for the traded and the non-traded sector, we can

construct the productivity differential index as defined in eq. (3).
2.3 VAR Specification

In order to explore empirically the sectoral composition effects of asymmetric technology
shocks across sectors, we consider three specifications. The choice of variables is motivated
in part by the variables discussed in the quantitative analysis. All variables enter the VAR

model in growth rate (denoted by a hat).

Estimation of sectoral composition effects. To investigate the sectoral composition

effects of a technology shock, we consider a VAR model that includes (in rate of change)

8We consider an open economy which produces a traded and a non-traded good while the foreign good
is the numeraire and its price is normalized to 1. Real GDP, Yr(t), is equal to the sum of traded and
non-traded value added at constant prices, i.c., Yr(t) = PFYH(t) + PYY™ (t) where prices at the initial
steady-state are those at the base year so that real GDP collapses to nominal GDP, Y, initially; henceforth,
the value added share at current prices also collapses to the value added share at constant prices initially.

“Basu, Fernald and Kimball [2006] adjust the annual Solow residual with factor utilization. Correcting
for unobserved input utilization can avoid understate TFP changes when technology improves because
utilization falls. Since we focus on the ratio of sectoral TFP, not adjusting sectoral TFP time series for
factor utilization should not pose a problem.
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value added at constant prices in sector j, }A’ft, hours worked in sector j, L},, and the real
consumption wage in sector j, ngzt where Wg)lt is defined as the sectoral nominal wage
let divided by the consumption price index Pc ;. Our vector of endogenous variables, is
given by: xiy = [ZAzt,?;g ,I:gt, Wélt} with j = H, N, where Zi is the productivity growth
differential (3). To insure a clear mapping between the responses of sectoral hours worked,
I:gt, and the response of total hours worked, Ly, we multiply I:ﬁt by the labor compensation
share of the corresponding sector since in an economy where labor is imperfectly mobile
across sectors, we have ﬁit = LZIAJg +(1—ar,) ﬁg where «ay,; is the labor compensation
share of tradables % averaged over 1970-2013. The same logic applies to real GDP,

it

denoted by Yg, ie., YR7it = VIYH}A’Z{{ + (1 — V~Y’H) Y;é\], except that the weight is the

i
sectoral value added share (averaged over 1970-2013).

Estimation of reallocation effects. To estimate the magnitude of the reallocation
effects caused by an asymmetric technology shock, we consider a VAR model where we
divide quantities and wages of sector j = H, N by their aggregate counterpart (in rate of
change): ng’j = [Zit, 1721 — ?}t, I:gt — Jiit, Wft — Wzt} Since the sum of labor flows between
sectors cancel out when the percentage change in the labor share is multiplied by the labor
compensation share, i.e., > j ai}i . (i}zt - f)zt) = 0, we perform this scaling to express the
response of the labor share to the shock to a productivity differential, dl/{;’j , in total hours

worked units:

dyilt”j = a]L,i . (ﬁzt - [A/Zt> N j = N, H. (5)

Eq. (5) captures the change in sectoral hours worked if total hours worked remained fixed
and thus captures the change in Lgt driven by labor reallocation only. The same logic
applies to the construction of the response of the value added share at constant prices of
sector j which reads as follows: du?t/’j = l/iY &) (ffﬂf — ?R7it> (with j = H,N); du}t/’j captures
the change in sectoral value added (in GDP units) driven by the reallocation of productive
resources. As shall be useful later, we derive below an expression of the change in the
value added share of tradables which shows that dui}t/’H can be brought about by a high
productivity growth in this sector relative to average, and /or a labor inflow, and/or a capital

inflow (see Online Appendix C):
dZ/Z-Yt’H = VZ-Y’H [(ZAZ? — Z{?) + (ﬁg — lA/lt) + (1 - Sgl) (l%j;’ — i@'zt>:| , (6)

where Z4 is aggregate TFP growth (see eq. (2)), k" = K /LM stands for the traded
capital-labor ratio and k = K/L is the aggregate capital-labor ratio.

Transmission mechanism. To shed some light on the transmission mechanism of
asymmetric technology shocks, we also investigate the relative price effects; we consider
the following VAR model: xﬁ = Zit, }A’f — ffl{,\[ , R-t since changes in relative prices are

associated with changes in the ratio of sectoral quantities. When investigating the response
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of the TOT to a technology shock, we replace P with ]55 in the VAR model.'®

2.4 Sectoral Composition Effects: VAR Evidence

We generated impulse response functions which summarize the responses of variables to a
1% permanent increase in traded relative to non-traded TFP (see eq. (3)). Fig. 3 displays
the estimated effects of a technology shock. The horizontal axis measures time after the
shock in years and the vertical axis measures percentage deviations from trend. In each case,
the solid line represents the point estimate, while the shaded area indicates 90% confidence
bounds obtained by bootstrap sampling. Point estimates are shown in Table 3 on impact
(i.e., t = 0), and in the long-run (i.e., at a 10-year horizon).

Adjustment of sectoral TFP. As displayed by the solid blue line in Fig. 3(a), the
relative productivity of tradables rises by 0.9% on impact and increases gradually to reach
1% after 10 years. As reported in panel A of Table 3, while TFP of tradables increases
by 0.72%, its rise is not large enough to raise Z by 0.9% on impact and thus TFP of non-
tradables must decline by 0.17%. Fig. 3(e) shows that traded TFP grows over time while

Z"N remains fairly constant.!!

Sectoral composition effects. The second and third column of Fig. 3 show the
output and labor distributional effects of a 1% permanent increase in TFP in tradables
relative to non-tradables. As reported in panel B of Table 3, the asymmetric technology
shock gives rise to an increase in traded value added by 0.24% of GDP on impact whilst
non-traded value added is virtually unchanged. While Fig. 3(b) shows that Y is growing
over time, as can be seen in the solid blue line of Fig. 3(f), the rise in the value added share
of tradables (i.e., v¥"17) stabilizes at 0.14% of GDP after two years, thus indicating that the
discrepancy in sectoral value added responses between sectors remains constant over time.

Y:H g less than if capital and labor were immobile across sectors since

However, the rise in v
productive resources, especially labor, shifts toward the non-traded sector. As displayed in
the third column of Fig. 3, non-traded hours worked rise by 0.1% of total hours worked on
impact and by 0.15% in the long-run while hours worked do not respond at any horizon in

the traded sector (see panel B of Table 3). As can be seen in the dashed blue line in Fig.

10Because we consider alternative VAR models, one might be concerned by the fact that identified tech-
nology shocks display substantial differences across VAR specifications. To address this issue, we ran a
number of robustness checks by augmenting each VAR model with the same identified technology shock,
ordered first. In the quantitative analysis, we take the VAR model which includes the relative produc-
tivity of tradables, Z;;, real GDP, Yr i, total hours worked, L;;, the real consumption wage, Wc¢ i, i.e.,
xf; = [Zit, YR,“, f/iz, WC,“} as our benchmark model to calibrate the technology shock. Augmenting each
VAR model with the technology shock identified for this benchmark specification, we find that the responses
lie within the confidence bounds and thus differences are not statistically significant. Results can be found
in Online Appendix G.6.

1 To determine the responses of Z7, we adopt a two-step method. In the first step, we estimate the baseline

VAR model, i.e., zi} = [ZA“, Yie, Lie, Wc,it] , to identify the technology shock biased toward the traded sector

denoted by €Z. In the second step, we estimate a VAR model which includes ide}ntiﬁAed technology shock
ordered first, sectoral TFP and the relative TFP of tradables, i.e., xZZt = [sizt,fo., zZ¥, Zi]. See Online
Appendix E.3 for further details.
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3(f), labor shifts away from the traded sector as the labor share of tradables, v declines

by 0.05% of total hours worked in the long-run.

Incentives for labor reallocation. The evidence documented in the last column of
Fig. 3 enables us to shed some light on the transmission mechanism. As displayed by the
black line in Fig. 3(d), a shock to the productivity differential generates an excess demand
for non-traded goods which appreciates the relative price of non-tradables by 0.99% (see
panel C of Table 3). Because the magnitude of the appreciation in the relative price is
larger than the productivity differential we estimate on impact (i.e., 0.90%), the share of

non-tradables increases which has an expansionary effect on hiring in the non-traded sector.

Our VAR evidence in Fig. 3 are in line with the class of neoclassical models where
productivity gains vary across sectors and the elasticity of substitution between consump-
tion goods is smaller than one. Intuitively, the low substitutability between traded and
non-traded goods allows non-traded firms to set higher prices which more than offsets their
productivity disadvantage. The more than proportional appreciation in the relative price of
non-tradables generates a shift of productive resources toward the non-traded sector which
mitigates the rise in the value added share of tradables (and the decline in the value added

share of non-tradables).

Factors hampering labor reallocation. As displayed by the blue line in Fig. 3(d), a
1% permanent increase in TFP of tradables relative to non-tradables leads to a significant
deterioration in the TOT which fall by more than 0.4% (see panel C of Table 3). By making
home-produced traded goods cheaper, lower prices have a positive effect on hiring in the
traded sector because home- and foreign-produced traded goods are highly substitutable as
evidence suggests, see Bajzik et al. [2019]. Through this channel, the TOT deterioration
hampers the outflow of workers experienced by the traded sector. Fig. 3(h) reveals that
the shift of labor toward the non-traded sector is further mitigated by the presence of labor
mobility costs. Such mobility costs give rise to a positive wage differential for non-tradables
by 0.06% in the long-run (see panel D of Table 3), as displayed by the black line, and a fall
in the relative wage of tradables by 0.12%, as shown by the blue line.

Labor mobility costs and substitutability across goods: A cross-country anal-
ysis. To gauge the role of labor mobility costs in determining the extent of the shifts of labor
across sectors, we take advantage of the panel data dimension of our sample and estimate
the same VAR model, i.e., zf 7 which includes the sectoral shares and the wage differential,
but for one country at a time. We expect countries with a higher degree of labor mobility to
experience a greater decline in the labor share of tradables.'? To explore the cross-country

relationship between changes in the labor share of tradables and the magnitude of workers’

2Because estimates of the elasticity between home- and foreign-produced traded goods are not available
for all countries of our sample, we cannot plot the responses of sectoral labor shares against this parameter
as we do for the degree of labor mobility.
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costs of switching sectors, we need a measure of the degree of labor mobility. In the lines
of Horvath [2000], we estimate the elasticity of labor supply across sectors for each country
1 denoted by ¢; by running a regression in panel format on annual data of the percentage
change in the labor share of sector j on the percentage change in the relative share of value
added paid to workers in sector j; see Online Appendix F.3 for further details about the
derivation of the testable equation and the empirical strategy. While country fixed effects
included in the regression capture psychological and geographical mobility costs which are
assumed to be the same for all periods, the elasticity of labor supply across sectors, ¢;,
captures the utility loss caused by sector-specific human capital which may not be perfectly
transferable across sectors (see e.g., Lee and Wolpin [2006], Dix-Carneiro [2014]). Higher
values of € imply that workers experience lower labor mobility costs. In the first column
of Fig. 4, we plot impact responses of the labor share of tradables to a 1% permanent
increase in the relative productivity of tradables on the vertical axis against our measure
of the degree of labor mobility, €;, on the horizontal axis. In line with our hypothesis, Fig.
4(a) shows that the labor share of tradables declines more in countries where labor mobility
costs are lower (i.e., € takes higher values).

As demonstrated by Ngai and Pissarides [2007], a low elasticity of substitution between
traded and non-traded goods leads to a shift of productive resources to sectors with low
TFP growth which in turn mitigates the decline in their value added share. Because less
productive resources shift toward the non-traded sector as the elasticity of substitution
between traded and non-traded goods, ¢, takes higher values, we should observe a larger
decline in the value added share of non-tradables in countries where the substitutability
between the two goods is higher. In the second column of Fig. 4, we plot impact responses
of the value added share of non-tradables against the elasticity of substitution between
traded and non-traded goods, ¢;, we estimate empirically for each country; see Online
Appendix F.2 for further details about the empirical strategy to estimate ¢;. In accordance
with Ngai and Pissarides model’s predictions, the trend line reveals that the value added

share of non-tradables declines more in countries where ¢ is higher.
< Please insert Fig. 3-5 about here >

< Please insert Table 3 about here >

2.5 Redistributive Effects: VAR Evidence

While so far our VAR evidence reveals that labor moves toward the non-traded sector fol-
lowing a technology shock biased toward the traded sector, we now analyze its implications

for capital reallocation along with LIS.'® To explore empirically the redistributive effects,

B3We compute the LIS like Gollin [2002], i.e., labor compensation is defined as the sum of compensation
of employees plus compensation of self-employed. Since there exists alternative ways in constructing labor
compensation, we have conducted a robustness check. We find that our results are not affected by the
alternative definitions of the LIS, see Online Appendix G.5.

14



we consider a VAR specification, :EiLtIS’j = [Zit, ‘%,z‘tv l;:f ], which includes the LIS, denoted
by si, and the capital-labor ratio, ¥/ = K7/L/, both in rate of growth.

Capital reallocation and LIS. The first and second column of Fig. 5 shows the
dynamic responses of capital-labor ratios and LIS, respectively, while panel E of Table 3
displays point estimates on impact and the long-run. The last term of the decomposition
described by eq. (6) indicates that the change in the value added share is driven by the
change in capital intensity relative to average which collapses to (1 — ap) (l%H — kN > when
LIS are symmetric across sectors.'* When EH— kN is negative, the traded sector experiences
a capital outflow. Our VAR evidence reveals that k¥ falls significantly by 0.08% of the
aggregate capital stock while £V is almost unaffected because the rise in non-traded hours
worked offsets the capital inflow.'> If production functions were Cobb-Douglas, the shift of
capital would have no impact on sectoral LISs. However, as displayed in the second column
of Fig. 5, the LIS increases in both sectors. More precisely, as reported in panel E of Table
3, sg increases by more than 0.09% of traded value added on impact while sg increases
gradually up to 0.07% of non-traded value added in the long-run. This finding suggests
that sectoral goods are produced from CES production functions which is corroborated by
our estimates discussed below indicating that the elasticity of substitution between capital

and labor in production is smaller than one.

FBTC hypothesis. The positive and significant response of the LIS in the traded
sector together with the fall in & calls into question the assumption of Hicks-neutral
technological change (HNTC henceforth). The reason is that when capital and labor are
gross complements in production, as our evidence and those documented by the existing
literature on the subject suggests, see e.g., Klump et al. [2007], Herrendorf et al. [2015],
Oberfield and Raval [2014], Chirinko and Mallick [2017], the decline in k! drives down s¥
in contradiction with our empirical findings. A natural candidate to reconcile theory with
our evidence is FBTC. When capital and labor are gross complements, an increase in capital
relative to labor efficiency biases technological change toward labor which raises the LIS.
To test this hypothesis, we first construct time series for FBTC by drawing on Caselli and
Coleman [2006] and Caselli [2016]. Assuming that production functions display constant
returns to scale and using the fact that factors are paid their marginal product, the ratio of
labor to capital income share for country ¢ at time ¢, denoted by Sft = S]L’“ , is equal to

—
1=s7 it

' Assuming perfect mobility of capital, KY - K collapses to (1 — ax

)
Since L — L = (1—ayz) (ﬁH—ﬁN>, we have k! —k ~ (1 —ayz) (l%

assumption holds when s¥ ~ s¥.

5Due to limited data availability, in the line of Garofalo and Yamarik [2002], we split the aggregate capital
stock into tradables and non-tradables in accordance with their value added share. In Online Appendix G.7,
we estimate the same VAR model by using databases which provide disaggregated capital stock data (at
constant prices) at the 1-digit ISIC-rev.3 level for nine countries of our sample over the entire period 1970-
2013. The Garofalo and Yamarik’s [2002] methodology we adopt in this paper gives very similar results to
those obtained when using disaggregated capital stock data.

(RH —RN> where axg = KH/K.
H

—I%N) if ar, ~ ax. The latter
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Y/ L,
Yi/ K},
this equality and denoting the elasticity of substitution between capital and labor in sector

the ratio of the elasticity of output w.r.t. input, i.e., S = . Totally differentiating

j by o7, leads to an expression which enables us to make inference of FBTC:'6

- o\
FBTC), = &7, — (1 - U].) i, (7)

i

An increase in FBTC/ means that technological change is biased toward labor. As shall be
clear later in section 3.2, FBTC{lt is a function of ¢/ and factor-augmenting technological
change. When o/ < 1, the rise in FBTCgt is driven by an increase in capital relative to

labor efficiency.

To get estimates of 07 at a sectoral level, following Antras [2004], we run the regression
of logged real value added per hours worked (per unit of capital) on the logged real wage
(real capital cost) in this sector with country-specific linear trends over 1970-2013. Since all
variables display unit root process, we use the fully modified OLS (FMOLS) procedure for
cointegrated panel proposed by Pedroni [2000] to estimate the cointegrating relationship.
Columns 17 and 18 of Table 4 report estimates for o and oV we use to recover FBTC from
(7). FMOLS estimated values for the whole sample, i.e., ¢/ = 0.687 and ¥ = 0.716, reveal
that capital and labor are gross complements in both sectors. Turning to estimates at a
country level, in three cases, we obtain inconsistent (i.e., negative values) or not statistically
significant estimates for o7 when considering the demand of labor and we replace them with
those obtained from the demand of capital.'” Once we have values for o7, we plug time
series for k/ and si into the RHS of eq. (7) to recover time series for FBTC in sector
j. Next, we estimate a simple VAR model that includes the productivity differential, Zit,
and FBTC{t. The third column of Fig. 5 shows the responses of FBTC following a 1%
permanent increase in the relative productivity of tradables. Our estimates reveal that
FBTC recovered from (7) increases significantly in the traded sector and thus technological
change is biased toward labor which is consistent with the rise in sf we estimate empirically.
While technological change is also biased toward labor in the non-traded sector, the rise in
FBTCY is not statistically significant. For both sectors, point estimates are associated with
wide confidence bounds which may suggest that the direction of FBTC varies substantially
across countries, thus explaining why FBTC does not increase significantly in the non-

traded sector. We explore this assumption below.

Cross-country redistributive effects and FBTC. To investigate whether FBTC

o
. A . E .
%Since SJ, can be rewritten as -
— 8 .
L,

and thus the rate of growth of the ratio of the labor to capital

income share is proportional to the percentage change in the LIS, 31(15)7 we refer interchangeably to the LIS
or the ratio of factor income share as long as it does not cause confusion.

"Online Appendix E.5 provides more details about our empirical strategy to estimate ¢?. While the bulk
of the FMOLS estimated coefficients are positive and statistically significant, the estimated value of o™ is
negative for Ireland while estimates of o are not statistically significant for Italy and Sweden. As in Antras
[2004], we alternatively run the regression of the ratio of value added to capital stock at constant prices on
the real capital cost R/ P7 in sector j and replace inconsistent estimates for o7 obtained from labor demand
with those obtained from the demand of capital.
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varies across countries, we re-estimate the VAR model, i.e., [Zt, FBTC{}, for one country
at a time and plot impact responses of sectoral LIS on the vertical axis against estimated
responses of FBTC on the horizontal axis in the last column of Fig.5.'® Evidence reveals
that the responses of sectoral LISs for the whole sample mask a wide cross-country dis-
persion as the share of value added paid to workers rises only in a subset of countries and
the magnitude of the change varies considerably between OECD economies. Importantly,
we detect a strong and positive cross-country relationship between the change in the LIS
and FBTC in both sectors. Focusing first on the traded sector, countries which lie in the
north-east of the scatter-plot such as Australia, Canada, Norway, Netherlands, and the U.S.
where the LIS increases also experience technological change biased toward labor. Since
all of these countries display an elasticity o/ smaller than one, capital relative to labor
efficiency increases. Conversely, in countries such as Belgium, Denmark, France, Japan,
Ireland which lie in the south-west part of the scatter-plot, the decline in the LIS is asso-
ciated with technological change biased toward capital. Except for Japan where ol > 1,
labor relative to capital efficiency increases in the aforementioned countries. Turning to
the non-traded sector, technological change is biased toward labor in Australia, Denmark,
Germany, and the U.S. which generates an increase in the LIS as a result of a rise in capital
to labor efficiency, except in Denmark where capital and labor are substitutes. Conversely,
technological change is biased toward capital in Austria, Belgium, France, Italy, and the
U.K. which has a negative impact on the LIS. In conclusion, asymmetric technology shocks
are not associated with HNTC but rather FBTC since capital and labor efficiency increase

at uneven rates.

Within and Between Sector Decomposition of LIS. Because both sectors are
made up of several industries, the LIS of the broad sector can be affected by changes in the
LIS within sub-sectors (keeping the value added share of each sub-sector fixed) and changes
in the value added share of those sub-sectors (keeping the LIS of each sub-sector fixed).
Because we put forward FBTC at the forefront, we implicitly assume that the response of
the LIS to the shock to a productivity differential is mostly driven by the within-effect. To
explore empirically our assumption, let us write out the within-between decomposition of
the percentage deviation of the LIS relative to its initial steady-state for sector j across

industries k (see Online Appendix G.4):

ot _ ~k.j ok.J =k.j ~k.J
57 = E a8y + a7 (8)
k k

Within Effect Between Effect

where a7 refers to the labor compensation share averaged over 1970-2013 and wf 7 is the

share of value added of sub-sector k£ in the value added of sector j at current prices. We

18In Online Appendix M.2, we plot long-run responses of S? against long-run responses of FBTC? and
detect a strong positive cross-country relationship.
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estimate the same VAR model as above for one country at a time, i..e., [Zt, LISJbJ, l%i | where
LISJb,t is now constructed in accordance with the first term of eq. (8) when D = Within
or alternatively the second term when D = Between. Next, we calculate the contribution
of the within-component to the response of the LIS of the broad sector for each country
and find that on average, 2/3 (80%) of the impact response of the LIS in tradables (non-
tradables) can be attributed to the within-effect. Henceforth, the response of the LIS of
the broad sector is primarily driven by the responses of LISs within sub-sectors and thus

results from FBTC.

Cross-country labor reallocation effects and differential in FBTC across sec-
tors. While the last column of Fig. 5 shows that FBTC varies greatly across countries,
Fig. 4(c) also reveals that the differential in FBTC between tradables and non-tradables
displays a significant cross-country dispersion. We expect the differential in FBTC across
sectors to influence labor reallocation as FBTC impinges on sectoral labor demand. Indeed,
in Fig. 4(c), we detect a positive cross-country relationship indicating that the response
of the labor share of tradables to a shock to the relative productivity of tradables (ver-
tical axis) is increasing in the differential in FBTC between tradables and non-tradables
(horizontal axis). Intuitively, when technological change is more biased toward labor in
tradables than in non-tradables, it has an expansionary effect on hiring by traded firms
which mitigates the fall in the labor share of tradables and may increase it like in Canada.
Conversely, in Denmark and Germany, technological change is more biased toward labor in
non-tradables which amplifies the decline in the labor share of tradables. As we shall see
it when discussing numerical results, the assumption of FBTC increases the ability of our

model to account for the labor reallocation effects we document empirically.

3 A Semi-Small Open Economy Model with Tradables and
Non-Tradables

We consider a semi-small open economy that is populated by a constant number of identical
households and firms that have perfect foresight and live forever. The country is assumed
to be semi-small in the sense that it is price-taker in international capital markets, and
thus faces a given world interest rate, r*, but is large enough on world good markets to
influence the price of its export goods. The open economy produces a traded good which
can be exported, consumed or invested and imports consumption and investment goods.
Besides the home-produced traded good, denoted by the superscript H, a non-traded sector
produces a good, denoted by the superscript N, for domestic absorption only. The foreign

good is chosen as the numeraire. Time is continuous and indexed by ¢.
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3.1 Households

At each instant the representative household consumes traded and non-traded goods de-

noted by CT and CV, respectively, which are aggregated by means of a CES function:

¢
=1 | ¢p—1

RN (o210 il K (9)

1

C(t) = |p* (CT(1))
where 0 < ¢ < 1 is the weight of the traded good in the overall consumption bundle and ¢
corresponds to the elasticity of substitution between traded goods and non-traded goods.
The traded consumption index C” is defined as a CES aggregator of home-produced traded
goods, C | and foreign-produced traded goods, C*":

1 p-1 1 p=17 757
Ch= (") (") + (=) (C) 7 |, (10)
where 0 < ¢ < 1 is the weight of the home-produced traded good and p corresponds to

the elasticity of substitution between home- and foreign-produced traded goods.

The consumption-based price index Pg is a function of traded and non-traded prices:

Pelt) = [0 (P0) 7+ (1 = ) (P¥ () ] 7 (11)

where the price index for traded goods is a function of the TOT, PH:

1

PT(t) = o™ (P(1) 7 + (1= )] (12)

The representative household supplies labor to the traded and non-traded sectors de-
noted by L and LY, respectively. To rationalize the sectoral wage differential which
accompanies an asymmetric technology shock across sectors, we assume that workers ex-
perience a utility loss when shifting hours worked from one sector to another. More specif-
ically, in the lines of Horvath [2000], we consider that hours worked in the traded and the

non-traded sectors are imperfect substitutes and aggregated by means of a CES function:

L(t) = |07 (K1 0) F + (1= 0) 7 (V@) | (13)
where 0 < ¥ < 1 parametrizes the weight attached to the supply of hours worked in the
traded sector and € is the elasticity of substitution between sectoral hours worked. The
advantage of our modelling of IML is twofold. First, the formulation (13) lends itself easily
to the estimation of the deep parameter € for each country of our sample and thus serves
our purpose which is to assess quantitatively the ability of the model to account for our
evidence. Second, the case of perfect mobility of labor (PML henceforth) is nested under
the assumption that e tends towards infinity which makes our results directly comparable
with those obtained in the special case where workers no longer experience switching costs.

The aggregate wage index W (.) associated with the above defined labor index (13) is:
1
e+1 e+1] ¢
W(t) = [79 (WH®) T + (1 —0) (W) } ) (14)
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where WH (t) and whN (t) are wages paid in the traded and the non-traded sectors, respec-
tively.

The representative agent is endowed with one unit of time, supplies a fraction L(t) as
labor, and consumes the remainder [(t) = 1 — L(¢) as leisure. At any instant of time,
households derive utility from their consumption and experience disutility from working.
Assuming that the felicity function is additively separable in consumption and labor, the

representative household maximizes the following objective function:

o 17% 1 i
U :/ {C(t) . L(t) i }e_ﬁtdt, (15)
0

I i
1-— o 1+
where ( is the discount rate, oo > 0 the intertemporal elasticity of substitution for con-

sumption, and o, > 0 is the Frisch elasticity of (aggregate) labor supply.

Factor income is derived by supplying labor L(t) at a wage rate W (t), and capital K (t)
at a rental rate R(t). In addition, households accumulate internationally traded bonds,
N(t), that yield net interest rate earnings of r*N(¢). Households’ flow budget constraint
states that real disposable income (on the RHS of the equation below) can be saved by

accumulating traded bonds, consumed, PoC, or invested, P;J:

N(t)+ Po(t)C(t) + Py(t)J(t) = r*N(t) + R(t)K(t) + W(t)L(t), (16)

where Pj is the investment price index defined below and J is total investment.

The investment good is (costlessly) produced using inputs of the traded good and the
non-traded good according to a constant-returns-to-scale function which is assumed to take

a CES form:
= o1 1 o150k
J(t)= ey’ (JT@) 27 + (L =) (JN() : (17)
where 0 < ¢ < 1 is the weight of the investment traded input and ¢; corresponds to
the elasticity of substitution between investment traded goods and investment non-traded
goods. The index J7(t) is defined as a CES aggregator of home-produced traded inputs,
JH (t), and foreign-produced traded inputs, J¥'(¢):

25
py—1 pI=17 b -1

B E
JEt) = |(ey)Pr (JH(t)) P4 (1 — LH) Py (JF(t)) PJ ) (18)
where 0 < < 1 is the weight of the home-produced traded good and p; corresponds to
the elasticity of substitution between home-produced traded inputs and foreign-produced
traded inputs. The investment-based price index Pj(t) is a function of traded and non-

traded prices:

PA0) = [ (P(0) ™ + (10 (PY (1) ] (19)

where the price index for traded investment goods is a function of the TOT:

1

PE@) = [ (P 0)" " + (1= o) (20)
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Installation of new investment goods involves convex costs, assumed quadratic. Thus,

total investment J differs from effectively installed new capital:

2
J(t) = I(t) + g <I€((’;)) - 5K> K(#), (21)

where the parameter k > 0 governs the magnitude of adjustment costs to capital accu-
mulation. Aggregate investment, I(t), gives rise to capital accumulation according to the
dynamic equation:

K(t) = 1() - 6xcK (1), (22)
where 0 < d0x < 1 is a fixed depreciation rate.

Households choose consumption, worked hours and investment in physical capital by
maximizing lifetime utility (15) subject to (16) and (22) together with (21). Denoting by
A and @' the co-state variables associated with (16) and (22), the first-order conditions

characterizing the representative household’s optimal plans are:

C(t) = (Peltn) " (232)

L(1) = (WA (231)

0 _1(Qu C

7@~ (B 1) +ow (23

At) = A (B—17), (23d)

Q) = "+ 3 @)~ { e+ a0 (1 - o) (e +on) b (2se)

and the transversality conditions limg ..o AN (t)e ™ = 0, lim;_oo Q(t)K (t)e™P* = 0 where
Q(t) = Q'(t)/\. In an open economy model with a representative agent having perfect
foresight, a constant rate of time preference and perfect access to world capital markets, we
impose = r* in order to generate an interior solution. Setting 5 = r* into (23d) implies
that A is constant over time. When new information about the technology shock arrives,
A jumps (to fulfill the intertemporal solvency condition determined later) and remains

constant afterwards.

Solving (23c) for investment, i.e., % = % (1%((?) — 1) + 0k, leads to a positive rela-
tionship between investment and Tobin’s ¢ which is defined as the shadow value to the firm
of installed capital, Q(t), divided by its replacement cost, P;(t). For the sake of clarity, we
drop the time argument below provided this causes no confusion.

Applying Shephard’s lemma (or the envelope theorem) yields the following demand for
the home- and the foreign-produced traded good for consumption and investment, respec-

tively:

PT —¢ PH —-P PT - 1 —p
H __ s H (- F_ s . H -
C —@<PC> ® <PT> C, C go(Pc> (1 % )<PT> C, (24a)

pT —¢J pHN\ ~PJ pT —¢J 1\ "
H _ J H F _ J H
J —L(PJ> L <P},> J, J _L(PJ> (1—1 )<P}F> J, (24b)
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and the demand for non-traded consumption and investment goods, respectively:
pNN\ ¢ PN\~
CN=(1-9) (=) ¢ JN=01-0(— J. 25
-0 () -0 (%) (25)
The substitutability across goods has important implications for the sectoral composition
effects of asymmetric technology shocks across sectors. First, rearranging the first equality

of eq. (25) reveals that the share of non-traded goods in aggregate consumption expendi-

1-¢
ture, i.e., 1—ag = P;VC%N =(1-vy) (%) , is increasing in non-traded prices when ¢ < 1

as evidence suggests. Conversely, the home content of consumption and investment expen-

. . . H~H 7\ P—1 H 7H pT ps—1
diture in tradables, i.e., aff = I;TgT = off (%) and off = % =, (Pi‘llﬁl) ,

increases as the TOT (i.e., P) decline since home- and foreign-produced traded goods are
high substitutes, see e.g., Bajzik et al. [2019]. These parameters, ¢, p and p;, will play an
important role in the transmission mechanism of an increase in the relative productivity of
tradables by affecting the share of expenditure in good j and thus sectoral labor demand.

Given the aggregate wage index, we can derive the allocation of aggregate labor supply
to the traded and the non-traded sector:

L7 =9 <V${>L LN =1 -9) <WM;V>L (26)

where € determines the percentage change in the share of hours worked in sector j, L7/L,
following a rise in the relative wage, W7 /W, by 1%. As the elasticity of labor supply across
sectors, €, takes higher values, workers experience lower mobility costs and thus more labor
shifts from one sector to another. Denoting by a, the labor compensation share of tradables,

labor income from supplying hours worked in the traded sector is WHLH = oy W L.

3.2 Firms

Each sector consists of a large number of identical firms which use labor, L7, and phys-
ical capital, K/, according to a constant returns to scale technology described by a CES
production function:

Vi) = | (WD) + (1) @Fore) |7 e
where 7/ and 1 — 1/ are the weight of labor and capital in the production technology,
respectively, o7 is the elasticity of substitution between capital and labor in sector j = H, N,
AJ(t) and BY(t) are labor- and capital-augmenting efficiency.

Firms lease the capital from households and hire workers. They face two cost compo-
nents: a capital rental cost equal to R, and the wage rates in the traded and non-traded
sector equal to W and WP, respectively. Both sectors are assumed to be perfectly com-
petitive and thus choose capital and labor by taking prices as given. Since capital can

move freely between the two sectors, the value of marginal products in the traded and the
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non-traded sectors equalize while costly labor mobility implies a wage differential across

sectors:

. = L ,
PI(t)7 (A1) =7 (4 ()7 = WY, (28a)
. . . 2 S U a
Pi(t) (1=A7) (B'(t)) = (K (1)) < (4 ()~ =R, (28b)
where we denote by k7(t) = K7(t)/L’(t) the capital-labor ratio for sector j = H, N, and
yI(t) = YI(t)/LI(t) refers to value added per hours worked described by

ol —1 ol—11] 4571

P (1) = [vj (W) T + (1) (BoRw) |7 (20)

Demand for inputs can be rewritten in terms of their respective cost in value added; for
J_1

labor, we have si(t) = (’;JJ ((f)) )7 Applying the same logic for capital and denoting

A j
by S7(t) = % the ratio of labor to capital income share, we have:

£(®)

s = O (Bj(t)kj(t))ll?j_ a0

s 1-2\ A0

When technological change is assumed to be Hicks-neutral, productivity increases uniformly
across inputs, i.e., A7(t) = B7(t), and thus relative capital efficiency, B (t) /A7 (t), in eq. (30)
vanishes. As a result, sectoral LISs are no longer directly affected by productivity growth
but indirectly through changes in sectoral capital-labor ratios. Since evidence reveals that
capital and labor are gross complements in production, i.e., 0/ < 1, sectoral LISs are
increasing in k7. By contrast, when technological change is factor-biased, an increase in
capital relative to labor efficiency, B7(t)/A7(t), impinges on the sectoral LIS directly and
indirectly through changes in k7(t).

Finally, aggregating over the two sectors gives us the resource constraint for capital:
K+ KV = K. (31)
3.3 Technology Frontier

Eq. (30) can be used to determine the direction and the extent of the change in relative
capital efficiency which is consistent with observed changes in S/ and k’/. In order to
be consistent with our empirical strategy, we need to specify a technology frontier which
determines how TFP in sector j is split between capital and labor efficiency for a given
change in relative capital efficiency inferred from (30). A natural way to map A7 and B’
into Z7 is to assume that besides optimally choosing factor inputs, firms also optimally
choose the technology of production. Following Caselli and Coleman [2006] and Caselli
[2016], the menu of possible choices of the technology of production is represented by a set

of possible (A7, B7) pairs which are chosen along a technology frontier which is assumed to

23



take a Cobb-Douglas form:'?

Z] — (Aj(t))o‘J(t) (Bj(t))l_aj(t) ’ (32)

where Z7 measures the height of the technology frontier and o/ is a positive parameter
which determines the weight of labor-augmenting technological change. Firms choose labor
and capital efficiency, A’ and B’, along the technology frontier described by eq. (32) that
minimize the unit cost function denoted by ¢/. The unit cost for producing is minimized
when the contribution of higher capital efficiency exactly offsets the change in ¢/ caused by
lower labor efficiency, i.e., (1 — SJL) Bi = —siflj . Since along the same technology frontier,
a fall in o/ A7 must be compensated by a rise by (1 — o ) BJ to keep Z7 constant, the
optimal trade-off between A7 and B’ that minimizes the unit cost is such that the weight of
capital efficiency 1 — a? collapses to its contribution, 1 — si, to the decline in the unit cost.
The weight of labor and capital efficiency into the technology frontier which minimizes the
unit cost for producing is thus strictly equal to the share of labor and capital cost in value
added, respectively, i.e., o (t) = sé(t), see Online Appendix J.6.

Inserting the optimal choice of technology pair (A7, B/) into (32) leads to a relationship

between TFP and labor- and capital-augmenting productivity:

1-s% ()

Zi(t) = (A7)0 (B9) (33)

where the weight Si is time-varying since the production function (27) takes a CES form
with 07 # 1. While the technological frontier imposes a structure on the mapping between
TFP and factor-augmenting efficiency, as described by (33), it has the advantage to insure
a consistency between the theoretical and the empirical approach where technological shifts

can be Hicks-neutral or factor-biased.

3.4 Model Closure and Equilibrium

To fully describe the equilibrium, we impose goods market clearing conditions for non-

traded and home-produced traded goods:
YNy =N+ V@),  YH@) =0" @)+ T () + X (1), (34)

where X stands for exports of home-produced goods; exports are assumed to be a de-

creasing function of TOT, PH:
X1 (t) = ox (PH (1), (35)

where px > 0 is a scaling parameter, and ¢x is the elasticity of exports w.r.t. the TOT.

Log-linearizing (33) shows that sectoral TFPs dynamics are driven by the dynamics

of labor- and capital-augmenting efficiency, i.c., Z7(t) = séﬁj(t) + (1 - sJL) Bi(t). We

9Tn Online Appendix J.7, we alternatively assume that labor and capital efficiency are aggregated by
means of a CES function and find that the same results hold.
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drop the time index below to denote steady-state values. The adjustment of A’(¢) and
BI(t) toward their long-run level expressed in percentage deviation from initial steady-

state follows a continuous time autoregressive path:
Al(t) — A = @e=€t) Bi(t) - BI =bie o, (36)

where @’ and b/ are parameters, and &/ > 0 measures the speed at which productivity closes
the gap with its long-run level; A and BJ are steady-state changes in labor and capital
efficiency in percentage; inserting (36) into the log-linearized version of the technology
frontier allows us to recover the dynamics of TFP in sector 5:2°

N

Zi(t)— 27 = 5e ¥t (37)
where 7/ = si&j + (1 — S]L) W and ZJ = siflj + (1 — S]L) B is the steady-state change in
Z7 in percentage.

The adjustment of the open economy towards the steady state is described by a dynamic

system which comprises six equations that form a separate subsystem in K, Q, A", B,

AN, BN221

K(t) =T (K(t),Q(t), A"(t), B" (1), AN(t), BN (1)), (38a)
Q(t) = = (K(1),Q(t), A" (1), B (1), AN (t), BN (1)) , (38b)
Aty = —¢I (Af(t) - Aﬂ‘) . Bl =-¢ (Bj(t) - BJ‘) . (38¢)

where j = H, N. The first dynamic equation corresponds to the non-traded goods market
clearing condition (34) and the second dynamic equation corresponds to (23e) which equal-
izes the rates of return on domestic equities and foreign bonds, r*, once we have substituted
appropriate first-order conditions. Equations (38¢c) are the law of motion of labor and cap-
ital efficiency, respectively, in sector j. Linearizing (38a)-(38b) around the steady-state
and denoting by w,ic 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 = Zle w'D;e’" where V is the vector of state and control variables.
Denoting the positive eigenvalue by 1o > 0, we set Dy = 0 to eliminate explosive paths and
determine the five arbitrary constants D; (with ¢ = 1,...,6, i # 2) by using the five initial
conditions, i.e., K (0) = Ko, A7(0) = A}, and B/(0) = B} for j = H, N.

Using the properties of constant returns to scale in production, identities Po(t)C(t) =
>, PI)CI(t) and Py(t)J(t) = >, P(t)J9(t) (with g = F,H,N) along with market
clearing conditions (34), the current account equation (16) can be rewritten as a function

of the balance of trade (last two terms on the RHS of the equation below):

N(@t) =r*N(t)+PE®)XH () — MF (1), (39)

20Gince we assume HNTC at the initial steady-state, i.e., Z7 = A7 = B’ log-linearization of (33) implies
that the terms involving changes in labor and capital income shares cancel out.
21Gee Appendix J which details the steps to obtain the dynamic system (38).
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where M¥(t) = CF(t) + J¥ (t) stands for imports of foreign-produced consumption and
investment goods. Eq. (39) can be written as a function of state and control variables,
Le., N(t) = r*N(t) + Z (K(t),Q(t), A (t), BH(t), AN (t), BN(t)). Linearizing around the
steady-state, inserting the solutions for K (t), Q(t) together with (38c), solving and invoking

the transversality condition, yields the solution for traded bonds:

6
Nit)-N= > @y, (40)
i=1,i#2
where ®%; = ﬁZPJl with B; = Egwi + Equwl + Eqnwl + Egnwl + Evwi + Egnw; partial

derivatives of Z w.r.t. K, Q, A7, BJ, are evaluated at the steady-state. Eq. (40) gives the

trajectory for N(t) consistent with the intertemporal solvency condition:

6
N-No= Y . (41)
i=1,i#2

4 Quantitative Analysis

In this section, we take the model to the data. For this purpose we solve the model
numerically.?? Therefore, first we discuss parameter values before turning to the effects of

a technology shock biased toward the traded sector.

4.1 Normalization of CES Production Functions

Since we compare numerical results obtained in a model assuming CES production func-
tions with those in a model considering a Cobb-Douglas form for production functions, we
normalize (27) so that the steady-state is invariant when the elasticity of substitution is
changed, see e.g., Cantore et al. [2014], Herrendorf et al. [2015]. To perform this normal-
ization, we assume that at the initial steady-state, technological change is Hicks-neutral,

i.e., AY = B/ = ZJ, so that eq. (29) reduces to:

o
. . . . . O'j—l Uj—
y =27 |47 + (1 _,YJ) (kj) oJ ' 7 (42)
and the LIS is a function of the capital-labor ratio only:
. . . . Uj—‘l
si =~ (20 )y7) . (43)

We choose the initial steady-state in a model with Cobb-Douglas production functions as
the normalization point and denote the LIS in sector j by §7; k7 and ¢/ are the steady-state
quantities from the Cobb-Douglas case. The objective of the normalization is to choose ¥/
in (43) so as to maintain the steady-state LIS in sector j at 67 and to set parameter Z/ in

(42) to maintain the steady-state level of 3/ equal to the Cobb-Douglas value 3’/. Equating

22Technically, the assumption 8 = r* requires the joint determination of the transition and the steady
state since the constancy of the marginal utility of wealth implies that the intertemporal solvency condition
(41) depends on eigenvalues and eigenvectors’ elements, see e.g., Turnovsky [1997].
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v/ and K/ to ¢/ and k7, respectively, eqs. (42) and (43) can be solved for 47 and Z7. Next
we plug back these two expressions into the CES production function in an intensive form
described by (42) which leads to the normalized version of the CES production function
where quantities in the CES economy are divided by their Cobb-Douglas counterparts

denoted with a bar:

. : g —
ol —1 -1 4721

yj/f/j: 67 (Lj/l_/j)T—i—(l—Gj) (KJ/[(J)T ,
where 67 is the LIS in the reference model with Cobb-Douglas production functions.

4.2 Calibration

Because we consider the initial steady-state with Cobb-Douglas production functions as
the normalization point, we have to calibrate the model with ¢/ = 1 to the data. To
calibrate the reference 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 seventeen OECD economies in our dataset. Our reference period for
the calibration corresponds to the period 1970-2013. Since we calibrate a two-sector model
with tradables and non-tradables and differentiate between home- and foreign-produced
traded goods, we pay particular attention to the adequacy of the non-tradable and home
tradable content of the model to the data. Table 4 summarizes our estimates of the ratios

and estimated parameters for all countries in our sample.??
< Please insert Table 4 and 5 about here >

To capture the key properties of a typical OECD economy which is chosen as the baseline
scenario, we take unweighted average values of ratios which are shown in the last line of
Table 4. Among the 24 parameters that the model contains, 18 have empirical counterparts
while the remaining 6 parameters, i.e., @, ¢, o, I, 9, 6k together with initial conditions

LN

H H
7aJ7T7wJ7

(No, Ko) must be endogenously calibrated to match ratios 1 —a¢, 1 —ay, «
and vyx = % with NX = PEXH _ CF — [F as summarized in Table 5. More details
about the calibration procedure can be found in Online Appendix L. We choose the model
period to be one year and set the world interest rate, r*, which is equal to the subjective

time discount rate, 3, to 4%.

The degree of labor mobility is measured by the elasticity of labor supply across sectors,
€, which is set to 1.6 to allow the model to replicate the long-run wage differential we
document empirically for tradables and non-tradables (see Fig. 3(h)). As summarized in
column 16 of Table 4, our panel data estimates of € over the period 1970-2013 range from

a low of 0.01 for Norway to a high of 3.2 for the U.S. and thus a value of 1.6 is halfway

2 Government spending on traded GT and non-traded goods G are considered for calibration purposes.
As pointed out below, we assume that the government purchases from the rest of the world is zero so that
GT = PHGH . The market clearing condition for the home-produced traded good and the non-traded good
at the steady-state are Y7 = C7 + 17 + G7 + X" and YN =N + 1V + GV,
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between these two estimates.?*

Following Stockman and Tesar [1995], we choose a value for the elasticity of substitution
¢ between traded and non-traded goods of 0.44 which is the value commonly used in the
international RBC literature. This value falls in the range of our panel data estimates for the
whole sample which vary between 0.66 and 0.33 depending on whether the testable equation
includes or not a country-specific linear time trend.?> The weight of consumption in non-
tradables 1 — ¢ is set to target a non-tradable content in total consumption expenditure
(i.e., 1 — ag¢) of 53%, in line with the average of our estimates shown in the last line of
column 2 of Table 4. Following Backus et al. [1994], we set the elasticity of substitution, p,
in consumption between home- and foreign-produced traded goods (inputs) to 1.5.26 The
weight of consumption in home-produced traded goods o is set to target a home content
)

of consumption expenditure in tradables (i.e. ) of 77%, in line with the average of our

estimates shown in the last line of column 8.

While an elasticity of intertemporal substitution (IES) around one is a typical choice
in the business cycle literature, we choose a value for the IES of two in line with estimates
documented by Gruber [2013]. As is well known (and demonstrated analytically in Online
Appendix K), when oo = 1, the wealth and substitution effect cancel out and total hours
worked remain unresponsive to a technology shock. A value of two mitigates the negative
impact of the wealth effect on labor supply and enables us to generate a positive response of
total hours worked to the shock on impact in line with our evidence.?” Based on estimates
of the macro Frisch elasticity of labor supply documented by Peterman [2016], we set o,
to 1.6; this value enables us to generate the increase in total hours worked by 0.09% we
estimate empirically on impact (see Fig. 10(a) in Online Appendix E.2).2® The weight of
labor supply to the non-traded sector, 1 — %, is set to 0.6 to target a share of non-tradables

in total hours worked of 63%, in line with the average of our estimates shown in the last

24To estimate €, we closely follow Horvath [2000]. We first derive a testable equation by combining
first-order conditions for labor supply and labor demand. Details of derivation of the equation we explore
empirically can be found in Online Appendix F.3. Then we run the regression of the growth rate of hours
worked in sector j arising from labor reallocation across sectors on the relative share of value added paid to
workers in sector j, see Online Appendix E.4. In contrast to Horvath [2000], we use value added instead of
output to be consistent with our setup where we abstract from intermediate inputs in our model.

25As detailed in Online Appendix E.4, to obtain estimates of ¢, we run the regression of the logged
share of non-tradables in consumption expenditure on the logged ratio of the price of non-tradables to the
consumption price index. We obtain a value for ¢ of 0.66 and 0.33, respectively, when adding or not a
country-specific time trend.

26In line with the bulk of the international RBC literature, we set p = 1.5 instead of choosing a value of
3 as suggested by Bajzik et al. [2019].

2"When we restrict attention to the period 1970-2007, we find that total hours worked are unresponsive
to asymmetric technology shocks across sectors and thus a value of 1 for the IES squares well with our
evidence over this period. Since we find that total hours worked increase significantly following a shock to
a productivity differential, the positive response is caused by the period 2007-2013. During this period, the
value for the IES has increased sharply, as suggested by the empirical study by Cundy [2018] who report a
value of 2.8 for the IES between 2009 and 2014. A rationale behind the rise in total hours worked following
an increase in traded relative to non-traded TFP is that during and/or in the aftermath of the Great
Recession, the relative productivity of tradables and total hours worked have been reduced dramatically,
thus reinforcing the positive relationship between the two variables.

28The estimates of the macro Frisch elasticity of labor supply documented by Peterman [2016] vary
between 1.5 and 1.75 for the population aged between 20 and 55, and between 20 and 60, respectively.
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line of column 5 of Table 4.

We now describe the calibration of production-side parameters. We assume that physical
capital depreciates at a rate dx = 9.3% to target an investment-GDP ratio of 24% (see
column 13 of Table 4). In line with mean values shown in columns 10 and 11 of Table 4, the
shares of labor income in traded and non-traded value added, 87 and 6V, are set to 0.63
and 0.68, respectively, which leads to an aggregate LIS of 66% (see the last line of column 12
of Table 4). We consider an initial steady-state with HNTC and normalize A/ = B/ = ZJ
to 1. We set the elasticity of substitution, ¢, between JT and J¥ to 1, in line with the
empirical findings documented by Bems [2008] for OECD countries. Further, the weight
of non-traded investment (1 — ¢7) is set to target a non-tradable content of investment
expenditure of 62%, in line with our estimates shown in the last line of column 3 of Table
4. Like for consumption goods, following Backus et al. [1994], we set the elasticity of
substitution, ps, in investment between home- and foreign-produced traded inputs to 1.5.
The weight of home-produced traded investment ¢ is set to 0.62 to target a home content
of investment expenditure in tradables (i.e. aff) of 51% (see column 9 of Table 4). We
choose the value of parameter k so that the elasticity of I/K with respect to Tobin’s q,
i.e., Q/ Py, is equal to the value implied by estimates in Eberly, Rebelo, and Vincent [2008].

The resulting value of  is equal to 17.2

We set government spending on non-traded goods GV and traded goods G so as to
yield a non-tradable share of government spending, wqn, of 90%, and government spending
as a share of GDP, wg, of 20%. While Comtrade database from the United Nations [2017]
enables us to breakdown imports into capital and consumption goods, we cannot differen-
tiate between government and households purchases. We assume that the government does
not import goods from abroad and thus set G = 0.

We choose initial conditions so that trade is initially balanced. Since net exports are
nil, the investment-to-GDP ratio, wy, and government spending as a share of GDP, wg,
implies a consumption-to-GDP ratio of we = 56%. It is worth mentioning that the tradable
content of GDP is endogenously determined by the tradable content of consumption, ac,
investment, «;, and government expenditure, wgr, along with we, wy, and wg. More
precisely, dividing the traded goods market clearing condition by GDP, Y, leads to an

expression that allows us to calculate the tradable content of GDP:
PEYH )Y = woac +wyay + worwe = 38%, (44)

where we = 56%, ac = 47%, wy = 24%, ay = 38%, wer = 10%, and wg = 20%.
According to (44), the ratios we target for demand components generates a tradable content

of GDP of 38% close to 39% found in the data, as reported in the last line of column 1

2Eberly, Rebelo, and Vincent [2008] run the regression I/K = o 4 3 .In(g) and obtain a point estimate
for B of 0.06. In our model, the steady-state elasticity of I/K with respect to Tobin’s q is 1/k. Equating
1/k to 0.06 gives a value for k of 17.
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of Table 4.3° Finally, building on structural estimates of the price elasticities of aggregate
exports documented by Imbs and Mejean [2015], we set the export price elasticity, ¢x,
to 1.7 in the baseline calibration (see the last line of last column of Table 4). Since we
set initial conditions so that the economy starts with balanced trade, export as a share of
GDP, wx = PYXH /Y is endogenously determined by the import content of consumption,

H and investment expenditure, 1 — a? , along with we and wy.

1-«

Since the model with Cobb-Douglas production functions is the normalization point,
when we calibrate the model with CES production functions, ¢, ¢, ¢, 7, 0, i, No and
Ky are endogenously set to target 1 —ac, 1 —ay, af, 075[, LN /L, @;, onx, K, respectively,
where a bar indicates that the ratio is obtained from the Cobb-Douglas economy.?! Drawing
on Antras [2004], we estimate the elasticity of substitution between capital and labor for
tradables and non-tradables in panel data and set o and %, to 0.69 and 0.72 (see the
last line of columns 17 and 18 of Table 4).

As the baseline scenario, we take the model with CES production functions, IML,
endogenous TOT. While in our baseline calibration we set 0/ < 1, e = 1.6, p = p; = 1.5,
we also conduct a sensitivity analysis with respect to these parameters by setting o/ = 1
and letting € or p tend toward infinity in order to contrast our results with those obtained

when imposing PML or exogenous TOT. In our baseline scenario, we also consider FBTC

and thus we contrast the model’s predictions with those when we impose HNTC.

4.3 Factor-Augmenting Efficiency and Sectoral TFP Dynamics

Since our VAR evidence documented in subsection 2.5 reveals that technological change is
factor-biased, we first need to set the dynamics for factor efficiency, B’(t) and A7(t). We
first derive the change in capital relative to labor efficiency, by log-linearizing (30) which

describes the demand for factors of production:

ol . .

= 550 - kI (t), (45)

(B - 4 )

all variables being expressed in percentage deviation from the initial steady-state. Next,
given the adjustment of relative capital efficiency inferred from (45), we have to determine
the dynamics of B7(t) and A’(t) consistent with the dynamics of sectoral TFP we estimate
empirically. Log-linearizing the technology frontier (33) in the neighborhood of the initial
steady-state allows to map labor- and capital-augmenting technological change into sectoral

TFP dynamics, i.e., Z7(t) = sé/lj(t) + (1 - st> BI(t). The latter equation together with

30The cause of the slight discrepancy in the estimated tradable content of GDP is due to different nomen-
clatures for valued added by industry and for expenditure in consumption, investment, government expen-
diture.

31More details can be found in Online Appendix L.3.
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(45) can be solved for labor and capital-augmenting efficiency:32

Aty = Z9(t) - (1 - sg) [( o’ > S9(t) — kI (t)] : (46a)

Bi(t)y=27(t) + s [( > S9(t) — /%j(t)] : (46b)

Plugging empirically estimated responses for si(t) and k7(t) (see Fig. 5), Z/(t) (see Fig.
3(e)) into the above equations enables us to recover the dynamics for A’(t) and B/(t)
consistent with the demand of factors of production (45) and adjustment of sectoral TFPs.
In this regard, the route taken to infer A7(t) and BJ(t) from (46a)-(46b) shares some
similarities with a wedge analysis. It is worth mentioning that, as a result of general
equilibrium effects, inserting estimated responses of si(t), kI (t), Z7(t) into (46) does not
necessarily imply that the model will reproduce well the responses of SJL and k7 since these
macroeconomic variables also depend on the dynamics of labor- and capital-augmenting
efficiency of the other sector together with Q(¢) and K(t).

Once we have determined the underlying dynamic process for labor and capital efficiency
by using (46), we have to choose values for exogenous parameters @/, b’, and &/, which are
consistent with the continuous time autoregressive paths (36). We choose a’, b/ by setting
t = 0 into (36) which yields &/ = — (AJ‘ - Aﬂ‘(o)), and b/ = — (BJ‘ . Bﬂ'(o)). Making use
of the time series generated by (46a) and (46b) gives us a’l = —0.029840, b = —0.202769,
a = 0.234035, bY = —0.500629. By using the fact that z/ = si&j + (1 — SJL) b (see
eq. (37)), we have 27 = —0.093566 and 2" = 0.000164 for the parameters governing the
gap which must be fulfilled when sectoral TFP converges toward its long-run equilibrium.
To determine the value for the speed of adjustment of sectoral TFP, we solve (37) for &7,
ie., & = —%ln <W>, setting ¢t = 3 leads to ¢f = 0.570885 for the traded sector
and &V = 1.166821 for the non-traded sector which gives us the best fit of the response
of Zi(t) estimated empirically. Once we have the dynamic paths for Z# (t) and ZN (t), we
can compute the dynamics for the shock to the TFP differential between tradables and
non-tradables (see eq. (3)):

Z(t) = aZ"(t) —bZN (1), (47)

where Z = aZ" — bZN is normalized to 1% in the long-run.
4.4 Reallocation and Redistributive Effects: Model Performance

In this subsection, we analyze the role of FBTC, TOT and IML in shaping the reallocation
and redistributive effects in an open economy in response to a 1% permanent increase in

TFP of tradables relative to TFP of non-tradables. In Table 6, we report the simulated

32In Online Appendix L.4, we contrast FBTCY estimated empirically (in subsection 2.5) with FBTC in
sector j recovered from (46a)-(46b), i.e., FBTC/ = 1;—;’1 (Bj(t) — Aj(t)> The cross-country correlation
between the two series is 0.95 and 0.94 for tradables and non-tradables on impact, and 0.90 and 0.97 in the
long-run.
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impact (i.e., at ¢ = 0) and long-run (i.e., at t = 10) effects. While columns 1 and 6 show
impact and long-run responses from our VAR model for comparison purposes, columns 2
and 7 show results for the baseline model where we consider endogenous TOT, IML, and
FBTC. We contrast the benchmark results with those shown in the next three columns for
impact and long-run effects, respectively, which are obtained when one or two key elements
included in the baseline model are shut down. While in Table 6, we restrict our attention
to impact and long-run responses, in Fig. 6 and 7, we contrast theoretical (displayed by
solid black lines with squares) with empirical (displayed by solid blue lines) responses. In
each panel, the responses display the point estimate of the VAR model, with the shaded
area indicating the 90% confidence bounds. We also contrast theoretical responses from
the baseline model when we allow for FBTC with the model’s predictions when we impose

HNTC shown in the dashed red line.

Adjustment in sectoral TFP. We start with the shock to the productivity differential
between tradables and non-tradables and the adjustment of sectoral TFPs shown in the first
column of Fig. 6. As can be seen in Fig. 6(a), the dynamics of the productivity differential
that we generate theoretically by specifying the law of motions (37) and (47) reproduces
the dynamic adjustment from the VAR model very well as the black line with squares and
the blue line can merely be differentiated. The productivity differential is mostly driven by
the adjustment in Z% () while Z¥ () remains constant, in line with our VAR estimates, as
shown in Fig. 6(e).

< Please insert Table 6, Fig. 6 and Fig. 7 about here >

We now assess the ability of the baseline model with IML, TOT, CES productions
functions and FBTC to account for our evidence on the reallocation and redistributive
effects summarized in Table 6 and next we explore the role of each ingredient in driving

the results.

Baseline model. To begin with, as can be seen in panel A of Table 6, the baseline
model is able to account for the sectoral composition effects we estimate empirically. First,
as in the data, the traded sector drives real GDP growth since Y and Y increases
by 0.22% and 0.01% of GDP, respectively, close to our VAR evidence (0.24% and 0.01%,
resp.). Conversely, the non-traded sector drives the rise in total hours worked as L
remains unresponsive on impact and LV rises by 0.11% of total hours worked, in line with
our empirical findings (-0.01% and 0.10%, resp.). As displayed in column 7, the baseline
model also reproduces well the adjustment in sectoral hours worked in the long-run. As
can be seen in panel C, incentives for increasing LY are brought about by an appreciation
in the relative price of non-tradables (i.e., 0.97% at ¢ = 0 and 1.08% at ¢ = 10) which is
larger than the productivity differential, in accordance with our estimates (0.99% at t = 0

and 1.06% at t = 10), as a result of ¢ < 1. While consumption in traded goods increases,
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a technology shock biased toward tradables generates an excess supply for traded goods
which deteriorates the TOT by 0.27% on impact (0.41% in the data) and 0.37% in the
long-run (0.44% in the data).

As a result of low substitutability between traded and non-traded goods, the apprecia-
tion in P increases the share of non-tradables in total consumption expenditure and drives
labor out of the traded sector. The model generates a decline in the share of tradables
in total hours worked (i.e., ) by the same amount that is estimated empirically (i.e.,
0.04% of total hours worked) as can be seen in panel B. Because workers experience labor
mobility costs, non-traded firms pay higher wages to encourage them to shift, thus pro-
ducing a positive wage differential for non-tradables and a negative wage differential for

tradables, close to our estimates, especially in the long-run (see column 7).

In addition to producing a labor outflow, the large appreciation in P also drives capital
out of the traded sector. Since labor is subject to mobility costs, the capital-labor ratio, k7,
falls substantially by 0.13% on impact and 0.12% in the long-run (see panel D). According

Y:H  shown

to the decomposition of the change in the value added share of tradables, v
in eq. (6), if capital and labor were immobile across sectors, the change in v¥*# in the
long-run would collapse to v*"# (1 — Y1) <ZH —ZN ) where we made use of (1). Since
vY'H = 0.4 approximately and the productivity differential is 1% in the long-run, a back of
the envelope calculation indicates that ¥ would increase by 0.24% of GDP.33 As can be

seen in the last line of panel B, v¥* increases by 0.16% (0.14% in the data) of GDP only

as a result of the reallocation of productive resources toward the non-traded sector.

Turning to the adjustment of sectoral variables toward the steady-state shown by the
solid black line with squares in Fig. 6, the dynamics of relative prices and the sectoral wage
differential which materializes after one year are captured fairly well by the baseline model.
As can be seen in the fourth column of Fig. 6, the increase in the productivity differential
over times further appreciates the relative price of non-tradables and amplifies the TOT
deterioration. The time-increasing appreciation in P has an expansionary effect on LYV as
displayed in Fig. 6(g). While labor keeps on shifting toward the non-traded sector as can
be seen in the lower part of Fig. 6(f), the rise in the productivity of tradables prevents the
value added share of tradables from declining (see the upper part of Fig. 6(f)). As shown
in Fig. 6(b), the baseline model also reproduces well the dynamics for traded output, Y#,
while it underestimates the rise in YV (shown in the lower part of the figure) which is not
statistically significant however.

Implications of FBTC. In columns 3 and 8 of Table 4, we consider the same model
as in the baseline scenario except that we impose HNTC. Overall, on impact, the model

assuming HNTC performs as well as the baseline model, except for the reallocation of labor

33Note that @ and b are close to 1 for the whole sample and thus 1% = aZt —bzN ~ ZH _ ZN,
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and the responses of LIS. To have a clearer picture of the performance of both models,
it is useful to start with Fig. 7 which shows the dynamics for &/ and sectoral LIS. The
conclusion that emerges is that a model imposing HNTC fails to account for the shifts of
capital across sectors as it understates the fall in k¥ during the adjustment and predicts a
rise in k" (instead of a decline); most importantly, a model abstracting from FBTC cannot
account for the rise in LIS. Conversely, as shown in the black line with squares in Fig. 7(a)
and 7(c), the combined effect of the rise in capital relative to labor efficiency and the gross
complementarity between capital and labor in production generates an expansionary effect
on labor demand in both sectors which amplifies the decline in k¥ and generates a declining
path for k. As can be seen in Fig. 7(b) and 7(d), technological change biased toward
labor dominates and overturns the negative impact on LIS caused by the fall in k7, which
leads the model to reproduce well the time-varying responses of the share of value added

: J
paid to workers, s7.

As can be seen in the third column of Fig. 6, a model imposing HNTC tends to
understate the responses of sectoral hours worked over time as shown in the dashed red lines
in Fig. 6(c) and 6(g). Conversely, by raising labor demand in both sectors, technological
change biased toward labor increases the performance of the model in reproducing the
dynamics for sectoral hours worked, as shown in the black lines with squares. A model
imposing HNTC also overstates the decline in the labor share of tradables shown in the
lower part of Fig. 6(f) while the model assuming FBTC tracks well the fall in v%#. The
reason is that technological change is more biased toward labor in the traded than in the
non-traded sector which has a positive impact on labor demand in the former sector and
thus hampers the shift of labor toward the non-traded sector.3

Quantitatively the discrepancy in models’ predictions between assumptions of FBTC
and HNTC is less striking for reallocation than for redistributive effects since LISs mostly
depend on FBTC (directly and indirectly through changes in k/) while the reallocation
effects depends on the differential in FBTC between sectors along with other key channels
such as substitutability across goods and the degree of labor mobility. As we shall see below,
the differential in FBTC between the traded and non-traded sector plays an important role,
however, when it comes to explaining international differences in the reallocation effects

caused by technology shocks biased toward the traded sector.

Implications of endogenous TOT. A second key element of the model is endogenous
TOT. Columns 5 and 10 of Table 6 shows results when we impose HNTC, ¢/ = 1, together

with perfect substitutability between home- and foreign-produced traded goods (i.e., we let

341t is worth mentioning that a model imposing HNTC reproduces better the long-run dynamics for the
sectoral wage differential shown in Fig. 6(h) since the value of € is chosen to replicate the wage differential
in a model imposing HNTC which corresponds to the reference point used to normalize CES production
functions.
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p — o). When imposing exogenous TOT, the labor share of tradables falls by 0.12%
of total hours worked, a decline which is three times larger what is estimated empirically.
The reason is that keeping the relative price of home-produced traded goods fixed leads the
model to overstate the demand boom for non-tradables, as reflected in an appreciation in the
relative price of non-tradables by 1.1% above what is estimated empirically (0.99% in the
data, see panel C of Table 6). Because the model imposing p — oo overstates considerably
the shift of labor between sectors, it fails to account for the responses of sectoral value

added and hours worked shown in panel A.

Implications of labor mobility costs. IML also plays a key role in driving the
reallocation effects as can be seen in columns 4 and 9 which show results of a model imposing
HNTC, o/ =1, and PML. A direct implication of abstracting from labor mobility costs is
that the model cannot account for the sectoral wage differential which materializes after
one year (see panel B). As expected, when we contrast VAR evidence reported in column
1 with numerical results for the restricted model displayed in column 4, the assumption of
PML leads to a decline in the labor share of tradables (0.09%) which is more than twice
as large as that estimated empirically (0.04% in the data, see panel B). By overestimating
the labor inflow in the non-traded sector, the model overpredicts the rise in LY (see panel
A) and mitigates the excess demand for non-traded goods. As a result, the model predicts
an appreciation in the relative price of non-tradables (see panel C) by 0.89% below what is

estimated empirically (0.99%).

4.5 Redistributive and Reallocation Effects across Countries: Model vs.
Data

‘We now move a step further and calibrate our model to country-specific data. Our objective
is to assess the ability of our baseline model to account for the cross-country dispersion in
the reallocation and redistributive effects we estimate empirically and to shed some light

on the role of FBT(C.36

Calibration to country-specific data. To conduct this analysis, we calibrate our
model to match key ratios of the 17 OECD economies in our sample, as summarized in
Table 4, while €, ¢, 0/, ¢x are set in accordance with estimates shown in the last five
columns of Table 4. As discussed in subsection 4.1, we consider the initial steady-state
with Cobb-Douglas production functions (i.e., o7 is set to 1) as the normalization point
and calibrate the reference model to the data; ¢, ¢, o, 1 9, 6x together with initial
conditions need to be endogenously calibrated to target 1 — ac, 1 — ay, off, 0451, %, wy,

and vnx = 0 (see subsection 4.2); we also choose values for the LIS in the Cobb-Douglas

351t is worth mentioning that when we impose HNTC, assuming CES or Cobb-Douglas production func-
tions do not make any difference even quantitatively.

36We mostly focus on sectoral shares and do not contrast the responses of sectoral hours worked since the
former are influenced by a few parameter such as ¢, ¢, FBTC, while the latter variables are also affected by
additional parameters such as o, for which we do not have estimates at a country level.
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case, 6/, in accordance with our estimates shown in columns 10 and 11 of Table 4; won and
wg are chosen to match the non-tradable content of government spending and the share
of government spending in GDP, respectively, which are displayed in columns 4 and 14 of
Table 4. The remaining parameters, i.e., o1, oc, p, ¢, pJ, k take the same values as those
summarized in Table 5. To compute FBTC, we proceed as in subsection 4.3 except that to
estimate (46a)-(46b), we use country-specific estimates of 6/ and country-specific estimated
responses of si(t), ki (t), Z7(t).3" Once we have recovered time series for FBTC in sector
j = H, N for each country, we choose parameters @’ and &’/ by setting ¢ = 0 into (36) and
we choose parameter & by choosing time ¢ in eq. (37) which gives the best fit of sectoral
TFP dynamics to the data. Once the model is calibrated, we estimate numerically the
labor reallocation and redistributive effects of a 1% permanent increase in traded relative

to non-traded TFP.
< Please insert Fig. 8 about here >

Redistributive effects across countries. We first assess the ability of the model to
account for the cross-country dispersion in the responses of LIS we estimate empirically. In
the first row of Fig 8, we plot impact responses of the ratio of factor income shares, S7, we
estimate empirically (vertical axis) against impact responses of S/ we compute numerically
(horizontal axis).>® To have a sense of the importance of FBTC in driving the cross-country
redistributive effects, we contrast the model’s predictions when we impose HNTC which
are displayed in red triangles with the model’s predictions when assuming FBTC shown
5.(t)

in black squares. It is worth mentioning that S7(t) = L
—°L

similar to that of the LIS which is scaled by one less the LIS (i.e., the capital income share).

and thus the response of S7 is

As it stands out, a model imposing HNTC cannot account for international differences in
the responses of sectoral LIS. The correlation between empirical and theoretical estimates
of impact responses of LIS on impact is -0.42 for the traded sector. While the correlation
between the data and HNTC model’s predictions for the impact response of sg improves
as it stands at 0.29, the model performance still remains low. Intuitively, the shifts of
capital between sectors generated by a model imposing HNTC are not large enough on
their own to reproduce the cross-country dispersion in the responses of LIS. Conversely,
by influencing sectoral LISs directly and indirectly through the shifts of capital, the model
assuming FBTC is able to generate a wide cross-country dispersion in the responses of
LIS which fits well the data as the correlation between model’s predictions and the data

is 0.99 for the traded sector and 0.97 for the non-traded sector. For example, FBTC in

37Like for a representative OECD economy, we estimate the VAR model thIS’j = [Zt, 311“ lgzt’}, but for
one country at a time and generate the responses of s]L and k7; we also estimate the VAR model which
includes aggregate variables, i.e., zft = Z, YR,t, L, Wc,t}, to identify the technology shock; next we plug
the identified technology shock into the VAR model 27 = [5,52 AR Zt}, adopt a Choleski decomposition
and generate responses of Z7.

38To save space, we plot the long-run responses of LIS against the long-run responses of FBTC in Online
Appendix M.2 and find a similar conclusion in the long-run.
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tradables varies on impact from -3.3% for Belgium to 1.8% for Canada approximately and
this results in an heterogeneity in responses of S7 (-3.2% and 1.1%, resp.) close to our
estimates. While the same picture emerges for non-tradables, international differences are
less as FBTC varies between -1.2% for Belgium up to 0.4% for Denmark which results in
a decline in the ratio of factor income share (i.e., SV) by -1.1% in the former country and

an increase by 0.5% in the latter economy, respectively.

Reallocation effects across countries. In the second row of Fig. 8, we plot im-
pact responses of the value added share of non-tradables and the labor share of tradables,
respectively, we estimate empirically (vertical axis) against impact responses of the same
variables we compute numerically (horizontal axis). Black squares show model’s predictions
when we allow for FBTC while red triangles shows model’s predictions when we impose
HNTC. The red trend line shows the fit of the model to the data when imposing HNTC
and the black trend line shows the model fit when we assume FBTC. Inspection of trend
lines in Fig. 8(c) reveals that both models (i.e., with either HNTC or FBTC) reproduce
well the cross-country dispersion in the responses of the value added share of non-tradables.
This finding suggests that international differences in the responses of sectoral value added
shares are mostly driven by international differences in the elasticity of substitution be-
tween traded and non-traded goods (i.e., ¢) and sectoral TFP shocks (which we allow to

vary across countries).

Conversely, we reach a different conclusion in Fig. 8(d) which plots responses of the
labor share of tradables we estimate empirically against those we compute numerically.
As is evident from trend lines, the ability of the model to account for the cross-country
dispersion in the responses of the labor share is higher when we allow for FBTC (as shown
in the black trend line). The correlation between numerical and empirical estimates stands
at 0.76 with FBTC and falls to 0.35 when we shut down this feature. Intuitively, a sectoral
differential in FBTC modifies sectoral labor demand and thus either amplifies or mitigates
the shift of labor across two sectors in a way that increases the ability of the baseline model
to account for the cross-country dispersion in the reallocation effects. One most prominent
example is Germany which experiences technological change biased toward capital in the
traded sector and technological change biased toward labor in the non-traded sector. The
former lowers labor demand in the traded sector while the latter stimulates labor demand
in the non-traded sector. The shift of labor toward the non-traded sector is thus amplified
which allows the baseline model to generate a decline in the labor share of tradables by
0.12% close to our estimates (i.e., -0.15%). Conversely, a model imposing HNTC produces

LH

a decline in v which is more than three times smaller what we estimate empirically.
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4.6 A Test for FBTC Hypothesis

So far, we have put forward international differences in FBTC as an explanation of the cross-
country redistributive and reallocation effects. To provide some support for our hypothesis
of FBTC, we draw on Acemoglu’s [2003] model. In Acemoglu’s setup, capital-augmenting
technological change is the result of research efforts by capital intensive firms and labor-
augmenting technological change is the result of research efforts by labor intensive firms.
Because asymmetric technology shocks across sectors are caused by higher productivity of
tradables in most of the countries of the sample, we restrict our attention to the traded

sector below.?

To implement our empirical strategy, we proceed as follows. We identify technology
shocks biased toward the traded sector, etZ , for each country in our sample by estimating a
VAR model which includes aggregate variables ! = [Zt, f/R,t, f/t, th} . For each industry
k, we estimate the VAR model which includes the identified shock to the productivity
differential, €7, TFP in industry k denoted by Z* and the ratio of traded to non-traded
TFP, i.e., th b = [e7 7ZAtH ’k,Zt], and adopt a Cholesky decomposition. Then, we generate
impulse response functions in order to recover the percentage change in TFP in industry
k in the traded sector, denoted by ZAtH ’k, triggered by the productivity differential, Z,
normalized to one percent in the long-run. The percentage deviation of TFP of tradables
relative to initial steady-state is a weighted average of industry’s TFP changes, i.e., ZtH =
St kZAtH * where vY"HF is the share of industry k’s value added in traded value added
at constant prices. Substituting the linearized version of the technology frontier (37) for

each industry k leads to:
Zf[ = Z y YV Hk [sfk/lfk + (1 — sfk> éflk} (48)
k

Drawing on Acemoglu’s [2003] model, HNTC corresponds to a situation where all industries
have the same LIS so that sf’k collapses to the LIS of the broad sector, sf ; in this situation,
eq. (48) reduces to

ZH = Z Y Hk [sgﬁfk + (1 — sg) BtH’k} , (49)
k

where a bar above Z on the LHS of (49) refers to traded TFP if LISs were identical
across traded industries. When sf’k = sf for all industries k£ of the traded sector, we

have flf[ - Bf * for each industry k so that technological change in the traded sector is

Hicks-neutral. Subtracting (49) from (48) leads to a measure of the deviation from HNTC:

ZH - Z[ =3k [(1 _ sf”“> ~(1- sf)] (Bf”“ - Af”“) : (50)
k

39Gince the home-produced traded goods sector is highly intensive in R&D, whilst the non-traded sec-
tor displays a low R&D intensity, the Acemoglu’s setup is less relevant for non-traded industries. More
specifically, the evidence documented by Galindo-Rueda and Verger [2016] for manufacturing and non-
manufacturing activities reveals that industries we classify as tradables (except for financial and insurance
activities which are classified as low R&D intensity industries) display high intensity in R&D.
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Like Acemoglu [2003], we assume that industries which are more capital (labor) intensive
only perform capital- (labor-) augmenting technological change so that the change in TFP in
traded industry k we estimate empirically reduces to the change in capital (labor) efficiency.

These assumptions can be summarized as follows:

{ Zi =B i (1) > (1= sh) -

Hk _  iHk ; Hk _ H
Z," = A if s1.7 >80,

where sf is the LIS averaged across all industries in the traded sector. It is worth mention-
ing that the minus in front of Afl ok (see the second line of (51)) allows us to differentiate
graphically countries where labor-intensive industries contribute more to the TFP growth
in the traded sector from those where a greater part of ZH can be attributed to capital-
intensive industries. More precisely, if labor-intensive industries contribute more to TFP
growth in the traded sector, then the measure of the deviation from Hicks neutral tech-
nological change is negative. Conversely, the measure (50) turns out to be positive for

countries where capital-intensive industries contribute more to ZH,
< Please insert Fig. 9 about here >

Next, we contrast deviation from HNTC from empirical estimates with the measure
(50) computed numerically. To construct the latter measure, we make inference of A and
BH by using (46a) and (46b), respectively and we further assume that capital-augmenting
technological change is identical across capital-intensive industries and thus BtH k= Bg{ .
The same logic applies for labor-intensive industries, i.e., flf{ b = Aff . Like for empirical
estimates, we add a minus for labor-augmenting technological change in order to differenti-
ate labor- from capital-augmenting technological change graphically. In Fig. 9, we plot the
measure of the deviation from HNTC (50) estimated empirically (on the horizontal axis)
against the measure estimated numerically (on the vertical axis). The left panel of Fig. 9
contrasts empirical with numerical estimates of (50) on impact (i.e., t = 0) when we allow
for two lags in the VAR model (to estimate ZtH k) while the right panel compares both
measures by allowing for one lag.?? If technology shocks were Hicks neutral, all countries
should be positioned at point (0,0). By contrast, we find that capital- and labor-efficiency
increases at uneven rates. More specifically, countries positioned in the north-east of the
scatter-plot are those where TFP changes in the traded sector are mostly driven by capital-
intensive industries while those located in the south-west are those where labor-intensive
industries contribute more to Zf[ . Importantly, we detect a positive cross-country relation-

ship which is robust to the number of lags included in the VAR model.*! Such a finding

“OThere is substantial uncertainty surrounding point estimates when estimating the VAR model at a
country level given the relatively small number of observations available per country. Since the magnitude
of the responses of TFP at a country/industry level may vary substantially with the number of lags, we find
it appropriate to show estimates with one or two lags.

41Tn Online Appendix M.2, we plot the measure of the deviation from HNTC (50) estimated empirically
against the measure estimated numerically in the long-run and find that our conclusion holds at a longer
horizon.
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reveals that in line with Acemoglu model’s assumptions, in countries where capital-intensive
industries contribute more to TFP growth in the traded sector, capital relative labor effi-
ciency increases so that technological change favors the use of labor (as long as alH < 1).
Conversely, in countries where TFP gains are concentrated on labor-intensive industries,
labor relative to capital efficiency rises which biases technological change toward capital (as

long as ol < 1).
5 Conclusion

Motivated by the evidence documented by Foerster et al. [2011] and Garin et al. [2018], we
explore the reallocation and redistributive effects caused by asymmetric technology shocks
across sectors in an open economy setup. To conduct this analysis, we use a panel of 17
OECD countries over 1970-2013 and adopt the identification approach of technology shocks
proposed by Gali [1999]. Since we consider an open economy, we differentiate between a
traded and non-traded sector. We find empirically that traded TFP increases significantly
more than non-traded TFP following an aggregate TFP shock and the contribution of
shocks to the productivity differential between tradables and non-tradables to the forecast
error variance of aggregate TFP growth has increased dramatically over time and stands
at more than 40% over 1993-2013. When we estimate the effects of a permanent increase
in traded relative to non-traded TFP, our evidence reveals that the share of tradables in
real GDP increases while the labor share of tradables declines as labor shifts toward the

non-traded sector.

To rationalize our VAR evidence, we put forward an open economy version of the neo-
classical model with tradables and non-tradables. Our quantitative analysis reveals that
the low substitutability between traded and non-traded goods in consumption and financial
openness leads the model to substantially overstate the decline in the labor share of trad-
ables. To account for the magnitude of the reallocation effects we document empirically, we
consider three key elements. Like Kehoe and Ruhl [2009], we allow for endogenous TOT.
Since domestically and foreign-produced traded goods are gross substitutes, the TOT dete-
rioration stimulates hiring in the traded sector and thus curbs the shift of labor toward the
non-traded sector. The second element is IML which is modelled in the lines of Horvath
[2000] by assuming imperfect substitutability across sectoral hours worked. The presence of
labor mobility costs generates a sectoral wage differential in accordance with our estimates
and strengthens the TOT channel by further hampering labor reallocation across sectors.

We put forward FBTC as a third key ingredient. Adapting the methodology of Caselli
and Coleman [2006] to our setup, we use the demand of inputs and our estimates of the
elasticity of substitution between capital and labor to construct times series for FBTC.

Our VAR estimates reveal that technological change is biased toward labor in both sectors
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following a shock to traded relative to non-traded TFP which is consistent with the rise in
sectoral LIS found in the data. Once we include the three aforementioned elements, the
model reproduces well the reallocation and redistributive effects we estimate empirically
for the whole sample. Our VAR estimates also reveal that the responses of sectoral LIS
display a wide cross-country dispersion. Importantly, we detect empirically a strong and
positive cross-country relationship between the responses of sectoral LIS and factor-biased
technological shifts. When we calibrate the model to country-specific data, our model can
account for the cross-country dispersion in the responses of sectoral LIS once we allow sec-
toral FBTC to vary across countries. Turning to the reallocation effects, we find that the
ability of the model to account for international differences in the decline in the labor share
of tradables increases significantly once when we let FBTC vary across sectors and between
countries. Finally, in line with Acemoglu’s [2003] model assumptions, our empirical results
show that in countries where capital-intensive (labor-intensive resp.) industries contribute
more to the rise in TFP in the traded sector, capital relative to labor efficiency increases.
Because capital and labor are gross complements for most of the sectors/countries, techno-

logical change is biased toward labor (capital resp.) in these OECD economies.

We view our analysis of asymmetric technology shocks across sectors as a step toward a
better understanding of the labor market effects of aggregate technology shocks which can
be viewed as a combination of symmetric and asymmetric technology shocks across sectors.
By providing incentives for hiring by non-traded firms, and all the more so in countries
where technological change is biased toward labor, asymmetric technology shocks have a
positive impact on total hours worked because the non-traded sector accounts for two-third
of labor in OECD countries. By contrast, by reducing dramatically the relative price of
non-tradables (as a result the gross complementarity between traded and non-traded goods)
and thus the demand for labor in the non-traded sector, symmetric technology shocks exert
a negative impact on total hours worked. In this regard, we may expect the increasing
importance of asymmetric technology shocks to increase the response of hours worked to

technology shock over time.
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Figure 1: Relative Productivity and Labor Share of Tradables (1993-2013)Notes: In Fig. 1,
we plot the detrended ratio of TFP of tradables to TFP of non-tradables (or the relative productivity of tradables)
shown in the blue line, against the detrended labor share of tradables shown in the black line. TFP of tradables,
ZtH7 and TFP of non-tradables, ng7 are the Solow residual. The labor share of tradables is calculated as the ratio of
hours worked in the traded sector to total hours worked. Detrended relative productivity of tradables is computed
as the difference between the logarithm of actual time series Zﬁ/ZtN and the trend of (logged) relative productivity
of tradables. The trend of logged relative productivity of tradables is obtained by applying a Hodrick-Prescott filter
with a smoothing parameter of A = 100 (as we use annual data) to the (logged) time series Z[7 /ZV. Detrended labor
share of tradables is computed as the difference between actual time series for LtH/Lt and the trend of the labor
share of tradables, the latter being obtained by applying a Hodrick-Prescott filter with a smoothing parameter of
A = 100. Sample: United States, United Kingdom, Ireland, Spain. For the last three economies, we restrict attention
to the period 1993-2013 as the great moderation starts in the post-1992 period in European countries, see Gonzalez
Cabanillas and Ruscher [2008]. Fig. 1(b) plots detrended relative productivity of tradables and detrended labor share
of tradables for the whole sample where sectoral TFP and the labor share of tradables are calculated as the working
age population weighted sum of the seventeen OECD countries. Sample: 17 OECD countries, 1970-2013, annual
data.
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Figure 2: Symmetric and Asymmetric Technology Shocks across Sectors. Notes: In Fig. 2(a),
we plot the responses of traded and non-traded TFP, ZF (shown in the blue line) and Z}¥ (shown in the black line),
to identified shock to aggregate TFP, ZtA. To identify empirically aggregate technology shocks, we consider a VAR
model which includes aggregate TFP, ZtA, and total hours worked, L¢, both in rate of growth, and assume that only
shocks to aggregate TFP increases permanently ZtA. Once the aggregate technology shock is identified, we plug the
shock into a VAR model which also includes ZtH, szv and ZtA; we estimate the VAR model by adopting a Cholesky
decomposition and generate responses of ZtH and ZtN following a 1% permanent increase in ZtA. Fig. 2(b) and
Fig. 2(c) show the effects of symmetric and asymmetric technology shocks where the blue line and the black line
display the responses for ZtH/ZtN and ZtA7 respectively. To identify these two long-run shocks, we consider a VAR
model which includes the ratio of traded to non-traded TFP, Zfl /Z,fv , aggregate TFP, Z,;“, and hours worked, Ly, all
variables entering the VAR model in growth rates. We impose long-run restrictions such that asymmetric technology
shocks across sectors increase permanently both ZtH /ZtN and Zf‘ while symmetric technology shocks only increase
permanently ZtA. Shaded area indicates the 90 percent confidence bounds obtained by bootstrap sampling; sample:
17 OECD countries, 1970-2013, annual data.
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Table 1: The Share of the FEV of Aggregate TFP Growth Attributable to Asymmetric
Technology Shocks across Sectors in %

Horizon FEVD for Z4
1970-2013 1970-1992 1993-2013
AN L AN L AN L
1) (2) (3) (4) (5) (6) (7) (8) (9)
0 19.065 68.970 11.964 | 2.589  87.143 10.268 | 41.187 50.816 7.997
5 17.634  68.902 13.464 | 2961  81.842 15.197 | 39.878  50.487 9.635
10 17.632  68.897 13.472 | 2960  81.804 15.236 | 39.878  50.487 9.635

Notes: FEV: Forecast Error Variance. The number in columns 1-9 denotes the fraction of the total forecast error variance
of aggregate TFP growth th’“ attributable to identified asymmetric technology shocks across sectors (shock to ZtH/ZtN, see
columns 1,4,7), symmetric technology shocks across sectors (shock to ZtA leaving unaffected ZtH/ZgV7 see columns 2,5,8),
and a third shock to which we do not attach any structural interpretation (shock to L, see columns 3,6,9). We consider
a forecast horizon of 1, 5, 10 years and compute the FEVs in the three-variable VAR model which includes ZH /ZN | zZA,
and L, all in growth rate. Sample: 17 OECD countries, 1970-2013, annual data.

Notes: Column ’period’ gives the first and last observation available. Obs. refers to the number of observations available for

each country.

Table 2: Sample Range for Empirical and Numerical Analysis

Country Code [ Period Obs
Australia (AUS) 1970 - 2013 44
Austria (AUT) | 1970 - 2013 44
Belgium (BEL) | 1970 - 2013 44
Canada (CAN) | 1970 - 2013 44
Germany (DEU) | 1970 - 2013 44
Denmark (DNK) | 1970 - 2013 44
Spain (ESP) | 1970 - 2013 44
Finland (FIN) | 1970 - 2013 44
France (FRA) 1970 - 2013 44
Great Britain ~ (GBR) | 1970 - 2013 44
Ireland (IRL) 1970 - 2013 44
Ttaly (ITA) | 1970 - 2013 44
Japan (JPN) 1974 - 2013 40
Netherlands (NLD) | 1970 - 2013 44
Norway (NOR) | 1970 - 2013 44
Sweden (SWE) | 1970 - 2013 44
United States  (USA) | 1970 - 2013 44
Total number of obs. 744
Main data sources EU KLEMS & OECD STAN ]
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Figure 3: Sectoral Effects of a Permanent Increase in Traded Relative to Non-Traded TFP.
Notes: Exogenous increase of TFP in tradables relative to non-tradables (3) by 1%. Horizontal axes indicate years.
Vertical axes measure percentage deviation from trend in GDP units (sectoral value added, sectoral value added
share), percentage deviation from trend in total hours worked units (sectoral hours worked, sectoral hours worked
share), percentage deviation from trend (sectoral TFPs, relative price of non-tradables, TOT, relative wage). Shaded
areas indicate the 90 percent confidence bounds obtained by bootstrap sampling. The blue line shows the response
for tradables while the black line line shows the response for non-tradables. Sample: 17 OECD countries, 1970-2013,

annual data.

Table 3: Sectoral Composition Effects of a Technology Shock Biased toward Tradables:

Point Estimates

77

LIS

Variables Impact Long-run Impact Long-run
(t=0) (t =10) (t=0) (t =10)
(1) (2) (3) (4)
Tradables Non-Tradables
A Sectoral TFP
‘ 0.718* 0.812* —0.170*  —0.147*
B.Distributional Effects
Value added 0.236* 0.274* 0.011 0.059
Hours worked -0.009 0.009 0.097* 0.154*
B.Reallocation Effects
Value added Share 0.134* 0.140* —0.137*  —0.137*
Labor Share —0.038*  —0.052* 0.043* 0.059*
C.Relative Price
P& P —0.411*  —0.437* 0.991* 1.065*
D.Relative Wage
Wi /W —0.015 —0.119* 0.005 0.060*
E.Redistributive Effects
0.094* 0.096 0.013 0.073*
Capital-Labor Ratio —0.084*  —0.143* —0.013 —0.035

Notes: * denote significance at 10% level. Standards errors are bootstrapped with

10000 replications.
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Figure 4: Cross-Country Effects of a Permanent Increase in Traded Relative to Non-Traded
TFP. Notes: Figure 4 plots impact responses of the labor share of tradables and the value added share of non-
tradables to a 1% permanent increase in the relative productivity of tradables against three key estimated parameters.
Impact responses shown in the vertical axis are obtained by running a VAR model for one country at a time and are
expressed in percentage point. Horizontal axis in Fig. 4(a) and Fig. 4(b) displays the elasticity of labor supply across
sectors, € (which captures the degree of labor mobility across sectors) and the elasticity of substitution between traded
and non-traded goods, ¢, respectively. Panel data estimates for € and ¢ are taken from column 16 and 15 of Table
4, respectively. Horizontal axis in Fig. 4(c) displays the differential in FBTC between tradables and non-tradables

whose estimates are obtained by running the VAR model [Zt, FBTC{} for one country at at a time where time series
for FBTC are constructed by using (7).
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Figure 5: Redistributive Effects of a Permanent Increase in Traded Relative to Non-Traded
TFP. Notes: Exogenous increase of TFP in tradables relative to non-tradables by 1%. The first two columns show
the responses of LIS and capital-labor ratios for tradables and non-tradables. Horizontal axes indicate years. Vertical
axes measure deviations from trend in percentage of value added for the LIS, and percentage deviation from trend
in capital stock units for the capital-labor ratio. The third column plots the response of FBTC in sector j = H, N
which is obtained by running a simple VAR [Zit, FBTCgt} where time series for FBTCZt are computed by making
use of eq. (7). Results for baseline specification are displayed by solid lines with shaded area indicating 90 percent
confidence bounds obtained by bootstrap sampling. The last column plots impact (i.e., at time ¢ = 0) responses of

aJ
~ S

the ratio of factor income shares, Sf =7 L; ,

—8

L

on the vertical axis against FBTC in sector j = H, N on the horizontal

axis. Impact and long-run responses are obtained by running a VAR model for each country and are expressed in
percent. Sample: 17 OECD countries, 1970-2013, annual data.
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Sectoral TFP Sectoral Composition Prices & Wages
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Figure 6: Sectoral Effects a Permanent Technology Shock Biased Toward Tradables: Model
vs. Data Notes: Solid blue lines display point estimate of VAR model with shaded area indicating 90% confidence
bounds; solid black lines with squares display baseline model’s predictions, i.e., when we allow for IML (e = 1.6),
endogenous TOT (p = p; = 1.5), gross complementarity between capital and labor in production (i.e., o = 0.687,
oN = 0.716), and technological change biased toward labor, i.e., FBTCH = 0.58% and FBTCY = 0.36% in the
long-run; dashed red lines show predictions of the same model when we impose HNTC.
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Figure 7: Redistributive Effects of a Permanent Technology Shock Biased Toward Trad-

ables: Model vs. Data. Notes: Solid blue lines display point estimate of VAR model with shaded area
indicating 90% confidence bounds; solid black line with squares display model’s predictions in the baseline scenario
with IML across sectors (e = 1.6), endogenous TOT (p = p; = 1.5), gross complementarity between capital and labor
in production (i.e., o = 0.687, o = 0.716), and technological change biased toward labor, i.e., FBTCH = 0.58%
and FBTCY = 0.36% in the long-run); dashed red lines show predictions of the same model except for technological
change which is assumed to be Hicks-neutral (i.e., B7(t) = A7 (t)).

ol



27 1
R? =0.99552 -
. A HNTC CANMINOR  CANPNOR A fE =000
B . = 05 DNKA DNK
= NLD& N US e
= AUSARUS SAISA =
@ l(?fg) EE‘D ?1]
z 0 SlingSone 3
= FSPs L ESP = 0
_g RISy Rdiﬁﬁéw _g
-1 FRAMEIUTERAS AUT =
= DNK ADNK =
= FIN AFIN = -0.5
«© «©
L -2r 2
B= B=
=) =) @ ;
E g mGBR AGBR
A 5l SIS ) )
BEL BEL BE] ABEL
-4 -1.5 -
-4 -3 -2 -1 OA 1 2 -1.5 -1 -0.5 0 N 0.5 1
Numerically Computed S (0) Numerically Computed SV (0)
G H SN
(a) S7(0): Model vs. Data (b) S™(0): Model vs. Data
. AUS am AUS 0.05
DEU e
pevm Vs oSk T _Zgiom,
-0.05 NLDa o "BR
s s
- -0.1F £
;A IRL 6 Y
: -0.15 AUTRA SWEm SWE :
% % -0.05
g £
2 Z
& 025 . 8
= = -0.1
g 031 8 R? =0.57434
= H
Z =)
5 0.35 R? =0.61432 — Lé -0.15 uDEU ADEU
O o
0.45 -0.2
-0.5 -0.4 -0.3 -0.2 -0.1 0 -0.15 -0.1 -0.05 0

Numerically computed dv¥V (0)

(¢) dv¥"™(0): Model vs. Data

Numerically computed dv*# (0)

(d) dv™*(0): Model vs. Data

Figure 8: Cross-Country Relationship under FBTC and HNTC hypothesis: Model vs.
Data. Notes: Fig. 8 plots impact (i.e., at time ¢ = 0) responses of LIS and sectoral shares estimated empirically
on the vertical axis against the responses of the corresponding variables computed numerically. In each panel, we
contrast the predictions from a model imposing HNTC shown in red triangles with the predictions of the baseline
model assuming FBTC displayed in black squares. The red trend line shows the fit of the model to the data when
imposing HNTC while the black trend line shows the fit of the model to the data when assuming FBTC. For the first
row, we do not show the trend line obtained from a model imposing HNTC as the trend line would be vertical as a
result of the low performance of the model.
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Figure 9: Deviation from Hicks-Neutral Technology Shocks: Model vs. Data. Notes: According
to Acemoglu’s [2003] model assumptions, capital- (labor-) intensive industries perform capital- (labor-) augmenting
technological change. In Fig. 9, we investigate whether in countries where capital relative to labor efficiency increases,
capital-intensive industries contribute more to TFP changes on impact. To perform this investigation, we compute a
measure of the deviation from Hicks neutral technological change. This index is a weighted average of TFP shocks
within each industry; each industry’s TFP shock is weighted by the product of its valued added share and the
difference between this industry’s capital income share and the broad sector’s capital income share. On the horizontal
axis, we report estimated values of our measure of deviation from HNTC. When this measure takes positive (negative)
values, relative capital (labor) efficiency increases. The vertical axis shows the same measure computed numerically.
According to Acemoglu’s [2003] model, if capital income shares were equal across industries, then technological change
would be Hicks-neutral so that capital and labor efficiency would increase at the same speed and all observations
would be positioned at point (0,0).
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A VAR Identification: Empirical Strategy

In this section we detail the empirical approach we adopt to identify permanent technology shocks
and next we provide a short survey of the literature and motivate the choice of our method described
below.

Let X;; = (Zit,ﬁt) be a vector of n variables for ¢ = 1,...,N and t = 1,...,T where Zit
denotes the first difference of the variable that is assumed to respond (in the long run) exclusively
to permanent technology shocks biased toward the traded sector and Y;: includes the first difference
of the (n — 1) variables of interest. The structural moving average representation for X;; (omitting
country fixed effects and time fixed effects without loss of generality) reads:

Xyt = A(L)ey, (52)

where A(L) = Y2, ArL*, L is the backshift operator and e;; = (7, %)’ is the vector of structural
shocks with €7, denoting the technology shock (to be identified) and e}, the other non-technology
structural shocks (unidentified). The structural shocks are uncorrelated, have zero mean and, by
normalization, unit variance, i.e. E[e;el,] = I,. To identify the shock of interest €, we use the
restriction that the unit root in the variable Z;; originates exclusively from technology shocks biased
toward the traded sector. Hence, non technology shocks €, have no long-run effect on the ratio of
TFP in the home traded good sector to TFP in the non-traded sector. Our identification restriction
implies that the upper triangular elements of the long-run impact matrix A(1) must be zero. The
reduced form moving average representation associated with (52) is:

Xit = B(L)ns, (53)

with B(L) =1, + Z;ozl By L* and where 7;; is a vector of white noise processes with Enun,) = 2.
Given representations (52) and (53), the structural economic shocks ¢;; are related to reduced form
residuals ;¢ through 7;; = Aoe;¢, which implies ¥ = AgAj and A; = B;Ag. The VMA representation
(53) is obtained by estimating its reduced form VAR(p):

C(L)Xst = it (54)

with C(L) = I, — >%_; CxL* and B(L) = (C(L))~'. System (54) is estimated by panel OLS
regression with country fixed effects and time fixed effects. We assume that the matrices Cj and 3
are invariant across time and countries. To ensure that differences across VAR models (presented
below) are not driven by differences in selected lags p, we set p = 2 in all reported results. In order to
recover the identifying restriction from the estimated VAR model (54), the matrix A(1) is computed
as the Cholesky decomposition of B(1)XB(1)’, i.e. A(1)A(1)' = B(1)XB(1)". The structural shocks
can then be recovered using ;; = A(1) 7' B(1)n;; where we used the fact that A9 = A(1)~'B(1).

While we adopt the identification of permanent technology shocks pioneered by Gali [1999], and
assume that per capita hours worked enter the VAR model in growth rate, Christiano, Eichenbaum,
and Vigfusson [2004] argue for using per capita hours in log-levels rather than in growth rates
and find the opposite to Gali’s result, say hours worked rise after a positive technology shock.
We conducted unit root tests in panel data and find that all variables entering the VAR model
are integrated of order one, see Technical Appendix G.1. Several papers have questioned Gali’s
identifying assumption that technology shocks are the only shocks that increase permanently labor
productivity. First, Mertens and Ravn [2010] find that permanent changes in income tax rates induce
permanent changes in hours worked as well as in labor productivity which leads to a violation of the
standard long-run identification strategy for technology shocks. Second, Francis, Owyang, Rousch,
DiCecio [2014] identify the technology shock as that associated with the maximum forecast-error
variance share in labor productivity at a long, finite horizon, and find that hours worked decline.
One advantage of this method is that it let other shocks influence labor productivity after a certain
horizon of time. Like Chang and Hong [2006], we measure technological change with TFP and
this measure should mitigate the effects of other shocks. Finally, Basu, Fernald and Kimball [2006]
find that when technology improves, utilization falls so that TFP initially rises less than technology
does. The authors construct a measure of aggregate technological change controlling for varying
utilization of capital and labor. To adjust the annual Solow residual for the utilization of inputs,
they use observed hours per worker as a proxy. While we have the data to estimate growth in
factor utilization for each sector/country in our sample, the estimation equation (see equation 18
in Basu et al. [2006]) requires the use of instruments since there is a potential correlation between
input growth and the standard Solow residual which we would lead us too far. Reassuringly, since
we focus on the ratio of sectoral TFP, not adjusting sectoral TFP time series for factor utilization
should not pose a problem. Chodorow-Reich, Karabarbounis, and Kekre [2019] have estimated the
utilization rate for tradables and non-tradables by using Greek data and find that the movements
are highly correlated.
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B Sectoral Decomposition of Aggregate TFP

We consider an open economy which produces domestic traded goods, denoted by a superscript
H, and non-traded goods, denoted by a superscript IN. The foreign-produced traded good is the
numeraire and its price is normalized to 1. We consider an initial steady-state where prices are those
at the base year so that initially real GDP, denoted by Yy, and the value added share at constant
prices, denoted by v¥+, collapse to nominal GDP (i.e., Y) and the value added share at current
prices, respectively.

Summing value added at constant prices across sectors gives real GDP:

Yr.=PEY” + PNYN, (55)

where P and PV stand for the price of home-produced traded goods and non-traded goods,
respectively, which are kept fixed since we consider value added at constant prices.

Log-linearizing (55), and denoting the percentage deviation from initial steady-state by a hat
leads to:

V= vy 4+ (10" ) YN, (56)
where vV H = % is the value added share of home-produced traded goods evaluated at the
initial steady-state. We drop the time index below as long as it does not cause confusion.

Capital K7 can be freely reallocated across sectors while labor L7 is subject to mobility costs
which creates a sectoral wage differential. We denote the capital rental cost by R and the wage rate
in sector j by W/ (with j = H, N). Under assumption of perfect competition in product and input
markets, factors of production are paid their marginal product in both sectors:

QY )
J — T/
Pl =W, (57a)
- 0YI
pI - =
K (57b)

Assuming constant returns to scale in production and making use of (57), the log-linearized versions
of the production function reads:

¥ =20l (1- ) K7, (58)

where s]L and Z7 are the labor income share and TFP in sector j, respectively.

Using the fact that WL = WHLH + WNLN and RK = RK" + RKY, dividing both sides
of these identities by GDP enables us to express the aggregate labor income share, sp, and capital
income share, 1 — sy, as a weighted sum of sectoral factor income shares:

sp =vO s 4+ (1 -V H) sy, (59a)

L—sp=v"" (1—s)+ (1 -v") (1-s7). (59b)

Since we assume perfect capital mobility, the resource constraint for capital reads as follows K =
K" + KN, Totally differentiating, multiplying both sides by the capital rental cost R, and dividing
by GDP leads to:

(1—5L)IA(:VY’H(1—35)IA(H+(1—1/Y’H) (1—55)1%1\’. (60)

The same logic applies to labor except that we assume imperfect mobility of labor across sectors.
In this case, the percentage deviation of total hours worked relative to its initial steady-state is

defined as the weighted sum of the percentage deviation of sectoral hours worked relative to initial
~ A A HpH
steady-state, i.e., L = ar L + (1 — ar) LY, where af, = Wwf is the labor compensation share for

tradables. Multiplying both sides by total compensation of employees, W L, and dividing by GDP
leads to:

spL=vVHHLH 4 (1— ") SNIN. (61)
Inserting (58) into (56):
?R = {VY’HZH + (1 — I/Y’H) ZN] + [VY’HsfﬁH + (1 — VY’H) sgﬁN}
[P (= s K (1= 07 (1= s)) BN
Next plugging (60) and (61) into the above equation and denoting aggregate TFP by Z4 leads to:
Ye=2%+s,L+(1-s.)K, (62)

where we set . R R
ZA =y HZH 4 (10" ) ZN. (63)

Eq. (63) corresponds to eq. (1) in the main text.
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C Construction of Sectoral Shares

In this section, we provide more details about the construction of sectoral shares. Dropping the
country index ¢, in an economy where labor is imperfectly mobile across sectors, the percentage
deviation of total hours worked relative to its initial steady-state (i.e., IA/t) following a technology
shock is equal to the weighted sum of the percentage deviation of sectoral hours worked relative to
initial steady-state (i.E., L7):

Li=oarLf + (1 —ap) LY. (64)

where a7y, is the labor compensation share of tradables. If we subtract the share of higher total hours
worked received by each sector from the change in sectoral hours worked, we obtain the change in
the labor share of sector j, denoted by v%7, which measures the contribution of the reallocation of
labor across sectors to the change in hours worked in sector j:*2

Al = ol . (i{ - it) j=H,N. (65)

The differential between the responses of sectoral and total hours worked on the RHS of eq. (65) can
be viewed as the change in labor in sector j if L remained fixed and thus reflects higher employment
in this sector resulting from the reallocation of labor. Eq. (65) corresponds to eq. (5) in the
main text.
If we subtract the share of higher real GDP received by each sector from the change in sectoral
value added in GDP units, we obtain the change in the value added share at constant prices of
; Y, ; .
sector j, denoted by v, *’, which reads as follows:

duty’j =¥ (Ytj - f’R,t) ) (66)

where Yg is real GDP. A rise in the value added share at constant prices of sector j can be brought
about by a high productivity growth relative to average, and/or a labor inflow, and/or a greater
capital intensity. Formally, the decomposition of the change in the value added share of sector j

reads:
af =i (2= 20) + (B - L) + (1= o) (K~ k)] (67)

where Z4 is aggregate TFP growth defined by eq. (63) and s]L is the LIS in sector j; k/ = KJ/LJ
stands for the capital-labor ratio in sector j and k = K/L is the aggregate capital-labor ratio where
K=Kf4+KNandL=L (LH JLN ) (since we assume IML and sectoral hours worked are aggregated
by means of a CES function). Eq. (67) corresponds to eq. (6) in the main text.

To obtain (67), we proceed as follows. First, the percentage change in real GDP is a weighted sum
of the percentage change in sectoral value added at constant prices: Yr=vVYHYH 4 (1 — ¥ ) YN,
Subtracting the percentage change in real GDP from both sides, changes in sectoral value added
shares cancel out:

0= ¥ (thH _ YRJ) + (1 - ") (YtN — YR,t) = dv) "+ av)” V. (68)

Second, we use the fact that the percentage change in real GDP and the percentage change in
sectoral value added can be rewritten as Yz = Z4 + L+ (1—sp) kand Y9 = 29 + L7 + (1 — SJL) ki,
respectively. Inserting these equations into the sectoral decomposition of the percentage change in
real GDP and making use of (59b), we find that:

0 = v [(ZtH - Z;“) + (L{’ —it) +(1—s) (l%f’ - kt)}
(=) [(ZY = 20) + (B = L) + (1= s2) (WY — )] (69)

From (69) and (68), we have (67).

Because we assume perfect mobility of capital across sectors, we have K = K¥ + K~ . Log-
linearizing the resource constant for capital and denoting ax = RK” /RK = K /K the share of
traded capital into the aggregate capital stock, leads to:

Ky =agKE + (1 —ag)KYN. (70)
Subtracting (64) from (70) and assuming that ax ~ ay, leads to:

Kt—ﬁt:kt:aLiﬁtH—&-(l—aL)H\[,

42While the two measures are equivalent in level, we differentiate between v/ and o, since the change
in the labor share is calculated by keeping W7 /W constant.
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where k/ = K7 /L7. Subtracting k; from I%fl by using the above equation leads to:
R == (= ar) (=R (71)

Assumption ag ~ ap amounts to assuming that the LIS in sector j is close to the aggregate LIS
which is defined as a value added weighted average of sectoral LIS. For the whole sample, we have
s =0.63 and s = 0.69 while the aggregate LIS stands at 0.66 which makes assumption ax ~ ay,
reasonable.

D Data Description for Empirical Analysis

Coverage: Our sample consists of a panel of 17 countries: Australia (AUS), Austria (AUT),
Belgium (BEL), Canada (CAN), Denmark (DNK), Finland (FIN), France (FRA), Germany (DEU),
Ireland (IRL), Italy (ITA), Japan (JPN), the Netherlands (NLD), Norway (NOR), Spain (ESP),
Sweden (SWE), the United Kingdom (GBR) and the United States (USA). The baseline period
is running from 1970 to 2013, except for Japan (1974-2013). Although sectoral data are available
over the period 1970-2015 (see below), our preferred time span is 1970-2013. The reason is that all
quantity variables entering the VAR model are scaled by the working age population for which data
are spotty for last years, making it impractical to work with it for periods that extend after 2013.

Sources: Our primary sources for sectoral data are the OECD and EU KLEMS databases. We
use data from EU KLEMS ([2011], [2017]) March 2011 and July 2017 releases. The EU KLEMS
dataset covers 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], [2017]). For both EU KLEMS and STAN databases, the March 2011 release
provides data for eleven 1-digit ISIC-rev.3 industries over the period 1970-2007 while the July 2017
release provides data for thirteen 1-digit-rev.4 industries over the period 1995-2013.

The construction of time series for sectoral variables over the period 1970-2013 involves two steps.
First, we identify tradable and non-tradable 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 the financial sector as a traded industry. We map the ISIC-rev.4 classification into the
ISIC-rev.3 classification in accordance with the concordance Table 7. Once industries have been
classified as traded or non-traded, for any macroeconomic variable X, its sectoral counterpart X7
for j = H, N is constructed by adding the X of all sub-industries k classified in sector j = H, N as
follows X7 =3, ; Xk Second, series for tradables and non-tradables variables from EU KLEMS
[2011] and OECD [2011] databases (available over the period 1970-2007) are extended forwards
up to 2013 using annual growth rate estimated from EU KLEMS [2017] and OECD [2017] series
(available over the period 1995-2013).

Table 7: Summary of Sectoral Classifications

Sector ISIC-rev.4 Classification ISIC-rev.3 Classification
(sources: EU KLEMS [2017] and OECD ([2017]) (sources: EU KLEMS [2011] and OECD ([2011])
Industry Code Industry Code
Agriculture, Forestry and Fishing A Agriculture, Hunting, Forestry and Fishing AtB
Mining and Quarrying B Mining and Quarrying C
Tradables | Total Manufacturing C Total Manufacturing D
(H) Transport and Storage H Transport, Storage and Communication I
Information and Communication J
Financial and Insurance Activities K Financial Intermediation J
Electricity, Gas and Water Supply D-E Electricity, Gas and Water Supply E
Construction F Construction F
Wholesale and Retail Trade, Repair
Non of Motor Vehicles and Motorcycles G Wholesale and Retail Trade G
Tradables | Accommodation and Food Service Activities I Hotels and Restaurants H
(N) Real Estate Activities L Real Estate, Renting and Business Services K
Professional, Scientific, Technical,
Administrative and Support Service Activities | M-N
Community Social and Personal Services O-U Community Social and Personal Services LtQ

Relevant to our work, the EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017])
databases provide data, for each industry and year, on value added at current and constant prices,
permitting the construction of sectoral deflators of value added, as well as details on labor compensa-
tion and hours worked data, allowing the construction of sectoral wage rates. All quantity variables
are scaled by the working age population (15-64 years old). Source: OECD ALFS Database for the
working age population (data coverage: 1970-2013). We describe below the construction for the
sectoral data employed in the main text (mnemonics are given in parentheses):
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e Sectoral value added, Y7: sectoral value added at constant prices in sector j = H, N
(VA_QI). Sources: EU KLEMS ([2011], [2017]) and OECD STAN (]2011], [2017]) databases.

e Relative value added, Y# /YV: ratio of traded value added to non-traded value added at
constant prices.

e Sectoral value added share, v¥7: ratio of value added at constant prices in sector j to

GDP at constant prices, i.e., Y7 /(Y +YN) for j = H,N.

e Relative price of non-tradables, P: ratio of the non-traded value added deflator to the
traded value added deflator, i.e., P = PV /PH. The sectoral value added deflator P’ for
sector j = H, N is calculated by dividing value added at current prices (VA) by value added
at constant prices (VA_QI) in sector j. EU KLEMS ([2011], [2017]) and OECD STAN ([2011],
[2017]) databases.

e Terms of Trade, P/P: ratio of the traded value added deflator to price deflator of
imports of goods and services, i.e., P /P¥. The traded value added deflator P is calculated
by dividing value added at current prices (VA) by value added at constant prices (VA_QI)
in sector H. Sources: EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) for P#
and OECD National Accounts Database for PF.

e Sectoral hours worked, L’: total hours worked by persons engaged in sector j (H.EMP).EU
KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases.

e Relative hours worked, L /L": ratio of hours worked in the traded sector to hours worked
in the non-traded sector.

e Sectoral labor share, v77:
Li)(L" + LN) for j = H,N.

ratio of hours worked in sector j to total hours worked, i.e.,

e Sectoral real consumption wage, Wé nominal wage in sector j divided by the consumer
price index (CPI), i.e. Wé = WJ/Pqs. Source: OECD Prices and Purchasing Power Parities
for the consumer price index. The sectoral nominal wage W7 for sector j = H, N is calculated
by dividing labor compensation in sector j (LAB) by total hours worked by persons engaged
(H.EMP) in that sector. Labor compensation is total labor costs that include compensation

of employees and labor income of the self-employed and other entrepreneurs. Sources: EU
KLEMS (]2011], [2017]) and OECD STAN ([2011], [2017]) databases.

e Relative wage: ratio of the nominal wage in the sector j to the aggregate nominal wage W,
i.e., Wi/W.

e Labor income share (LIS), SJL ratio of labor compensation in sector j = H, N (LAB) to
value added at current prices (VA) of that sector. Sources: EU KLEMS ([2011], [2017]) and
OECD STAN ([2011], [2017]) databases.

e Capital-labor ratio, k7: ratio of capital stock in sector j = H, N to total hours worked
by persons engaged in that sector (H.EMP). Aggregate capital stocks are estimated from the
perpetual inventory approach by using real gross capital formation from OECD Economic
Outlook Database (data in millions of national currency, constant prices) and assuming a
depreciation rate of 5%. Following Garofalo and Yamarik [2002], the capital stock is then
allocated to traded and non-traded industries by using sectoral output shares K7 = wY7/ K
where w7 is the value added share of sector j at current prices, see Appendix G.7. Sources:

EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases.
e Relative productivity of tradables, Z : labor share-adjusted ratio of traded TFP Z#

g1—1

to the non-traded TFP ZV, ie. Z = (ZH)G/ (ZN)b where a = |(1 —ay) + a,;j—h , and
L
b= az—g. Sectoral TFPs Z7 for j = H, N are constructed as Solow residuals from constant-
L

price domestic currency series of value added (VA_QI), capital, LIS 32, and hours worked
(H.EMP) in sector j. st is the ratio of the compensation of employees (LAB) to value added
(VA) in sector j = H, N, averaged over the period 1970-2013 (except Japan: 1974-2013).
Sources: EU EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases. aj
is the tradable share in total investment expenditure averaged over the period 1970-2013.
Source: OECD Input-Output database [2017].

In the following, we provide details on data construction for aggregate variables (mnemonics are
in parentheses):

e Gross domestic product, Yg: real gross domestic product (GDPV). Source: OECD Eco-
nomic Outlook Database. Data coverage: 1970-2013.
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e Total hours worked, L: total hours worked by persons engaged (H.EMP). Sources: EU
KLEMS (]2011], [2017]) and OECD STAN ([2011], [2017]) databases.

e Real consumption wage, W¢o = W/Pc: nominal aggregate wage divided by the consumer
price index (CPI). Source: OECD Prices and Purchasing Power Parities for the consumer
price index. The nominal aggraget wage is calculated by dividing labor compensation (LAB)
by total hours worked by persons engaged (H.EMP). Sources: EU KLEMS ([2011], [2017])
and OECD STAN ([2011], [2017]) databases.

E Data for Calibration

E.1 Non-Tradable Content of GDP and its Components

Table 4 shows the non-tradable content of GDP, consumption, investment, government spending,
labor and labor compensation (columns 1 to 6). In addition, it gives information about the sec-
toral labor income shares (columns 10 and 11). The home content of consumption and investment
expenditure in tradables together with the ratio of final goods imports to GDP are reported in
columns 7 to 9. Columns 12 to 14 display the labor income share, investment-to-GDP ratio and
government spending in % of GDP, respectively, for the whole economy. Our sample covers the
17 OECD countries mentioned in Section B. Our reference period for the calibration corresponds
to the period 1970-2013. The choice of this period has been dictated by data availability. In the
following, statistics for the sample as a whole represent (unweighted) averages of the corresponding
variables.

To calculate the non-tradable share of value added (column 1), labor (column 5) and labor
compensation (column 6), 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]. Details about data construction for sectoral output and sectoral labor are provided above.
We calculate the non-tradable share of labor compensation as the ratio of labor compensation
in the non-traded sector (i.e., WY LY) to overall labor compensation (i.e., WL). Sources: EU
KLEMS (]2011], [2017]) and OECD STAN ([2011], [2017]) databases. Data coverage: 1970-2013
for all countries (except Japan: 1974-2013). The non-tradable content of GDP, labor and labor
compensation, shown in columns 1, 5 and 6 of Table 4, average to 60%, 63% and 63% respectively.

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) pub-
lished by the United Nations (Source: United Nations [2017]). 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
and Routine Maintenance of the House” and ” Transport”. The remaining items are treated as con-
sumption in non-traded goods: ”"Housing, Water, Electricity, Gas and Fuels”, "Health”, ” Commu-
nications”, ”Recreation and Culture”, ”Education”, ” Restaurants and Hotels”. Because the item
”Miscellaneous Goods and Services” is somewhat problematic, we decided to consider it as both
tradable (50%) and non-tradable (50%) with equal shares. Data coverage: AUS (1970-2013), AUT
(1995-2013), BEL (1995-2013), CAN (1981-2013), DEU (1995-2013), DNK (1970-2013), ESP (1995-
2013), FIN (1975-2013), FRA (1970-2013), GBR (1995-2013), IRL (1995-2013), ITA (1995-2013),
JPN (1994-2013), NLD (1995-2013), NOR (1970-2013), SWE (1993-2013) and USA (1970-2013).
The non-tradable share of consumption shown in column 2 of Table 4 averages to 53%.

To calculate the non-tradable share of investment expenditure, we follow the methodology pro-
posed by Burstein et al. [2004] who treat ”Total Construction” as non-tradable investment and
”Transport Equipment”, "ICT Equipment”, ”Cultivated Biological Resources”, ”Intellectual Prop-
erty Product” as tradable investment expenditure. The item ”Other machinery and equipment and
weapon system” is considered as both tradable (50%) and non-tradable (50%) with equal shares.
Source: OECD Input-Output database [2017]. Data coverage: AUS (1970-2013), AUT (1995-2013),
BEL (1995-2013), CAN (1970-2013), DEU (1995-2013), DNK (1970-2013), ESP (1995-2013), FIN
(1980-2013), FRA (1978-2013), GBR (1997-2013), IRL (1995-2013), ITA (1995-2013), JPN (1994-
2013), NLD (1995-2013), NOR (1970-2013), SWE (1993-2013) and USA (1970-2013). non-tradable
share of investment shown in column 3 of Table 4 averages to 62%, in line with estimates provided
by Burstein et al. [2004] and Bems [2008].

Sectoral government expenditure data (at current prices) are taken from the OECD General
Government Accounts database (Source: COFOG, OECD [2017]). The following four items per-
taining to ”Economic Affairs” are treated as traded: ”Fuel and Energy”, ” Agriculture, Forestry,
Fishing, and Hunting”, ”Mining, Manufacturing, and Construction”, ” Transport and Communica-
tions”. Items treated as non-traded are: ”General Public Services”, ”"Defence”, ” Public Order and
Safety”, ” Environment Protection”, ”Housing and Community Amenities”, ”Health”, ” Recreation,
Culture and Religion”, ”Education” and ”Social Protection”. Data coverage: AUS (1998-2013),
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AUT (1995-2013), BEL (1995-2013), DEU (1995-2013), DNK (1995-2013), ESP (1995-2013), FIN
(1990-2013), FRA (1995-2013), GBR, (1995-2013), IRL (1995-2013), ITA (1995-2013), JPN (2005-
2013), NLD (1995-2013), NOR (1995-2013), SWE (1995-2013) and USA (1970-2013). Data are not
available for CAN. Thus, for this country, when we calibrate the model to each OECD country, we
choose a non-tradable content of government expenditure that is given by the unweighed average,
i.e., 0.90, as can be seen in column 4 of Table 4.

To compute the home content of consumption and investment expenditure in tradables, we use
the Comtrade database from the United Nations. There are three basic classes of goods in SNA
in the categories of classification of Broad Economic Categories (BEC): capital goods, intermediate
goods and consumption goods. Since we focus on sectoral value added and its final use, we exclude
intermediate goods. The sum of capital and consumption goods imports as a share of GDP averages
10.4% as can be seen in column 7 of Table 4. When we calibrate the model to a representative OECD
economy, we assume that trade is initially balanced. This assumption is roughly consistent with
the data which indicate that exports of consumption and capital goods as a share of GDP average
10.8%. Excluding trade on intermediate goods, the Comtrade database enables us to construct time
series for the content of imports in consumption goods, C¥'/M* and investment goods, J¥/MF .
Since we can compute consumption and investment goods as a share of GDP, i.e., C¥'/Y and JF /Y,
we can determine the import content of consumption and investment expenditure in tradables, by
using the following decomposition:

F F
H_ ¢ = S , (72a)

PHCH Y wooc

H JE JE 1

1— = = — 2
Y TPEIE T Y wray’ (720

l1—«

where we = 1 — wy — wg with w; and wg shown in columns 13 and 14 of Table 4; the tradable
content of consumption expenditure, a, can be calculated by using column 2 which gives 1 — a¢.
Once we have computed 1 — o and 1 — 045{ , we can compute the home content of consumption
and investment expenditure in tradables which are shown in columns 8 and 9. The home content
of consumption expenditure in tradables, o, averages 77% while the home content of investment
expenditure in tradables, o/f , averages 51%. Source: United Nations Comtrade database [2017].
Data coverage: 1998-2013 for all countries. _

The labor income share for sector j denoted by s/ is calculated as the ratio of labor compensation
of sector j to value added of sector j at current prices. Sources: EU KLEMS ([2011], [2017]) and
OECD STAN ([2011], [2017]) databases. Data coverage: 1970-2013 for all countries (except Japan:
1974-2013). As shown in columns 10 and 11 of Table 4, s¥ and s average 0.63 and 0.68, respectively.

Column 12 of Table 4 gives the aggregate labor income share which averages 0.66 in our sample.
Columns 13 and 14 of Table 4 display gross capital formation and final consumption expenditure of
general government as a share of GDP, respectively. Source: OECD National Accounts Database.
Data coverage: 1970-2013 for all countries.

Columns from 15 to 19 of Table 4 display estimates of the elasticity of substitution between
tradables and non-tradables in consumption, ¢, the elasticity of labor supply across sectors, €, the
elasticity of substitution between capital and labor in the traded and the non-traded sector, i.e., o
and o¥, respectively, the elasticity of exports w.r.t. the terms of trade, ¢x. In subsections E.4 and
E.5, we detail the empirical strategy to estimate these parameters, except for the price elasticity
of exports shown in the last column of Table 4 whose estimates are taken from Imbs and Mejean
2015].

Because data source and construction are heterogenous across variables as a result of different
nomenclatures, Table 8 provides a summary of the classification adopted to split value added and
its demand components as well into traded and non-traded goods.

E.2 Response of Hours Worked to Asymmetric and Symmetric Technol-
ogy Shocks across Sectors

We explore empirically below the response of total hours worked to the asymmetric technology
shock because this variable receives a lot of attention in the literature pioneered by Gali [1999]. We
consider the VAR model which includes aggregate variables such a real GDP, total hours worked,
the real consumption wage in addition to the productivity differential ordered first. Interestingly,
a shock to the ratio of traded to non-traded TFP increases significantly hours worked. While it
is beyond the scope of this article, we estimated the response of hours worked to a symmetric
technology shock across sectors (i.e., a shock to Z4 leaving unchanged the ratio Z7/ZV and we
find empirically that hours worked decline substantially, see Fig. 10(b). The discrepancy in the
response of hours worked between symmetric and asymmetric technology shocks is caused by the
reallocation incentives we focus on in this work. While a technology shock biased toward the traded
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Figure 10: Dynamic Adjustment of Hours Worked: Empirical vs. Theoretical IRF. Notes:
Fig. 10(a) contrasts the empirical response of total hours worked shown in the blue line with the baseline model’s
prediction with FBTC displayed by the black line with squares. The dashed red line shows the theoretical response
from the reference model for the calibration with Cobb-Douglas production functions and HNTC. Fig. 10(b) shown
empirical responses of total hours worked to identified symmetric (black line) and asymmetric (blue line) technology
shocks across sectors. Sample: 17 OECD countries, 1970-2013, annual data.

sector appreciates the relative price of non-tradables and has an expansionary effect on hiring by
non-traded firms, a symmetric technology shock across sectors depreciates the relative price of non-
tradables which lowers the share of non-tradables in expenditure and thus exerts a negative impact
on labor demand by non-traded firms. Since the labor share of non-tradables is two-third, more
hiring in this sector increases total hours worked while less incentives to hire in this sector lower total
hours worked. In this regard, the gross complementarity between traded and non-traded goods and
the gross substitutability between home- and foreign-produced traded goods play a pivotal role in
the response of total hours worked to aggregate technology shocks. In addition, as mentioned in the
main text, aggregate technology shocks are a combination of asymmetric and symmetric technology
shocks whose contribution varies over time, and thus the response of hours worked is most likely to
increase over time because the contribution of asymmetric technology shocks increases.

Empirical and theoretical impulse response functions are contrasted in Fig. 10(a). Empirical
responses are displayed by solid blue lines and theoretical responses from the baseline model with
FBTC are displayed by the solid black lines with squares. The dashed red line shows model’s predic-
tions when we consider Cobb-Douglas production functions which correspond to the normalization
point (since we normalize CES production functions by taking the steady-state in a Cobb-Douglas
economy as the reference point). We set o7, to 1.6 in order to let the reference model with Cobb-
Douglas production functions reproduce the impact response of total hours worked. While the
impact response is almost identical, the baseline model reproduces well the dynamics of total hours
worked while the model with Cobb-Douglas production functions somewhat understates the growing
time profile of total hours worked.

E.3 Technology Shock Biased toward Tradables

Once the model has been calibrated to reproduce the key features of a representative OECD economy,
we have to generate shocks to sectoral TFP which are in line with the data. To determine the
dynamic adjustment of Z7 following a long-run permanent increase in Z by 1%, we first estimate
the VAR model that includes government final consumption expenditure, real GDP, total hours
worked, and the real consumption wage and identify technology shocks as shocks that increase
permanently the weighted ratio of traded relative to non-traded TFP. Then, we consider a VAR
model in panel format on annual data that includes identified technology shocks, eZ, ordered first,
TFP in the traded sector, Z{g, TFP in the non-traded sector, Zz{f, and the ratio of TFP, Z;;, where
all variables are measured in growth rate. We estimate the VAR model xft = [eiZt, ZAg ,ZAfX ,Zit]
and adopt a Cholesky decomposition. While the weights a and b are assumed to be constant over
time, we find a slight discrepancy in the estimated technology shock biased toward the traded sector
because Z; slightly differs from the weighted average aZf - ngV . We thus take the following route.

We compute ZAtN at various horizons by using the following formula ng _ o2l =2 so that the
asymmetric technology shock is equal to the labor share-adjusted TFP differential at each point
of time. It is worth mentioning that the difference between the actual and rescaled response of
non-traded TFP is negligible.

To replicate the dynamics of sectoral TFP we estimate empirically, we assume that the adjust-
ment of labor and capital efficiency follows a continuous time autoregressive path:

Ay~ Al =aie ¥, Bi(t)- B =be ", (73)
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Figure 11: Dynamic Adjustment of Sectoral TFP following a 1% Permanent Increase in
Traded relative to non-traded TFP: Empirical vs. Theoretical IRF. Notes: The empirical responses
of TFP in the traded sector (i.e., ZH) and non-traded sector (i.e., Z) to the identified (in the baseline VAR model)
technology shock biased toward the traded sector are displayed by solid blue lines with shaded area indicating the
90 percent confidence bounds obtained by bootstrap sampling; the model’s prediction is shown in the solid black line
with squares. Sample: 17 OECD countries, 1970-2013, annual data.

where & > 0 measures the speed at which productivity closes the gap with its long-run level. When
parameters a’ or b’ take negative values, productivity undershoots its new steady-state value on
impact. Log-linearizing the technology frontier (32) around the initial steady-state leads to:

2() = s, 0+ (1-5,) B, (74)

where 81 is the LIS in sector j at the initial steady-state. Inserting (73) into (74) and using the
fact the ZJ = si/lj + (1 — SJL) Bi in the long+run enables us to map the dynamics for labor and

capital efficiency into the law of motion for sectoral TFP:

2i(t) — 27 = e ¢, (75)

where 77 = si&j + (1 — S]L) b/. We choose a’, b/ by setting t = 0 into (73) which yields @ =
— (/17 — flj(O)), and b = — (BJ — Bi (0)) Making use of the time series generated by (46a) and

(46b) gives us a'’ = —0.029840, b = —0.202769, a™ = 0.234035, b = —0.500629. To determine
the value for the speed of adjustment of sectoral TFP, we solve (75) for £7:

&=l (Zj(t)J,‘ Zj) | (76)

z

We choose time ¢ for which we calculate &7 that gives us the best fit of the response of VA (t) estimated
empirically. Setting ¢t = 3 leads to £ = 0.570885 for the traded sector and ¢V = 1.166821 for the
non-traded sector which gives us the best fit of the response of Zi(t (t) estimated empirically.

Given the values for 27, &/ and Z7, we can compute the transitional path for Z7(¢) by using
(75) and thus the dynamlcs for the productivity differential (47) where we assume that weights a
and b are constant over time. In Fig. 11, we contrast empirical shown in blue lines with theoretical
responses displayed by the solid black lines with squares. We may notice that the law of motion
(75) we impose to capture the dynamic adjustment of sectoral TFPs allows us to reproduce very
well responses of Z7(t) we estimate empirically. When we calibrate the model to country-specific
data, we adopt the same approach as for the calibration to a representative economy.

E.4 Estimates of ¢ and ¢: Empirical strategy

Table 9 shows our estimates of the elasticity of labor supply across sectors, €, while Table 10 shows
our estimates of the elasticity of substitution in consumption between traded and non-traded goods,
¢. We present our empirical strategy to estimate these two parameters. More details can be found
in Appendix F.3 and F.2, respectively.

Elasticity of labor supply across sectors. Drawing on Horvath [2000], we derive a testable
equation by combining optimal rules for labor supply and labor demand and estimate € by running
the regression of the worker inflow in sector j = H, N of country 7 at time ¢ arising from labor
reallocation across sectors computed as L it LZ + on the relative labor’s share percentage changes

in sector j, Bft
Liy = Lip = fit i+ 70 +viy (77)
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Table 9: Estimates of Elasticity of Labor Supply across Sectors (€)

Country Elasticity of labor supply
across Sectors (€), eq. (77)
AUS 0.375
(3.20)
AUT 1.103¢
(3.00)
BEL 0.610
(3.57)
CAN 0.390“
(4.12)
DEU 1.012¢
(3.52)
DNK 0.286“
(2.50)
ESP 1.015%
(3.73)
FIN 0.431¢
(4.39)
FRA 1.400*
(2.83)
GBR 0.601¢
(3.91)
IRL 0.216“
(3.74)
ITA 1.664¢
(3.01)
JPN 0.873%
(3.55)
NLD 0.219°
(2.05)
NOR 0.011
(0.34)
SWE 0.534“
(4.28)
USA 3.222¢
(1.83)
Countries 17
Observations 1456
Data coverage 1971-2013
Country fixed effects yes
Time trend no

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

where Vf,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 (77) is calculated as the
difference between changes (in percentage) in hours worked in sector j, Lz,t, and in total hours

worked, f/,t The RHS term /37 corresponds to the fraction of labor’s share of value added accu-
mulating to labor in sector j. Denoting by P/Y, value-added at current prices in sector j = H, N

s3 Ply] i . .
Lot t where s} is the LIS in sector j = H, N defined as the

at time ¢, 3/ is computed as =kt
G=m ST P Y:
ratio of the compensation of employees to value added in the jth sector, averaged over the period
1970-2013. Because hours worked are aggregated by means of a CES function, total hours percent-
age change I:i,t is calculated as a weighted average of sectoral hours worked percentage changes,
ie., L = E;V: i ﬁg_lﬁg . The parameter we are interested in, the degree of substitutability of hours
worked across sectors, is given by ¢; = v;/(1 — ;). In the regressions that follow, the parameter ~;
is assumed to be different across countries when estimating e for each economy (; # v for @ # i’).
To construct L7 and 3/ we combine raw data on hours worked L7, nominal value added P7Y7 and
labor compensation W7 L. All required data are taken from the EU KLEMS ([2011], [2017]) and
OECD STAN ([2011], [2017]) databases. The sample includes the 17 OECD countries mentioned
above over the period 1971-2013 (except for Japan: 1975-2013). Table 9 reports empirical estimates
that are consistent with € > 0. All values are statistically significant at 10%, except for Norway.
Overall, we find that e ranges from a low of 0.01 for NOR to a high of 3.222 for USA.
Elasticity of substitution between traded and non-traded goods in consumption. To
estimate the elasticity of substitution in consumption, ¢, between traded and non-traded goods,
we derive a testable equation by rearranging the optimal rule for optimal demand for non-traded

N\~
goods, i.e., OF = (1 —¢) (;)é t) C}, since time series for consumption in non-traded goods are

too short. More specifically, we derive an expression for the non-tradable content of consumption
expenditure by using the market clearing condition for non-tradables and construct time series for
1 — ac+ by using time series for non-traded value added and demand components of GDP while
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keeping the non-tradable content of investment and government expenditure fixed, in line with the
evidence documented by Bems [2008] for the share of non-traded goods in investment and building
on our own evidence for the non-tradable content of government spending. After verifying that the
(logged) share of non-tradables and the (logged) ratio of non-traded prices to the consumption price
index are both integrated of order one and cointegrated, we run the regression by adding country
and time fixed effects by using a FMOLS estimator. We consider two variants, one including a
country-specific time trend and one without the time trend. We provide more details below.

—¢
Multiplying both sides of CN = (1 — ) (;i) C; by PN /Pc leads to the non-tradable
content of consumption expenditure:
pNcY PN\
1— =t 7t _(1_ —t X 78
0= Py ) (Pc,t> (%)

Because time series for non-traded consumption display a short time horizon for most of the countries
of our sample while data for sectoral value added and GDP demand components are available for all
of the countries of our sample over the period running from 1970 to 2013, we construct time series
for the share of non-tradables by using the market clearing condition for non-tradables:

PtNC’tN _ 1 PtNYtN
PC,tCt wet . Y,

— (1 - OéJ) Wit — wWEgN .a)G7t:| . (79)

Since the time horizon is too short at a disaggregated level (for I/ and G7) for most of the countries,

we draw on the evidence documented by Bems [2008] which reveals that 1 —a” = £ ;,V JJJN is constant
over time; we further assume that £ NGGN = wgn is constant as well in line with our evidence. We

thus recover time series for the share of non-tradables by using time series for the non-traded value
added at current prices, PY;Y, GDP at current prices, Y;, consumption expenditure, gross fixed
capital formation, I;, government spending, G; while keeping the non-tradable content of investment
and government expenditure, 1 — a7, and wgw, fixed.

N ~N
Once we have constructed time series for 1 —ac,; = f}c fCéf by using (79), we take the logarithm

of both sides of (78) and run the regression of the logged share of non-tradables on the logged ratio
of non-traded prices to the consumption price index:

In(1-acu)=fi+fi+tat+(1—-0¢)n (PN/PC)“ + it (80)

where f; captures the country fixed effects, f; are time dummies, and p;4 are the i.i.d. error terms.
Because parameter ¢ in (78) may display a trend over time, we add country-specific trends, as
captured by o;t. It is worth mentioning that P is the value added deflator of non-tradables.

Data for non-traded value added at current prices, PtN YtN and GDP at current prices, Y;, are
taken from EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases (data coverage:
1970-2013 for all countries, except Japan: 1974-2013). To construct time series for consumption,
investment and government expenditure as a percentage of nominal GDP, i.e., we, wy: and wg ¢
respectively, we use data at current prices obtained from the OECD Economic Outlook Database
(data coverage: 1970-2013). Sources, construction and data coverage of time series for the share of
non-tradables in investment (1 — a;y) and in government spending (wg~) are described in depth in
section D; PV is the value added deflator of non-tradables. Data are taken from EU KLEMS ([2011],
[2017]) and OECD STAN ([2011], [2017]) databases (data coverage: 1970-2013 for all countries,
except Japan: 1974-2013). Finally, data for the consumer price index Pc; are obtained from the
OECD Prices and Purchasing Power Parities database (data coverage: 1970-2013).

Since both sides of (80) 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) procedure for cointegrated panel proposed by
Pedroni [2000], [2001]. FMOLS estimates of (80) are reported in Table 10. When we include a
country-specific time trend, the vast majority (15 out of 17) of the FMOLS estimated coefficients
are positive; yet, only ten out of seventeen are statistically significant: AUS, AUT, CAN, DEU,
DNK, ESP, IRL, JPN, NOR, USA. We thus also run the same regression as in eq. (80) by ignoring
country-specific time trends. We replace inconsistent (i.e., negative or no statistically significant)
estimates for ¢ when adding a country-specific time trend with those obtained when we excluded
the country-specific time trend. Except for GBR for which estimates are negative in both cases
and BEL for which estimates are not statistically significant, one out of the two regressions leads to
consistent estimates for the elasticity of substitution. For the countries mentioned below, estimates
for ¢ obtained with a time trend are replaced with those when we drop the time trend: ¢ = 0.852
(t = 8.97) for FIN, ¢ = 0.885 (t = 2.76) for FRA, ¢ = 0.723 (t = 5.54) for ITA, ¢ = 0.526 (t = 2.89)
for NLD and ¢ = 0.5123 (¢ = 2.59) for SWE. For BEL, we take the estimate obtained when we
remove country-specific time trend (i.e. ¢ = 1.236) since the t-stat is close to the threshold of 10%.
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Table 10: Elasticity of Substitution between Tradables and Non-Tradables (¢)

Country Elasticity of substitution
between CT and CV (¢) , eq. (77)
AUS 0.396"
(2.25)
AUT 1.518%
(6.35)
BEL 1.236"
(1.29)
CAN 0.748*
(4.32)
DEU 0.577¢
(2.79)
DNK 1.083%
(3.77)
ESP 1.387"
(2.19)
FIN 0.852%
(8.97)
FRA 0.885%*
(2.76)
GBR 0
IRL 1.352¢
(3.70)
ITA 0.723%*
(5.54)
JPN 1.052%
(5.12)
NLD 0.526%*
(2-89)
NOR 0.891¢
(3.33)
SWE 0.513%*
(2.59)
USA 0.821¢
(3.73)
Whole Sample 0.662%/0.333%*
(12.03) " (6.05)
Countries 17
Observations 739
Data coverage 1970-2013
Country fixed effects yes
Time trend yes

Notes: ¢, ® and ¢ denote significance at 1%, 5% and 10% levels. Heteroskedas-
ticity and autocorrelation consistent t-statistics are reported in parentheses.
The superscript * indicates that the estimate is obtained in a regression
without a country-specific linear time trend.

For GBR, the estimate is negative whether there is a time trend in the regression or not and thus
we set ¢ to zero for the rest of the analysis for this country. Table 10 shows estimates for ¢ for
each country. We add the superscript * when estimates come from regression (80) without country-
specific linear time trend. The last line of Table 4 reveals that ¢ stands at 0.66 when adding a time
trend while the estimate for the parameter is twice as small when dropping the time trend. The
unweighted average of these two estimates, say 0.49, is close to the value of ¢ which is commonly
set in the international RBC literature and taken from Stockman and Tesar [1995] who find a value
for ¢ of 0.44. One point merits comments. When running eq. (80), data for the RHS variable,
ie. PN /Pc, have a good coverage for all countries of our sample. Indeed, we are able to cover
our baseline period 1970-2013 for this variable (except for JPN: 1974-2013). By contrast, the LHS
variable is constructed by using the share of non-tradables in investment (1 — ;) and in government
spending (wgn), averaged over the period 1995-2013 (due to data availability). In light of these
limitations, we also run eq. (80) for the overlap period 1995-2013. Over this period of time, we
have a balanced panel and time series of a reasonable length. Using again the FMOLS estimator,
we obtain ¢ = 0.474 for the whole sample. As a robustness check, we also used the DOLS estimator
with one lead/lag which gives a value of 0.415. The unweighted average of these two estimates is
¢ = 0.445 for the whole sample, in accordance with the estimated value of 0.44 documented by
Stockman and Tesar [1995].
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E.5 Estimates of ¢/: Empirical strategy

To estimate the elasticity of substitution between capital and labor, o/, we draw on Antras [2004].
We allow labor- and capital-augmenting technological change to grow at constant rate:

Al = Alet, (81a)
Bl = Bt (81b)

where (zj and bJ: denote the constant growth rates of labor- and capital-augmenting technical progress
and A} and B} are the initial levels of technology. Inserting first (81a) and (81b) into the demand
for labor and capital (28a)-(28b), taking logarithm and rearranging gives:

In(Y/ /L) = o+ (1-07)d't+0; In(W/ /P}), (82a)
n(Y//K]) = as+ (1—0)Vt+o;In(R/P)), (82b)

where o = [(1 —09)In A} — o7 In fyj} and ay = [(1 —0)In B} — o7 In(1 — ’yj)} are constants.
Above equations describe firms’ demand for labor and capital respectively.

We estimate the elasticity of substitution between capital and labor in sector j = H, N from first-
order conditions (82a)-(82b) in panel format on annual data. Adding an error term and controlling
for country fixed effects, we explore empirically the following equations:

In(Y;/LY) = au+ At + ol m(W,/PL) + ua, (83a)
In(Y;)/K}) = oo+ At + o) In(Rir/P) + vir, (83b)

where 7 and t index country and time and wu;; and v are i.i.d. error terms. Country fixed effects
are represented by dummies «q; and «s;, and country-specific trends are captured by A1; and Ag;.
Since all variables display unit root process, we estimate cointegrating relationships by using the
fully modified OLS (FMOLS) procedure for cointegrated panel proposed by Pedroni [2000].

Estimation of (83a) and (83b) requires data for each sector j = H, N on sectoral value added at
constant prices Y7, sectoral hours worked L7, sectoral capital stock K7, sectoral value added deflator
PJ, sectoral wage rate W7 and capital rental cost R. Data for sectoral value added Y# and YV,
hours worked L and LV, value added price deflators P¥ and PV, and, nominal wages W# and
WH are taken form the EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases.
To construct the national stock of capital K, we use the perpetual inventory method with a fixed
depreciation rate of 5% and the time series of constant-price investment from the OECD Economic
Outlook Database. Next, following Garofalo and Yamarik [2002], the capital stock is allocated to
traded and non-traded industries by using sectoral output shares. Finally, we measure the aggregate
rental price of capital R as the ratio of capital income to capital stock. Capital income is derived
as nominal value added minus labor compensation. For all aforementioned variables, the sample
includes includes the 17 OECD countries over the period 1970-2013 (except for Japan: 1974-2013).

While we take the demand for labor as our baseline model (i.e. eq. (83a), Table 11 provides
FMOLS estimates of o7 for the demand of labor and capital. The bulk (3 out of 34) of the FMOLS
estimated coefficients from eq. (83a) are positive and statistically significant. One estimated co-
efficient is negative (o7 for IRL) while estimates of 0¥ for ITA and SWE are positive but not
statistically significant. As in Antras [2004], we alternatively run the regression of the ratio of value
added to capital stock at constant prices on the real capital cost R/P7 in sector j, i.e., eq. (83b).
We then replace inconsistent estimates for o7/ obtained from labor demand with those obtained from
the demand of capital. Columns 17-18 of table 4 report estimates for o and " .

F Data Description

In this section, we present some additional information about the data we use in the empirical and
numerical analysis and the empirical strategy adopted to estimate key parameters. First, we provide
details on the construction of sectoral TFP. Then, we describe empirical strategies to estimate
four parameters involved in our quantitative analysis: the elasticity of substitution in consumption
between traded and non-traded goods, ¢, the degree of substitutability of hours worked across
sectors, €, the elasticity of substitution between capital and labor in production, ¢ and o¥.

F.1 Construction of Sectoral TFPs

Sectoral TFPs (in log) Zf at time ¢ are constructed as Solow residuals from constant-price (domestic
currency) series of value added Y and capital stock K7, and labor input L7:

log Z} =logY{ — s/ log Ll — (1 - si) log K7. (84)
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Table 11: FMOLS Estimates of the Sectoral Elasticity of Substitution between Capital and

Labor (o7)
Country Tradables (o) non-tradables (o)
Dependent variable In(Y#/K™) In(Y?/L7) | m(Y™/KY) In(Y"N/LN)
Explanatory variable In(R/P")  In(WH /P In(R/PY)  In(WVN/pPV)
AUS 0.607° 0.474° 0.459° 0.529°
(6.67) (3.79) (4.03) (5.69)
AUT 0.235* 0.774* 0.105 1.298*
(2.65) (6.04) (1.22) (13.04)
BEL 0.389* 0.829° 0.266" 1.069*
(3.01) (8.89) (7.37) (7.10)
CAN 0.595* 0.480° 0.855% 0.668“
(3.99) (2.94) (8.62) (7.65)
DEU —0.123 0.642° 0.512% 0.987¢
(—0.68) (8.56) (8.88) (6.97)
DNK 0.267¢ 0.417¢ 0.502¢ 1.282°
(1.84) (4.32) (7.83) (6.74)
ESP 0.747¢ 1.033¢ 0.682° 0.476°
(7.11) (10.62) (3.65) (3.35)
FIN 0.249* 0.764° 0.560" 0.794°
(2.90) (1.98) (6.64) (8.30)
FRA 0.267¢ 0.870" 0.294° 0.916"
(4.82) (4.82) (11.04) (4.21)
GBR 0.242 0.603“ 0.008 0.561¢
(0.95) (6.42) (0.08) (2.68)
IRL 0.737¢ —0.125 0.762* 0.627¢
(18.46) (~0.50) (5.73) (3.16)
ITA 0.506" 0.837¢ 0.471¢ 0.259
(3.82) (8.80) (3.23) (1.51)
JPN 0.622° 1.164° 0.417° 0.635"
(8.16) (6.73) (7.97) (2.47)
NLD 0.645% 0.910 0.287¢ 0.444*
(5.13) (5.98) (9.14) (3.74)
NOR 0.798“ 0.629° 0.653“ 0.556°
(4.60) (4.39) (10.17) (4.72)
SWE 0.052 0.607* 0.378¢ 0.194
(0.35) (8.56) (6.71) (0.95)
USA 1.485¢ 0.766" 0.723% 0.876"
(6.85) (9.51) (6.64) (4.96)
Whole Sample 0.489% 0.687¢ 0.467¢ 0.716“
(19.56) (24.70) (26.42) (21.16)
Countries 17 17 17 17
Observations 745 745 745 745
Data coverage 1970-2013 1970-2013 1970-2013 1970-2013
Country fixed effects yes yes yes yes
Time trend yes yes yes yes

Notes: , * and © denote significance at 1%, 5% and 10% levels. Heteroskedasticity and
autocorrelation consistent t-statistics are reported in parentheses.
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where s]L is the LIS in sector j averaged over period 1970-2013 (1974-2013 for Japan). Data for
the series of constant-price value-added (VA_QI) and hours worked (H.EMP) are taken from EU
KLEMS database. The sectoral LIS is calculated as the ratio of labor compensation in sector j
(LAB) to value added at current prices (VA). Sources: EU KLEMS ([2011], [2017]) and OECD
STAN ([2011], [2017]) databases.

To construct the series for the sectoral capital stock, we proceed as follows. Capital stocks
are estimated from the perpetual inventory approach. In order to apply this method, we need ()
real gross capital formation series, (i) the initial capital stock in the base year, which is set to be
1970 and (4ii) the rate of depreciation of the existing capital stock. Real gross capital formation
is obtained from OECD National Accounts Database [2017] (data in millions of national currency,
constant prices). Consistent with the neoclassical growth model, the initial capital stock, Kjg7o, is
computed using the following formula:

I1970

Kigr0 = ————,
g1 + 0k

where I197¢ corresponds to the real gross capital formation in the base year 1970, g; is the average
growth rate from 1970 to 2013 of the real gross capital formation series and § is the depreciation
rate which is assumed to be 5% (see Hall and Jones [1999]). The capital stock is obtained by using
the standard capital accumulation equation: K1 = (1—0)K;+I; for t = 1970, ...,2013 and where
K, is the capital stock at the beginning of period ¢. Following Garofalo and Yamarik [2002], the
gross capital stock is then allocated to traded and non-traded industries by using the sectoral value
added share: 4 ,
K =W K,

where w;Y 7 is the value added share of sector j at current prices.
Finally, the productivity differential variable is computed as the difference in the labor share-
adjusted TFP growth between the traded sector and the non-traded sector:

Zy =aZll —bZN, (85)
-1

where a = [(1 —ay)+ OZJ(Sg/SILVﬂ
expenditure.

,b=a(sf /slV), with a; the tradable share in total investment

F.2 Estimates of ¢: Empirical Strategy

In this section, we detail our empirical strategy to estimate the elasticity of substitution between
traded and non-traded goods ¢. Estimates of the elasticity of substitution ¢ documented by the
existing literature are rather diverse. The cross-section studies report an estimate of ¢ ranging
from 0.44 to 0.74, see e.g., Stockman and Tesar [1995] and Mendoza [1995], respectively.*> The
literature adopting the Generalized Method of Moments and the cointegration methods, see e.g.
Ostry and Reinhart [1992] and Cashin and Mc Dermott [2003], respectively, reports a value in the
range [0.75, 1.50] for developing countries and in the range [0.63, 3.50] for developed countries. Since
estimates for ¢ display a sharp dispersion across empirical studies, we conduct an empirical analysis
in order to estimate this parameter for each country in our sample.

F.2.1 Empirical Strategy

To estimate ¢, we adopt the following strategy. At each instant of time, the representative household
consumes traded and non-traded goods denoted by CT and C¥, respectively, which are aggregated
by means of a CES function:
6—1 o—1 %
C= |:30<1‘> (CT) 7 +(1—¢)° (CN)ﬂ : (86)

where 0 < ¢ < 1 is the weight of the traded good in the overall consumption bundle and ¢
corresponds to the elasticity of substitution between traded goods and non-traded goods. The index
CT is defined as a CES aggregator of home-produced traded goods, C¥, and foreign produced traded
goods, CF":

p—1 1
)

o=@t )T +a-emt 7] &

“¥While the sample used by Stockman and Tesar [1995] covers 30 countries (including 17 developing and
13 industrialized), Mendoza [1995] uses exactly the same data set in his estimation but includes only the 13
industrialized countries. Note that the estimate of ¢ has been obtained by using the cross sectional dataset
by Kravis, Heston and Summers for the year 1975.
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where 0 < gy < 1 is the weight of the home-produced traded good and p corresponds to the
elasticity of substitution between home- and foreign produced traded goods.

Applying Shephard’s lemma (or the envelope theorem) yields the following demand for traded
and non-traded goods:

cT =y (i) - C, (88a)
cN=(1-y) (J:CV) - C. (88b)

Multiplying both sides of (88b) by P~ /P leads to the non-tradable content of consumption ex-
penditure:

pNCN PN\'T?
l1—ac = =(1-¢)=— :
0o =T = -0 () (59)
The market clearing for non-tradables reads:
yN=cN 4N LGN, (90)

Multiplying both sides by PV and dividing by GDP at current prices, Y = PHYH + PNYN leads
to:
pNyN —pNcN - pNJgN o ply  PNGN @G

= + . = 91
Y Y PJlJ Y + G Y (91)
We denote the investment-to-GDP ratio by wy = # and the share of government spending in GDP
by wg = €3 Building on the evidence documented by Bems [2008], we assume that 1 — oy = M
Y PITJ
is constant over time; we further assume that £ NGGN = wgn is constant as well in line with our

evidence. Under these assumptions and by using the fact that w = (1 —ac)we, eq. (91) can

be solved for the share of non-tradables into consumption expenditure:
pNoN 1 PNYN
P C,tct wet . Y,

—(Il—aj)wrt —wgrwat | , (92)

. . PNYN
where the shares 1 — oy and wgn~ are kept constant over time whilst we let the shares s we,
Wy, Wa,e vary across time.
. . pPNcN . .
Once we have constructed time series for 1 — ac; = F—% by using (92), we take the logarithm
’ Pc,:Cy ’

of both sides of (89) and we run the regression of the logged share of non-tradables on the logged
ratio of non-traded prices to the consumption price index:

i

In(l—ac);, = fi+ fi + ait + (1 = ¢)In (P /Pc) o+ i (93)

where f; captures the country fixed effects, f; are time dummies, and u;; are the i.i.d. error terms.
Because parameter ¢ in (89) may display a trend over time, we add country-specific trends, as
captured by a;t. It is worth mentioning that PV is the value added deflator of non-tradables.

F.2.2 Data Construction and Source

We provide more details below on the construction of data employed to estimate equation (93):

- Non-Traded value added, PYY¥: value added at current prices in sector N (VA). Sources:
EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases. Data coverage:
1970-2013 except for JPN 1974-2013.

- Nominal GDP, Y: value added at current prices in total economy (VA), i.e. Y = PHYH 4
PNYN. Sources: EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases.
Data coverage: 1970-2013 except for JPN 1974-2013.

- Share of consumption expenditure in total GDP, we: final consumption expenditure of house-
holds at current prices over gross domestic product (expenditure approach) at current prices.
Source: OECD National Accounts Database [2017]. Data coverage: 1970-2013.

- Share of investment expenditure in total GDP, w;: gross fixed capital formation at current
prices over gross domestic product (expenditure approach) at current prices. Source: OECD
National Accounts Database [2017]. Data coverage: 1970-2013.

- Share of government spending in total GDP, wg: final consumption expenditure of general
government at current prices over gross domestic product (expenditure approach) at current
prices. Source: OECD National Accounts Database [2017]. Data coverage: 1970-2013.
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- Share of non-tradables in total investment expenditure, 1 — ay: investment expenditure on
non-tradables at current prices over total investment expenditure at current prices. Source:
OECD Input-output database [2017]. Data coverage: AUS (1970-2013), AUT (1995-2013),
BEL (1995-2013), CAN (1970-2013), DEU (1995-2013), DNK (1970-2013), ESP (1995-2013),
FIN (1980-2013), FRA (1978-2013), GBR (1997-2013), IRL (1995-2013), ITA (1995-2013),
JPN (1994-2013), NLD (1995-2013), NOR (1970-2013), SWE (1993-2013) and USA (1970-
2013).

- Share of non-tradables in total government spending, wgn: government spending on non-
tradables at current prices over total government spending at current prices. Source: COFOG,
OECD [2017]. Data coverage: AUS (1998-2013), AUT (1995-2013), BEL (1995-2013), DEU
(1995-2013), DNK (1995-2013), ESP (1995-2013), FIN (1990-2013), FRA (1995-2013), GBR
(1995-2013), IRL (1995-2013), ITA (1995-2013), JPN (2005-2013), NLD (1995-2013), NOR
(1995-2013), SWE (1995-2013) and USA (1970-2013). Data are not available for CAN. For this
country, we choose wg~y = 0.90 which corresponds to the cross-country unweighed average.

- Sectoral value added price deflator, PV: value added at current prices (VA) over value added
at constant prices (VA_QI) in sector N. Sources: EU KLEMS ([2011], [2017]) and OECD
STAN ([2011], [2017]) databases. Data coverage: 1970-2013 except for JPN 1974-2013.

- Consumer price index, Pc: consumer price index (all items, Index, 2010=100). Source: OECD
Prices and Purchasing Power Parities. Data coverage: 1970-2013.

We use data described above to construct time series for (1 —ag¢),, and (PN/Pg),,. When

estimating equation (93), all variables are converted into index 2010=100 and are expressed in log
levels.

F.2.3 Empirical Results

Since the two variables of interest in regression (93) display trends, we first run panel unit root
tests, see Table 12. By and large, all tests, with the exception of LLC, for the variable In (1 — a¢),
show that non stationarity is pervasive, making it clear that pursuing a cointegration analysis is
appropriate.

Table 12: Panel Unit Root Tests (p-values)

LLC Breitung IPS MW Hadri

(t-stat)  (t-stat) (W-stat) (ADF) (Z,-stat)
In(1 — ac) 0.011 0.941 0.992 0.991 0.000
In(PN/Pc) | 0077 0.950 0.886  0.833  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.

We thus implement the seven Pedroni’s [2004] tests of the null hypothesis of no cointegration, see
Table 13. All panel tests, with the exception of non-parametric v statistic, reject the null hypothesis
of no cointegration between In(1 — a¢) and the relative price In(PY /P¢) at the 5% significance
level. In particular, the group-mean parametric t-stat test suggest the existence of a cointegration
relationship between the variables of interest at 1% significance level. In small samples, Pedroni’s
[2004] simulations reveal that the group-mean parametric t-stat is the most powerful. Based on this
result, the null hypothesis of no cointegration is strongly rejected at the 1% level

Table 14 shows estimates of ¢ when running regression (93) where the dependent variable is the
log of (1 — ac). The regressor is the (logged) price of non-tradables in terms of the consumer price
index (PY/Pc). The sample covers all countries we are interested in. For the whole sample, the
FMOLS estimate gives a significant value of ¢ of 0.662. This estimated coefficient is statistically
significant. The majority (10 out of 17) of the individual FMOLS estimated coefficients are positive
and statistically significant. Two estimated coefficients are negative (GBR and SWE), although none
of them are statistically significant. Focusing only on countries with positive statistically significant
estimates, we find that ¢ varies from a low of 0.396 for AUS to a high of 1.518 for AUT.

F.3 Estimates of ¢: Empirical Strategy

In this section, we detail our empirical strategy to estimate the elasticity of labor supply across
sectors, €, which captures the degree of labor mobility across sectors.
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Table 13: Panel Cointegration Tests (p-values)

Dependent variable In(1 — ac)
Explanatory variable | In(PY/Pc)
Panel tests

Non-parametric v 0.034
Non-parametric p 0.015
Non-parametric ¢ 0.000
Parametric ¢ 0.005
Group-mean tests
Non-parametric v 0.227
Non-parametric ¢ 0.001
Parametric ¢ 0.009

Notes: the null hypothesis of no cointe-
gration is rejected if the p-value is below
0.05 (0.10 resp.) at 5% (10% resp.) sig-
nificance level.

Table 14: FMOLS Estimates of ¢

Country pFMOLS
AUS 0.396"
(2.25)
AUT 1.518
(6.35)
BEL 0.612
(0.63)
CAN 0.748%
(4.32)
DEU 0.577%
(2.79)
DNK 1.083“
(3.77)
ESP 1.387"
(2.19)
FIN 0.225
(1.16)
FRA 0.353
(1.38)
GBR —0.267
(—0.87)
IRL 1.352°
(3.70)
ITA 0.284
(1.60)
JPN 1.052%
(5.12)
NLD 0.389
(0.93)
NOR 0.891¢
(3.33)
SWE —0.173
(—0.73)
USA 0.821¢
(3.73)
Whole Sample 0.662“
(12.03)
Countries 17
Observations 739
Data coverage 1970-2013
Country fixed effects yes
Time trend yes

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

F.3.1 Limited Substitutability of Hours Worked across Sectors and the Deriva-
tion of the Testable Equation

The economy consists of M distinct sectors, indexed by j = 0,1,..., M each producing a different
good. Along the lines of Horvath [2000], the aggregate labor index is assumed to take the form:
==

[T el cn

L =
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The agent seeks to maximize her labor income
M . .
/ WiLidj = X, (95)
0

for given utility loss; L7 is labor supply to sector j, W7 the wage rate in sector j and X total labor
income. The form of the aggregate labor index (94) implies that there exists an aggregate wage
index W (.), whose expression will be determined later. Thus equation (95) can be rewritten as

follows:
M

WILidj = WL. (96)
0
Writing down the Lagrangian and denoting by p the Lagrangian multiplier to the constraint, the
first-order reads as: ) )
(0" (L) L™ = uWo. (97)
Left-multiplying both sides of eq. (97) by L7, summing over the M sectors and using eqs. (94)
and (96) implies that p = % Plugging the expression for the Lagrangian multiplier into (97) and
rearranging terms leads to optimal labor supply L’ to sector j:

LI = (M‘;) L. (98)

We assume that within each sector, there is a large number of identical firms which produces
Y7 by using labor L7 and capital K7 according to constant returns to scale in production. The
representative firm faces two cost components: a capital rental cost equal to R, and sectoral wage W7
and W, respectively. Since each sector is assumed to be perfectly competitive, the representative
firm chooses capital and labor by taking prices as given:

max IV = max {P’Y? - W/L’ — RK’} . (99)
Ki,Li Ki,Li

Since that the production function displays constant returns to scale and using the fact that factors
are paid their malfginal product, the demand for labor and capital are: AYI /o) = WI/PJ and
Y7 /OKI = R/P7, respectively; denoting the LIS in sector j by s7, the demand for capital and
labor can be rewritten as follows: Y7 /f/J = s} and Yi / Ki=1- 7 which leads to:

. pPiyJ :

J — W

I w7, (100a)

(1 - sg) PYr_p (100b)

S

Inserting labor demand (100a) into labor supply to sector j (98) and solving leads the share of
sector j in aggregate labor:

L7 1 J piyi B2

— = ()T MSL. L 7 (101)
L [, s3PiYidj

where we combined (96) and (100a) to rewrite the aggregate wage as follows:

foM SJLPjSJLdj

W= L

(102)

We denote by 37 the fraction of labor’s share of value added accumulating to labor in sector j:

, J piyi
B = ]\jL—] (103)
21 s PY7
Using (103), the labor share in sector j (101) can be rewritten as follows:
LI . e
- = (19]) T (ﬁj) T (104)
Introducing a time subscript and taking logarithm, eq. (104) reads as:
L 1 , € ;
In{— ) = In ¥’ In /. 1
H<L)t i +€+1nﬁt (105)
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Totally differentiating (105) and denoting the rate of change of the variable with a hat, we find that

the change in hours worked in sector j caused by labor reallocation across sectors is driven by the

change in the fraction 3/ of the labor’s share of aggregate output accumulating to labor in sector j:
L] — Ly =3, (106)

where v = 7.

We use panel data to estimate (106). Including country fixed effects captured by country

dummies, f;, and common macroeconomic shocks by year dummies, f;, (106) can be rewritten as
follows:

Li, = Lis = fi + fo+ B + vy, (107)

where v; = 51"1 and Bft is given by (103); j indexes the sector, 7 the country, and t indexes time.

The LHS and RHS variables are defined as follows:

M
Li=) 6,11, (108)
j=1

and ) .
i pivi
v SL,iP Y

it — M pivi’
ijl sL,-P- Y

17 it

(109)

where sil is the LIS in sector j in country ¢ which is averaged over 1970-2013. When exploring
empirically (107), the coefficient « is alternatively assumed to be identical, i.e., 7; = =, or to vary
across countries. The LHS term of (107), i.e., I:it — L, gives the percentage change in hours worked
in sector j driven by the pure reallocation of labor across sectors.

To determine (108) we proceed as follows. Approximate changes in aggregate labor with differ-
entials, we get:

o=

dL¢ = Ly — Ly—1 = (L{1y)* (Le—1) " = AL + (L) © (Le—1)” = dL}. (110)

Expressing (110) in percentage changes and inserting (LTJ) = (37, we have:

LH N\ N\
- Ly —Liy i—1\ ° smH =1\ ° inN
Li=———— = L L
‘ Ly (Lt—l ot Ly b
= ﬂ£1£f+ﬂtj\ilii\]' (111)

According to eq. (111), the percentage change in total hours worked, ﬁt, can be approximated by
a weighted average of changes in sectoral hours worked Lj (in percentage), the weight being equal
to 3]_;.

F.3.2 Data Description

Data are taken from EU KLEMS (][2011], [2017]) and OECD STAN ([2011], [2017]) databases. EU
KLEMS data provide yearly information for the period 1970-2013 (except for JPN: 1974-2013) for
15 countries of our sample (AUS, AUT, BEL, DEU, DNK, ESP, FIN, FRA, GBR, IRL, ITA, JPN,
NLD, SWE and USA). For CAN and NOR, annual sectoral data stems from the STAN database. To
classify hours worked and value added as traded or non-traded, we adopt the classification described
in Appendix D. We provide more details below about the data used to estimate equation (107):

- Sectoral hours worked, L7 (j = H, N): total hours worked by persons engaged in sector j
(H.EMP). Sources: EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases.

- Sectoral value added, P’Y7 (j = H, N): value added at current prices in millions of national
currency in sector j (VA). Sources: EU KLEMS ([2011], [2017]) and OECD STAN ([2011],
[2017]) databases.

- Sectoral labor income share, s} (j = H,N): labor compensation in sector j (LAB) over
value added at current prices (VA) averaged over the period 1970-2013 (1974-2013 for JPN).
Sources: EU KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases.

By combining SJL and P7Y7 we can construct time series 3/ as defined by (109).
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Table 15: Estimates of the Elasticity of Labor Supply across Sectors (¢)

Country €
AUS 0.375%
(3.20)
AUT 1.103¢
(3.00)
BEL 0.610¢
(3.57)
CAN 0.390*
(4.12)
DEU 1.012¢
(3.52)
DNK 0.286
(2.50)
ESP 1.015%
(3.73)
FIN 0.431°
(4.39)
FRA 1.400°
(2.83)
GBR 0.601¢
(3.91)
IRL 0.216“
(3.74)
ITA 1.664¢
(3.01)
JPN 0.873¢
(3.55)
NLD 0.219"
(2.05)
NOR 0.011
(0.34)
SWE 0.534
(4.28)
USA 3.222¢
(1.83)
Countries 17
Observations 1456
Data coverage 1971-2013
Country fixed effects 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.

F.3.3 Panel Data Estimates of ¢

The parameter we are interested in, the degree of substitutability of hours worked across sectors, is
given by ¢; = v;/(1 — ;). In the regression below, coefficient v; is assumed to be different across
countries, i.e., v; # vy for ¢ # ¢’. The sample is running from 1971 to 2013.

Empirical results reported in Table 15 are consistent with € > 0. Among the 17 countries, we
find that 16 have statistically significant (at the 10% level) estimates of e. We find that the degree
of substitutability of hours worked across sectors ranges from a low of 0.01 for NOR to a high of
3.222 for USA.

F.4 Sectoral Elasticity of Substitution between Capital and Labor

Our empirical results have established that the effects of a permanent rise in TFP in tradables
relative to non-tradables on sectoral LIS depends on the elasticity of substitution between capital
and labor. We detail below the estimation strategy of the elasticity of substitution between capital
and labor, o7, for sector j = H, N.

F.4.1 Empirical Strategy
We assume CES productions::

oJ

i (atnt) - (m2nt) | (12

Y =

where o7 is the constant elasticity of substitution between capital and labor in sector j = H, N, ~7
is the weight of labor in the production technology, A7 and B} denote the level of efficiency of labor
and capital, respectively. Variations over time of A7 and B} capture labor- and capital-augmenting
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technological change. Note that we allow factors efficiency to differ across sectors, i.e. AH % AN
and BY # BN. When assuming biased-technological change, the identification of the parameter
of interest, ¢/, turns to be problematic as the elasticity and biased technical change cannot be
simultaneously identified given time series of output, inputs and factors shares. To circumvent this
problem, we assume that labor- and capital-augmenting technological changes grow at constant rate:

Al = Ale™t, (113a)
Bl = Bl (113b)

where qj and bJ denote the constant growth rates of labor- and capital-augmenting technical progress
and A} and B} are the initial levels of technology.

We assume perfect mobility of capital across sectors and define the capital rental cost by R with
R = R” = RVN. Labor is imperfectly mobile across sectors and the wage rate in sector j = H, N
is denoted WJ. Profit maximization by firms in a competitive framework implies the first-order
conditions:

ri () 7 (12) 7 () = s
Pl (1-+7) (Bz)gf”'l (Kz)_ﬁ (Yi)ﬁ ~ R, (114D)

where P’ is value added price deflator in sector j. Taking logarithm of (114a)-(114b) and rearranging
gives:

(Y7 /L) = a1+ (1—0?)ad’t+o;In(W}/P}), (115a)
n(Y//K]) = as+ (1-0)Vt+o;In(R/P)), (115b)
where a = |(1—07)InA} — o7 ln'yj} and ay = [(1 —09)In A} — o7 In(1 — vj)] are constants.

These equations represent the first-order conditions (FOC) with respect to labor and capital and
can be interpreted as describing the firms’ demand for labor and capital respectively. We estimate
the elasticity of substitution between capital and labor in sector j = H, N from FOCs (115a)-(115b)
in panel format on annual data. Adding an error term and controlling for country fixed effects yields
our testable regressions:

In(Y;i/L},) = aui+ it + o] m(Wi/P)) + ua, (116a)
(Y} /K}) = oo+ Aot + 0! In(Rir/PY) + vir, (116b)

where 7 and t index country and time and wu;; and v are i.i.d. error terms. Country fixed effects
are represented by dummies aq; and as;, and country-specific trends are captured by Aj; and Ag;.
To estimate the elasticity of substitution between capital and labor for tradables and non-
tradables, we follow closely the approach suggested by Antras [2004] which derives alternative spec-
ifications based on factor demand functions.** This approach possesses three particulary attractive
properties. First, the econometric specifications allow for biased technological change. The choice
of the specification determines the type of technological change which can be captured within the
framework of econometric estimation. For instance, in case of the FOC for labor, capital biased
technological change drops out. Therefore, labor-augmenting technological change can be identified,
together with o7, from equation (115a). Second, it allows for a clear treatment of the nonstationary
nature of the data involved in the estimation. Regressions (116a) and (116b) feature two trends gov-
erned by a’ and b’ and several variables which potentially follow nonstationary processes (Y7, /L7,
Y7 /K7, W/, /PJ, and R;;/P?). Following Antras [2004], we tackle this nonstationary issue by ap-
plying the fully modified OLS (FMOLS) procedure for the cointegrated panel proposed by Pedroni
([2000], [2001]) to equations (116a) and (116b). FMOLS is a nonparametric approach to adjust for
the effects of endogenous regressors and serial correlation. Another econometric problem when esti-
mating (116a) and (116b) is the potential endogeneity of regressors. As shown by Pedroni ([2000],
[2001]), using FMOLS technique can address this issue too as this estimator is also extremely ac-
curate in panels with heterogeneous serial correlation and endogenous regressors. Third, employing
Monte Carlo experiments, Leén-Ledesma et al. [2010] compare the different approaches for estimat-
ing the elasticity of substitution between capital and labor (single equation based on FOCs, system,

41t is worth noting that Antras [2004] derives six econometric functional forms to estimate o: FOC with
respect to labor (eq. (115a)), FOC with respect to capital (eq. (115b)), a combination of both FOCs and
the remaining three are the reciprocal thereof. However, we focus on the first two because only the use of
the FOCs permits the identification of growth rate of labor- and capital-augmenting technological change
while the third specification captures the overall technological bias.
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linear, non linear and normalization). Their evidence suggests that provided that the true value
of ¢ is below 1.3, estimates of both the elasticity of substitution and technical change are close to
their true values when the FOC with respect to labor is used (eq. (115a)). Below we report sectoral
elasticities well below unity when using the FOCs. The panel estimates of o and oV obtained
from the FOC with respect to labor (capital resp.) are 0.687 and 0.716 (0.489 and 0.467 resp.).
Our results thus lend credence to the use of specifications (116a) and (116b) based on the FOCs as
a way to obtain precise estimates of the elasticity of substitution between capital and labor at the
sectoral level. In addition, results of Leén-Ledesma et al. [2010] show that the capital FOC (eq.
(116b)) performs worse than labor FOC (eq. (116a)) as estimates of o are sensitive to measurement
errors and endogeneity in the capital stock. Consequently, in the following, when presenting our
own estimates of o7 for both sectors, the labor demand equation, i.e. regression (116a), is preferred.

An alternative way to recover the CES production parameters is the supply-side system method
(see Klump et al. [2007] and Leén-Ledesma et al. [2010]). This approach consists of the joint
nonlinear estimation of a three-equation system combining the CES production function (equation
(112) in log form) together with the first-order conditions for the optimal choices of labor and
capital, i.e. FOCs (115a)-(115b). Despite system approach’s appealing features , we stick to the
single-equation methodology developed by Antras [2004] because, in our context, this estimation
method has several advantages over the three-equation system advocated by Ledén-Ledesma et al.
[2010]. First, the supply-side system method has the disadvantage that it does rely on non-linear
estimations, so the results are obtained numerically and sensitive to the choice of initial values
(especially in the nonnormalized system). By contrast, we estimate equations (116a) and (116b)
with the FMOLS approach which avoids such numerical computations. Second, estimation of the
three-equation system involves the estimation of a large number of parameters which may affect
estimation accuracy. Instead, the single-equation is a more parsimonious specification as it reduces
considerably the number of estimated coefficients and thus is particularly well suited when estimating
the elasticity of substitution at the sectoral level.

F.4.2 Data Description

Estimation of equations (116a) and (116b) requires data for each sector j = H, N on value added at
constant prices, Y7, hours worked, L7, capital stock, K7, value added deflator, P/, wage rate, W7
and capital rental cost, R. We describe below the time series we use in estimating o7 (codes in EU
KLEMS/STAN are reported in parentheses):

- Sectoral value added, Y7 (5 = H, N): value added at constant prices in sector j (VA_QI).
Sources: KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases. Data coverage:
1970-2013 except for JPN 1974-2013.

- Sectoral hours worked, L7: total hours worked by persons engaged in sector j (H.EMP).
Sources: KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases. Data coverage:
1970-2013 except for JPN 1974-2013.

- Sectoral capital stock, K7: aggregate capital stocks are estimated from the perpetual inventory
approach by using real gross capital formation from OECD National Accounts Database [2017]
(data in millions of national currency, constant prices) and assuming a depreciation rate of
5%. Following Garofalo and Yamarik [2002], the capital stock is then allocated to traded and
non-traded industries by using the sectoral value added share, i.e., K/ = th 7K where wz/ 7 is
the value added share at current prices. Sources: KLEMS ([2011], [2017]) and OECD STAN

([2011], [2017]) databases. Data coverage: 1970-2013 except for JPN 1974-2013.

- Sectoral value added price deflator, P7: value added at current prices (VA) over value added
at constant prices (VA_QI) in sector j. Sources: KLEMS ([2011], [2017]) and OECD STAN
([2011], [2017]) databases. Data coverage: 1970-2013 except for JPN 1974-2013.

- Sectoral nominal wage, W7: labor compensation in sector j (LAB) over total hours worked by
persons engaged (H_.EMP) in that sector. Labor compensation is total labor costs that include
compensation of employees and labor income of the self-employed and other entrepreneurs.
Sources: KLEMS (]2011], [2017]) and OECD STAN ([2011], [2017]) databases. Data coverage:
1970-2013 except for JPN 1974-2013.

- Aggregate rental price of capital, R: capital income over capital stock K in the total economy.
Capital income is derived as nominal value added (VA) minus labor compensation (LAB).
Sources: KLEMS ([2011], [2017]) and OECD STAN ([2011], [2017]) databases. Data coverage:
1970-2013 except for JPN 1974-2013.

The data construction merits further discussion. First, sectoral wages do not equalize (W #
W) while the sectoral rental costs of capital equalize (R = RY = R). These choices are consis-
tent with our theoretical model in which physical capital is perfectly mobile across sectors and the
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presence of mobility costs implies that both sectors do not pay the same wage. Second, when cal-
culating sectoral wages, labor compensation includes total labor costs (wages, salaries and all other
costs of employing labour which are borne by the employer) as well as the income of self-employed.
Treating all self-employed income as labor income allows us to obtain a consistent measurement
of the labor share (Gollin [2002]). As a robustness check, we also split self-employed income into
capital and labor income based on the assumption that the labor income of the self-employed has
the same mix of labor and capital income as the rest of the economy (in other words, total labor
compensation comprises the labor compensation of employees and the self-employed income scaled
by the labor share of employees only). This adjustment turns out to have only a marginal effect on
the estimates of o7 (results available upon request).

F.4.3 Empirical Results

Table 16 reports a summary of the panel unit root tests we performed on each of the series involved in
the estimation of cointegrating equations. As is clear from Table 16, except for the LLC test applied
to the variable In(W® /PY), for none of the eight series do the LLC, Breitung, IPS and Madalla-Wu
tests reject the hypothesis of a unit root at the 5% level of significance.*® As a robustness check,
we also consider the test developed by Hadri of the null that the time series for each cross section
is stationary against the alternative of a unit root in the panel data. We reach the same conclusion
and conclude that all eight series are nonstationary and integrated of order one.

Table 16: Panel Unit Root Tests (p-values)

LLC Breitung IPS MW Hadri
(t-stat)  (t-stat) (W-stat) (ADF) (Z,-stat)

m(Y?/L7) | 0990  1.000 1000 0970  0.000
In(YN/LY) 0.286 1.000 0.607 0.225 0.000
In(YH/KH) | 0.998 1.000 0.999 0.981 0.000
In(YN/KN) | 0.960 0.999 0.990 0.994 0.000
In(WH/PH) | 0.636 1.000 0.758 0.735 0.000
In(WN/PN) | 0.006 0.209 0.716 0.643 0.000
In(R/PH) 0.866  1.000 0679 0498  0.000
In(R/PN) 0.999  0.999 0791  0.218  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.

Table 17 presents the results from parametric and non parametric cointegration tests developed
by Pedroni ([1999], [2004]). All statistics hinge on testing the stationarity of the residuals of equa-
tions (116a) and (116b). As is apparent from Table 17 the results are conclusive: for at least five
of the seven tests the null hypothesis of no cointegration between In(Y7/L7) (In(Y?/K7) resp.) and
In(W7/P7) (In(R/P?) resp.) is rejected for all four specifications at the 10% significance level. As
pointed out by Pedroni [2004], the group-mean parametric t-test is more powerful than other tests
in finite samples. Based on the statistic parametric ¢ (reported in the last row), the null hypothesis
of zero cointegrating vectors is clearly rejected at the 10% significance level for any of the four
specifications.

Table 18 summarizes FMOLS estimates elasticity of substitution between capital and labor for
the tradables and non-tradables sectors. Results for the labor (capital resp.) demand equation
are presented in columns 2 and 4 (columns 1 and 3 resp.).“® As noted previously, on the basis
of the extensive Monte Carlo simulations provided by Leén-Ledesma et al. [2010], the FOC for
labor specification (equation (116a)) is preferred to the FOC for capital specification (equation
(116b)) because in the former case the elasticity of substitution is estimated quite precisely. To ease
discussion, we therefore restrict the discussion to the results obtained with labor demand equation.
For the whole sample, the FMOLS estimate of o from regression (116a) (see column 2) gives a
value of 0.687. The estimated coefficient is statistically different from zero with a t-statistic of 24.70.
Furthermore, the null hypothesis of a panel unit elasticity is strongly rejected at the 5% significance
level. However, there is substantial evidence of parameter heterogeneity across countries inside
the sample. The vast majority (16 out of 17) of the individual FMOLS estimated coefficients o

15 As IPS and MW allow for heterogeneity of the autoregressive root, we prefer these tests over the LLC
test for which the autoregressive coefficient is required to be identical across all units.

460 conserve space we only report in Table 18 the results for the elasticity of substitution o and V. The
estimates of the parameters A\; and A2, that is estimates of the growth rate of labor- and capital-augmenting
technological change are available from the authors upon request.
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Table 17: Panel Cointegration Tests (p-values)

Dependent variable In(Y#/LF) | m(Y?/K") | n(YN/LY) | In(YN/KY)

Explanatory variable In(WH/PH™y | In(R/PH) | m(WY/PYN) | In(R/PY)
Eq. (116a) Eq. (116b) Eq. (116a) Eq. (116b)

Panel tests

Non-parametric v 0.000 0.021 0.170 0.030
Non-parametric p 0.000 0.053 0.073 0.010
Non-parametric ¢ 0.000 0.055 0.050 0.002
Parametric ¢ 0.000 0.043 0.054 0.003
Group-mean tests

Non-parametric v 0.010 0.420 0.145 0.012
Non-parametric ¢ 0.000 0.147 0.059 0.001
Parametric ¢ 0.000 0.065 0.064 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.

are positive. The only exception is IRL for which o is estimated to be negative. Although the
estimated value for IRL is not statistically different from zero, this negative value is difficult to
justify by economic theory. In order to avoid inconsistent estimates of o, we replace the negative
value IRL with the one obtained when using the demand for capital (see column 1), namely we set
ol = 0.737. Focusing only on countries with positive FMOLS estimates of o/, we find that all
have statistically significant coefficients at a standard threshold, ranging from a low of 0.417 (DNK)
to a high of 1.164 (JPN). Overall, out the 16 positive estimates in column 2, 14 are lower than
one (exceptions are ESP and JPN with o = 1.033 and off = 1.164 respectively); out these 14
estimates, 8 are significantly below one at the 5% level: for AUT, BEL, ESP, FIN, FRA, ITA, JPN
and NLD the null hypothesis of a unit elasticity is rejected at the 5% significance level. Columns
3 and 4 show FMOLS estimates for the non-traded sector. For labor demand (column 4), we find
o™ = 0.716 in the entire panel. This value is significantly different than zero and lower than one at
the 1% level. The estimates range from 0.194 (SWE) to 1.298 (AUT). The vast majority (15 out of
17) of the individual FMOLS estimated coefficients are statistically significant except for ITA and
SWE. Note also that the coefficient oV is found to be larger than one in only three countries (AUT,
BEL and DNK). Among these three countries, the null hypothesis of a unit elasticity is not rejected
at the 5% significance level in BEL and DNK. Finally, for 10 out of the 17 countries, the results
lead to a rejection of the null hypothesis of a unit elasticity of substitution in the non-traded sector
at the 5% significance level (AUS, AUT, CAN, ESP, FIN, GBR, ITA, NLD, NOR and SWE)

Overall, we find that, controlling for biased technological change, the elasticity of substitution
between capital and labor for traded and non-traded sectors is lower than one, implying that capital
and labor are less substitutable than a Cobb-Douglas production function. This result is consistent
with previous estimates found in the literature (see Antras [2004], Klump et al. [2007] and Ledn-
Ledesma et al. [2010] among others).

G More VAR Results and Robustness Check

In this section, we provide more VAR results and conduct several robustness checks. Because in the
main text, all variables enter in growth rate, Appendix G.1 shows panel unit tests for all variables
considered in the empirical analysis. For reason of space, in the main text, we report results of
selected sectoral variables and do not show aggregate effects. Appendix G.2 shows aggregate effects
of a technology shock biased toward the traded sector and also reports results for all variables and
all VAR models mentioned in the main text. Due to data availability, we use annual data for eleven
1-digit ISIC-rev.3 industries that we classify as tradables or non-tradables. Because at this level of
disaggregation, the classification is somewhat ambiguous as some sub-industries could be classified
as tradables while other sub-industries are treated as non-tradables, Appendix G.3 investigates the
sensitivity of our empirical results to the classification of industries as tradables or non-tradables.
Since the traded and the non-traded sector are made up of sub-sectors, we explore in Appendix G.4
whether our results for the LIS are not driven by changes in value added shares of sub-sectors. In
the main text, we compute the LIS like Gollin [2002], i.e., labor compensation is defined as the sum
of compensation of employees plus compensation self-employed. Since there exists alternative ways
in constructing labor compensation, we explore empirically in Appendix G.5 whether the evidence
on redistributive effects we document in the main text are robust to alternative measures of the
LIS. In Appendix G.6, we address a potential concern related to the fact that various VAR models
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Table 18: FMOLS Estimates of the Sectoral Elasticity of Substitution between Capital and

Labor (07)
Country Tradables (o) Non-Tradables (o)
Dependent variable In(Y#/K™Y IWn(Y?/L™) | m(YV/KY) In(Y"N/LY)
Explanatory variable In(R/PH)  In(WH/pPH) In(R/PY)  In(W¥/PN)
(1) (2) () 4)
AUS 0.607¢ 0.474° 0.459° 0.529¢
(6.67) (3.79) (4.03) (5.69)
AUT 0.235% 0.774% 0.105 1.298%
(2.65) (6.04) (1.22) (13.04)
BEL 0.389* 0.829* 0.266" 1.069*
(3.01) (8.89) (7.37) (7.10)
CAN 0.595* 0.480" 0.855" 0.668“
(3.99) (2.94) (8.62) (7.65)
DEU —0.123 0.642% 0.512¢ 0.987¢
(—0.68) (8.56) (8.88) (6.97)
DNK 0.267¢ 0.417¢ 0.502¢ 1.282°
(1.84) (4.32) (7.83) (6.74)
ESP 0.747% 1.033¢ 0.682° 0.476°
(7.11) (10.62) (3.65) (3.35)
FIN 0.249° 0.764° 0.560" 0.794°
(2.90) (1.98) (6.64) (8.30)
FRA 0.267* 0.870" 0.294* 0.916"
(4.82) (4.82) (11.04) (4.21)
GBR 0.242 0.603“ 0.008 0.561¢
(0.95) (6.42) (0.08) (2.68)
IRL 0.737¢ —0.125 0.762° 0.627¢
(18.46) (—0.50) (5.73) (3.16)
ITA 0.506" 0.837¢ 0.471° 0.259
(3.82) (8.80) (3.23) (1.51)
JPN 0.622¢ 1.164° 0.417¢ 0.635°
(8.16) (6.73) (7.97) (2.47)
NLD 0.645% 0.910¢ 0.287¢ 0.444*
(5.13) (5.98) (9.14) (3.74)
NOR 0.798“ 0.629* 0.653“ 0.556"
(4.60) (4.39) (10.17) (4.72)
SWE 0.052 0.607¢ 0.378% 0.194
(0.35) (8.56) (6.71) (0.95)
USA 1.485% 0.766* 0.723¢ 0.876*
(6.85) (9.51) (6.64) (4.96)
Whole Sample 0.489¢ 0.687¢ 0.467¢ 0.716*
(19.56) (24.70) (26.42) (21.16)
Countries 17 17 17 17
Observations 745 745 745 745
Data coverage 1970-2013 1970-2013 1970-2013 1970-2013
Country fixed effects yes yes yes yes
Time trend yes yes yes yes

Notes: ¢, * and © denote significance at 1%, 5% and 10% levels. Heteroskedasticity and
autocorrelation consistent t-statistics are reported in parentheses.
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could identify different structural technology shocks. Finally, since we split the gross capital stock
into traded and non-traded industries by using sectoral valued added shares, in Appendix G.7, we
conduct a robustness check by taking time series for sectoral capital stock from KLEMS.

G.1 Panel Unit Root Tests

When estimating alternative VAR specifications, all variables enter in growth rates. In order to
support our assumption of I(1) variables, we ran panel unit root tests displayed in Table 19. We
consider five panel unit root tests among the most commonly used in the literature: Levin, Lin
and Chu (]2002], hereafter LLC), Breitung [2000], Im, Pesaran and Shin ([2003], hereafter IPS),
Maddala and Wu ([1999], hereafter MW) and Hadri [2000]. All tests, with the exception of Hadri
[2000], consider the null hypothesis of a unit root against the alternative that some members of the
panel are stationary. Additionally, they are designed for cross sectionally independent panels. LLC
and IPS are based on the use of the Augmented Dickey-Fuller test (ADF hereafter) to each individual
series of the form Az; ; = a+p;xi 11 —I—Z‘;i:l 0; jAx; +—j+e; 4, where g; ; are assumed to bei.i.d. (the
lag length ¢; is permitted to vary across individual members of the panel). Under the homogenous
alternative the coefficient p; in LLC is required to be identical across all units (p; = p, Vi). IPS
relax this assumption and allow for p; to be individual specific under the alternative hypothesis.
MW propose a Fisher type test based on the p-values from individual unit root statistics (ADF for
instance). Like TIPS, MW allow for heterogeneity of the autoregressive root p; under the alternative.
We also apply the pooled panel unit root test developed by Breitung [2000] which does not require
bias correction factors when individual specific trends are included in the ADF type regression. This
is achieved by an appropriate variable transformation. As a sensitivity analysis, we also employ the
test developed by Hadri [2000] which proposes a panel extension of the Kwiatkowski et al. [1992]
test of the null that the time series for each cross section is stationary against the alternative of a
unit root in the panel data. Breitung’ and Hadri’s tests, like LLC’s test, are pooled tests against
the homogenous alternative.*”

Table 19: Panel Unit Root Tests (p-values)

LLC Breitung IPS MW Hadri
(t-stat)  (t-stat) (W-stat) (ADF) (Z,-stat)

In(Z) 0.977 0.000 0.999 0.999 0.000
In(Yr) 0.979 0.999 0.959 0.941 0.000
In(L) 0.173 0.996 0.941 0.950 0.000
In(W/Pc) 0.000 1.000 0.294 0.002 0.000
In(WH /W) 0.910 0.094 0.882 0.945 0.000
In(WN /W) 0.232 0.971 0.415 0.349 0.000
In(YH /Yg) 0.472 0.924 0.827 0.859 0.000
In(L# /L) 1.000 0.012 0.998 0.999 0.000
In(YN/Yg) | 0252  0.109 0.549  0.500  0.000
In(LN /L) 0.885  1.000 0.998  0.996  0.000
In(YH/YN) | 0451  0.882 0.819  0.858  0.000
In(PN/PH) | 0.692 0.000 0.961 0.992 0.000
In(PH /PF) 0.380 0.358 0.476 0.590 0.000
In(sH) 0.145  0.312 0.142  0.081  0.000
In(kH) 0.995 0.479 0.997 0.999 0.000
DH 0.223 0.483 0.261 0.227 0.000
In(sY) 0.999 0.186 0.988 0.943 0.000
In(k™) 0.701 0.887 0.900 0.936 0.000
DN 0.999 0.820 0.982 0.945 0.000

Notes: LLC and Breitung are the t-statistics of Levin et al. [2002] and Breitung
[2000] respectively. IPS is the Wiy, test proposed by Im et al. [2003] . MW (ADF)
is the Maddala and Wu’s [1999] P test based on Augmented Dickey-Fuller p-values.
Hadri is the Hadri’s [2000] Z,, test. 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. In all tests and for all variables, we allow for individual deterministic trends

and fixed effects. D7 is defined as D7 = (Bj/A]‘)(l_Uj)/"] for j = H, N.

As noted above, IPS and MW tests allow for heterogeneity of the autoregressive root, accordingly,

47n all aforementioned tests and for all variables of interest, we allow for individual deterministic trends
and country-fixed effects. Conclusions of unit root tests are robust whether there are individual trends in
regressions or not. Appropriate lag length ¢; is determined according to the Akaike criterion.
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Table 20: Aggregate and Sectoral Effects of a 1% Permanent Increase in Traded relative to
Non-Traded TFP: Point Estimates

Variables A Aggregate B.Tradables C.Non-Tradables

Impact Long-run Impact Long-run Impact Long-run

(t=0) (t=10) (t=0) (¢t=10) (t=0) (t=10)

(1) (2) (3) (4) (%) (6)

Relative Prod.  0.895* 1.000* 0.934* 1.000* 0.879* 1.000*
Value Added 0.246* 0.337* 0.223* 0.259* 0.011 0.061
Labor 0.088* 0.156 -0.009 0.009 0.097* 0.154*
Real Wage 0.095* 0.235* 0.095 0.095 0.090 0.295*
Notes: Horizon measured in year units. * denote significance at 10% level. Stan-
dard errors are bootstrapped with 10000 replications.

we will focus intensively on these tests when testing for unit roots. In all cases, except for the MW
test applied to W/ Pc, the null hypothesis of a unit root against the alternative of trend stationarity
cannot be rejected at conventional significance levels, suggesting that the set of variables of interest
are integrated of order one. When considering the Hadri’s test for which the null hypothesis implies
stationary against the alternative of a unit root in the panel data, we reach the same conclusion
and conclude again that all series are nonstationary. Taken together, unit root tests applied to our
variables of interest show that non stationarity is pervasive, suggesting that all variables should
enter in the VAR models in first difference.

G.2 Aggregate and Sectoral Effects: VAR Evidence

In the main text, we concentrate on the reallocation and redistributive effects of asymmetric tech-
nology shocks across sectors. We provide below the results for the full set of aggregate and sectoral
effects of technology shocks biased toward the traded sector.

To explore the magnitude of the aggregate effects empirically, we consider a VAR model that
includes in the baseline specification the rate of growth of the technology index biased toward the
traded sector, Zit, real GDP, YRﬁ, total hours worked, I:it, the real consumption wage denoted
by We¢ ;. Our vector of endogenous variables, is given by: z;; = [Zitny,ityi/ity Wc,it] All data
for aggregate variables are obtained from the OECD Economic Outlook. For real GDP, we use the
volumes reported by the OECD. We use hours worked to measure labor.*® All quantities are scaled
by the working age population and expressed in rate of growth. The real consumption wage is the
ratio of the nominal aggregate wage, W, to the consumption price index, Pc +. The nominal wage
is obtained by calculating the ratio of labor compensation to the number of hours worked. Details
of data construction and the source of variables used in our estimation are provided in Appendix D.

Table 20 displays point estimates on impact and in the long-run. The dynamic effects of a
technology shock biased toward the traded sector on aggregate variables are shown in Fig. 12. The
top left panel shows that productivity in tradables relative to non-tradables increases by 0.9% while
the productivity differential increases gradually to reach 1% after 10 years. The technology shock
increases real GDP on impact by 0.25%. Higher productivity in tradables relative to non-tradables
also increases significantly hours worked by 0.09% on impact and generates an initial increase in the
real consumption wage by 0.1%.

The sectoral effects of a technology shock are displayed in Fig. 13 while point estimates are
reported in Table 20. The responses of sectoral value added and hours worked enable us to explore
empirically the breakdown of changes in real GDP and labor into the traded and non-traded sector.
Whilst higher productivity of tradables has a significant expansionary effect on traded value added
which increases by 0.22% GDP on impact and 0.26% in the long-run, non-traded value added is
unresponsive at any horizon. Conversely, the non-traded sector experiences a significant increase in
hours worked on impact by 0.10% of total hours worked while hours worked remain fairly unchanged
in the traded sector.

G.3 Robustness Check: Sectoral Classification

Objective. This subsection explores the robustness of our findings to the classification of the
eleven 1-digit ISIC-rev.3 industries as tradables or non-tradables. When we conduct the robustness
analysis, we modify the baseline classification in a number of ways to ensure that some industries

48 Alternatively we use the number of employees as a measure of labor. All results remain almost un-
changed.
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Figure 12: Effects of Technology Shock Biased toward the Traded Sector on Aggregate
Variables. Notes: Exogenous increase of TFP in tradables relative to non-tradables adjusted with labor
income shares by 1%. Aggregate variables include GDP (constant prices), total hours worked, and the
real consumption wage. Horizontal axes indicate years. Vertical axes measure percentage deviation from
trend. Results for baseline specification are displayed by solid lines with shaded area indicating 90 percent
confidence bounds obtained by bootstrap sampling; sample: 17 OECD countries, 1970-2013, annual data.
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Figure 13: Sectoral Effects of Technology Shock Biased toward the Traded Sector. Notes:
Exogenous increase of TFP in tradables relative to non-tradables adjusted with labor income shares by 1%. Horizontal
axes indicate years. Vertical axes measure percentage deviation from trend in GDP units (sectoral value added),
percentage deviation from trend in total hours worked units (sectoral hours worked), and percentage deviation from
trend (real wages). Results for baseline specification are displayed by solid lines with shaded area indicating 90
percent confidence bounds obtained by bootstrap sampling; sample: 17 OECD countries, 1970-2013, annual data.
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with specific characteristics are not driving the results. There are a few sectors which may display
some ambiguity related to their tradability, including ”"Hotels and Restaurants”, ”Financial Inter-
mediation” and ”Real Estate, Renting and Business Services”. The reason is twofold. Some sectors
such as ”"Hotels and Restaurants”, ”Financial Intermediation” have experienced a large increase
in tradability over the last fifty years. Since we adopt a VAR methodology, we need a long time
horizon for each country which constrain us to use a less detailed sectoral disaggregation so that
the sample starts from 1970 otherwise, the sample would start in 1995 for most of the countries
in our sample. The lower level of sectoral disaggregation implies that ”Financial Intermediation”
and ”"Real Estate, Renting and Business Services” are made up of sub-sectors which display a high
heterogeneity in terms of tradability. The most prominent example is ”Real Estate, Renting and
Business Services” which includes ” Real Estate Activities” which displays a very low tradability and
”Professional, Scientific, Technical, Administrative, and Support Service Activities” which displays
a high level of tradability. Since tradability of sectors varies across time and across subsectors, we
perform a sensitivity analysis with respect to the classification for the three aforementioned sectors.

Literature on Tradedness of Industries. While we treat "Real Estate, Renting and Busi-
ness Services” and "Hotels and Restaurants” as non-tradables, Jensen and Kletzer [2006] find that
”Professional, scientific and technical activities” included in the former sector is highly tradable
whilst evidence collected by Piton [2017] who calculates the degree of openness for 18 industries
over 1995-2014 reveals that ”Foods and Accommodation” included in the latter sector displays sig-
nificant tradability as well. Thus, in the following, we pay particular attention of the sensitivity
of our results when either ”"Real Estate, Renting and Business Services” (red line) or ”Hotels and
Restaurants” (yellow line) is classified as tradable instead of non-tradable. Moreover, Jensen and
Kletzer [2006] find that the subsectors included in ”Financial Intermediation” vary substantially in
terms of tradability. Accordingly, we also conduct a robustness check w.r.t. this subsector which
includes ”Financial Intermediation” (black line) into the traded goods sector.

Empirical Strategy. In order to address these issues, we re-estimate the various VAR spec-
ifications for different classifications in which one of the three aforementioned industries initially
marked as tradable or non-tradable is classified as non-tradable or tradable resp, all other industries
staying in their original sector. In doing so, the classification of only one industry is altered, allowing
us to see if the results are sensitive to the inclusion of a particular industry in the traded or the
non-traded sector. The baseline and the three alternative classifications considered in this exercise
are shown in Table 21.

Table 21: Robustness Check: Classification of Industries as Tradables or Non-Tradables

KLEMS code Classification

Baseline #1 #2 #3
Agriculture, Hunting, Forestry and Fishing AtB H H H H
Mining and Quarrying C H H H H
Total Manufacturing D H H H H
Electricity, Gas and Water Supply E N N N N
Construction F N N N N
Wholesale and Retail Trade G N N N N
Hotels and Restaurants H N H N N
Transport, Storage and Communication 1 H H H H
Financial Intermediation J H H H N
Real Estate, Renting and Business Services K N N H N
Community Social and Personal Services LtQ N N N N
Color line in Fig. 14 to 17 blue yellow red black

Notes: H stands for the Traded sector and N for the non-traded sector.

Results We start with the analysis of the sensitivity of aggregate effects of a technology shock to
the classification of industries as tradables or non-tradables. As displayed in Fig. 14, the conclusions
for aggregate effects are not sensitive to sector classification. When contrasting the effects across
their magnitude, treating ” Real Estate, Renting and Business Services” as tradables tends to amplify
the positive response of real GDP. Conversely, treating ” Hotels and Restaurants” as tradables merely
modifies the results quantitatively.

We investigate below the robustness of our results related to the effects of a technology shock
biased toward the traded sector on the sectoral composition and redistributive effects. Fig. 15
and Fig. 16 contrast sectoral and reallocation effects of higher productivity of tradables relative to
non-tradables according to the classification of industries. First, as displayed in the red line ("Real
estate, renting and business services’ classified as H), more labor shifts toward the non-traded sector
while the relative wage of the traded sector increases instead of declining. With the exception of
the latter finding, all of our conclusions hold. In Fig. 17, we investigate whether our conclusion for
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Figure 14: Sensitivity of the Effects of Technology Shock Biased toward the Traded Sector
on Aggregate Variables to the Classification of Industries as Tradable or Non-Tradable.

Notes: Exogenous increase of TFP in tradables relative to non-tradables adjusted with labor income shares by 1%.
Aggregate variables include GDP (constant prices), total hours worked and the real consumption wage. Horizontal
axes indicate years. Vertical axes measure percentage deviation from trend in output units (GDP), percentage
deviation from trend in labor units (total hours worked) and percentage deviation from trend (real consumption
wage). Results for baseline specification are displayed by solid lines with shaded area indicating 90 percent confidence
bounds obtained by bootstrap sampling. The yellow line and the red line show results when "Hotels and restaurants’
and ’Real Estate, renting and business services’ are treated as tradables, respectively. The black line shows results
when 'Financial intermediation’ is classified as tradables. Sample: 17 OECD countries, 1970-2013, annual data.

redistributive effects (i.e., for sectoral LIS) is robust to the classification of industries. Across all
scenarios, LISs in both sectors increase, except when treating ”Real Estate, Renting and Business
Services” (as displayed by the red line) as tradables. While sectoral LISq do not change when
treating ”Real Estate, Renting and Business Services” as a traded industry, the capital-labor ratio
in the traded and non-traded sector falls which implies that technological change is biased toward
labor in both sectors, otherwise LIS would decline. Across all scenarios in Fig. 17, the discrepancy
in the estimated effect is not statistically significant.

G.4 Breaking Down Sectoral LIS into a Within- and Between-Effect

In the main text, we document evidence which reveals that LISs increase in both the traded and the
non-traded sector. Because both sectors are made up of several industries, the change in the LIS
of the broad sector is driven by changes in LIS within sub-sectors (keeping the value added share
of the sub-sectors fixed) and also by changes in the value added share of those sub-sectors (keeping
the LIS of each sub-sector fixed). We break down below the change in the LIS of the broad sector
j = H, N into a within- and a between-effect.

To explore empirically the contribution of the change in the LIS of each sub-sector to the change
in the LIS of sector j, we proceed as follows. As shall be useful,

WiLL =Y WL, (117a)
k
Wi L WEILE vig
piyi => phaykd "t (117b)
t -t k t t
si,t = slzjt wi kI (117¢)
k

Yikij _ PV

4 = i the share of value added of sub-sector k in sector j in the

where we denote by w
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Figure 15: Sensitivity of the Effects of Technology Shock Biased toward the Traded Sector
on Sectoral Variables to the Classification of Industries as Tradable or Non-Tradable. Notes:
Exogenous increase of TFP in tradables relative to non-tradables adjusted with labor income shares by 1%. Horizontal
axes indicate years. Vertical axes measure percentage deviation from trend in GDP units (sectoral output, sectoral
value added shares), percentage deviation from trend in total hours worked units (sectoral hours worked, sectoral
labor shares), and percentage deviation from trend (sectoral real consumption wages and sectoral relative wages).
Results for baseline specification are displayed by solid lines with shaded area indicating 90 percent confidence bounds
obtained by bootstrap sampling. The yellow line and the red line show results when "Hotels and restaurants’ and
"'Real Estate, renting and business services’ are treated as tradables, respectively. The black line shows results when
’Financial intermediation’ is classified as tradables. Sample: 17 OECD countries, 1970-2013, annual data.

86



ot - ot - ot -

(a)n 2 P:elatsive S (b; 2 RAelatsive S (C)0 Z I%A(ela‘usive8 ’
Productivity, Z = Productivity, Z = Productivity, Z =
(z")" / (z") (2")" /(2% (2")" / (2%)"
03 k— 03 %

02 02 \
0.15

01 01
02

(d) Relative Value (e) Relative Value (f) Relative Hours
Added, YH /YN Added, Y# /YN Worked, L7 /LY

1/\; ﬁ:’ / "\ il 03

06/ ZZ //\ 01 /

(g) Relative Price of (h) TOT, PH/PF (i) Relative Wage of

Non-Tradables, Non-Tradables,
pP=pPY/pPH Q=wH/wh

6

10

Figure 16: Sensitivity of the Effects of Unanticipated Technology Shock Biased toward
the Traded Sector on Sectoral Variables to the Classification of Industries as Tradable or
Non-tradable. Notes: Exogenous increase of TFP in tradables relative to non-tradables adjusted with labor
income shares by 1%. Horizontal axes indicate years. Vertical axes measure deviations from trend (ratio of traded
value added to non-traded value added and ratio of hours worked of tradables to hours worked of non-tradables),
percentage deviation from trend (relative price of non-tradables, terms of trade and relative wage). Results for
baseline specification are displayed by solid lines with shaded area indicating 90 percent confidence bounds obtained
by bootstrap sampling. The yellow line and the red line show results when ’Hotels and restaurants’ and ’Real Estate,
renting and business services’ are treated as tradables, respectively. The black line shows results when ’Financial
intermediation’ is classified as tradables. Sample: 17 OECD countries, 1970-2013, annual data.
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Figure 17: Sensitivity of the Effects of Unanticipated Technology Shock Biased toward
the Traded Sector on Sectoral Variables to the Classification of Industries as Tradable or
non-tradable. Notes: Exogenous increase of TFP in tradables relative to non-tradables adjusted with labor
income shares by 1%. Horizontal axes indicate years. Vertical axes measure deviations from trend (ratio of labor
compensation to value added at current prices) and percentage deviation from trend in capital stock units (ratio of
capital to labor). Results for baseline specification are displayed by solid lines with shaded area indicating 90 percent
confidence bounds obtained by bootstrap sampling. The yellow line and the red line show results when "Hotels and
restaurants’ and ’Real Estate, renting and business services’ are treated as tradables, respectively. The black line
shows results when ’Financial intermediation’ is classified as tradables. Sample: 17 OECD countries, 1970-2013,
annual data.
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value added of sector j at current prices and at time ¢. Log-linearizing (117c) leads to:

J _ ~Y.k,j g .kd k,j k,j
dsp,, = E w Bl dsT + s dwy
J oYk g, Yok
dsp, ~YkiSL 5y dsL kg dwy
=L = " — Y s
3 ~J 5k 3 oYk
Lt L k L

§7Lt = ZO‘L’] (§Lt Af’k’j) 5 (118)

where o7 is the labor compensation share of sub-sector k in sector j, i.e.,

F0 ki [k
kj _ ~YkjiSL
oy’ =w = — 119
L 5‘2 WilLi ( )

From eq. (118), we are able to write the within-between decomposition for each sector j across
industries k: _ o
Aj t_ Z a Jé’zjt + Z dkdd)f’j ’ (120)
k

Within Effect Between Effect

where @* refers to the labor compensation share averaged over 1970-2013. Eq. (120) shows that
the response of the LIS in sector j can be decomposed into a within-effect (keeping the value added
share constant) and a between-effect (keeping the LIS constant). In accordance with (120), we first
construct time series for the LIS of the broad sector j = H, N as if the value added share remained
constant over 1970-2013:

LIS?unthm Z Q = Akd (121)

Eq (121) corresponds to the within-effect. We estimate the same VAR as in the main text, i.e.,
[Zit, (LISmthm)lt, l%ft] where variables enter the VAR model in growth rates, except that the LIS is
constructed in accordance with eq. (121). The response of LISmthm to a shock to a productivity
differential will allow us to calculate the rise in the LIS if the value added share remained constant.

Next, we construct time series for the LIS of the broad sector j = H, N as if the LIS in sub-sector
k remained constant over 1970-2013:

LISbetween Z O?kyj@fyj' (122)
k

Eq. (122) corresponds to the between-effect. We estimate the same VAR as in the main text, i.e.,
(Zit, (LIS .y een )it, k2,] Where variables enter the VAR model in growth rates, except that the LIS is
constructed in accordance with eq. (122). The response of LISbetween to a shock to a productivity
differential will allow us to calculate the rise in the LIS driven by changes in value added shares of
sub-sectors. Once we have estimated the responses of (121) and (122), we then sum the responses:
LIS?

rescaled —

= LIS, + LIS (123)

within between "

We refer below to (123) as the responses of re-scaled LIS of sector j. Importantly, equation (123) al-
lows us to also gauge the contribution of each component to the re-scaled LIS variation by calculating
LISwzthm LISre‘;caled and LISbetween LISrescaled

Fig. 18 shows the responses of variables of interest to a 1% permanent increase in traded
relative to non-traded TFP. For each sector j = H, N, the blue line shows the dynamic adjustment
of the LIS (A] t) after the technology shock while the dashed red line and the dotted green line
display the within effect and the between effect respectively. The sum of the two components, the
re-scaled LIS (eq. (123)), is displayed by the black line. While according to (123), the sum of
the within- and between-effect should be, by construction, equal to the response of s}, our results
show that the discrepancy between the blue line (i.e. the empirical response of SJL) and the black
line (corresponding to the response of the re-scaled LIS of sector j) is reassuringly small along the
dynamic adjustment. For tradables, the observed increase in the labor share is mostly driven by the
between effect at impact only, i.e. at time the shock occurs, the increase in s¥ is due to changing
value added shares of industries. Afterwards, and critical for our analysis, the increase in the LIS in
the traded sector is predominantly explained by the within component. On average, more than 60%
of the LIS increase in sector H can be attributed to the rise in LIS in sub-sectors. Turning to the
non-traded sector, the contribution of the within-effect is lower but remains significant at roughly
30%. But as we shall see below, this conclusion is deceptive. The reason is that for the within-effect,
the LIS falls in some countries and rise in others so that on aggregate, the LIS is unresponsive on
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Figure 18: Decomposition of Effects of Unanticipated Technology Shock Biased toward the
Traded Sector on LIS. Notes: Exogenous increase of TFP in tradables relative to non-tradables adjusted with
labor income shares by 1%. Horizontal axes indicate years. Vertical axes measure percentage deviations from trend.
In both panels the solid blue line shows the response of the labor share in sector j, §JL,“, to identified technology
shock biased toward the traded sector. The dashed red line displays the adjustment of within component (eq. (121))
while the dotted green line displays the the adjustment of between component (eq. (122)). The black line represents
the response of the sum of the two components (see (123)).

impact. To address this problem, we have to estimate the within effect at a country level. In other
words, we cannot draw any conclusion from the decomposition (123) when considering the whole
sample.

According to the evidence displayed in the main text, the responses of sectoral LIS for the whole
sample masks a wide cross-country dispersion since the LIS increases in half of the countries approxi-
mately and falls in the remaining sample. Accordingly, to gauge the contribution of the within-effect
in a consistent way, we have re-estimated the VAR models [Zy;, 870> k1) and [Zig, (LIS? - Vit el
for one country at a time and plot responses of sectoral LIS on the vertical axis against estimated
responses of LIS? ... ~on the horizontal axis in Fig. 19. Impact (long-run resp.) responses, i.e. at
time ¢t = 0 (¢ = 10 resp.) are displayed in the first (second resp.) row of Fig. 19. In each panel,
we obtain a strong and positive cross-country relationship between the change in the LIS and that
of the within-effect.*” Focusing on impact responses in sector H, 15 countries (out of 17) lie in the
north-east or south-west of the scatter plot, indicating that short-run changes in sZ and Lis?,, .
have the same sign (the two exceptions are CAN and NLD for which the impact response of s
is positive while the impact response of LIS?, . is negative). In the long-term, essentially the
same picture emerges in the traded sector as the direction of the response of s collapses to the
direction of the response of LIS, . for 14 countries out of 17 (exceptions are CAN, DNK and
NOR). For the non-traded sector, we reach the same conclusion: at impact and in the long-run, for
all countries (with the notable exception of JPN at time ¢ = 10), the sign of the empirical response
of s# is consistent with that of the within-effect LISZ,,, . .

Finally, Table 22 reports the decomposition from eq. (123) and shows the contribution of the
within-effect to the re-scaled LIS change in both sectors, at different time horizon. The results
summarized in Table 22 show that, on average, about 60% of either short- and long-run changes
in the LIS in tradables after an increase in traded relative to non-traded TFP can be attributed
to the within-effect. The contribution of the within effect stands at 80% on impact and 66% in
the long-run. Overall, these results confirm that the response of the LIS in sector j = H, N to a
technology shock is mostly explained by the responses of LISs in sub-sectors rather than the change
in the value added composition.

G.5 Alternative Calculations of LIS

When exploring empirically the redistributive effects of a technology shock biased toward the traded
sector, an issue is the way the share of labor in total income is constructed. Gollin [2002] pointed
out that the treatment of self-employment income affects the measurement of the LIS. In particular,
it is unclear how the income of proprietors (self-employed) should be allocated to labor income or
to capital revenue. Here in this paper, our preferred measure (called benchmark bench hereafter)
is to treat all the income of self-employed as labor income. Although this choice overstates the
measure of the LIS, it has the virtue of being simple and transparent. Moreover data involved in
the construction of this calculation of the LIS are comparable across industries and readily available

198lope coefficients of regression lines shown in Fig. 19 range from 0.74 to 1.17 while R-squared fall in
the range [0.59;0.84].
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Figure 19: Cross-Country Effects of Technology Shock Biased toward the Traded Sector
on LIS and LISwithin~ Notes: Exogenous increase of TFP in tradables relative to non-tradables adjusted
with labor income shares by 1%. Horizontal axes report responses of LISanm obtained by running the VAR
[Z;1, LIS,

OECD countries, 1970-2013, annual data. Impact (long-run resp.) responses, i.e. at time ¢ = 0 (¢ = 10 resp.) are

ithm,izvi{gt]' Vertical axes show responses of §£,it obtained from the VAR [Zit,§i’it,l%{t}. Sample: 17

displayed in the first (second resp.) row.

Table 22: Contribution of the Within-component to the re-scaled LIS Variation (in %)

Country Sector H Sector N
Impact Long-Run | Impact Long-Run
AUS 23.73 41.60 81.88 62.09
AUT 81.42 53.48 89.37 24.43
BEL 99.34 89.13 66.98 45.15
CAN 10.87 38.58 64.47 58.99
DEU 90.10 92.80 93.30 68.93
DNK 78.62 12.23 87.49 79.36
ESP 76.35 52.47 58.94 63.31
FIN 87.18 44.53 83.24 37.68
FRA 97.62 83.43 79.19 77.04
GBR 43.57 37.40 97.79 79.70
IRL 73.12 39.89 77.68 69.23
ITA 90.12 63.32 96.75 88.13
JPN 89.85 94.44 96.62 43.21
NLD 12.80 89.39 49.85 91.25
NOR 44.81 15.74 87.60 86.89
SWE 74.58 90.59 64.09 53.81
USA 63.71 70.74 90.83 90.93
Mean 66.93 59.40 80.36 65.89
Notes: each entry in the table gives, for each sector j =

H, N and horizon ¢t = 0,10, the share of re-scaled LIS
change attributed to the within-component, i.e. 100 x

(LIS?

within

JLIS?

rescaled) .

for all countries of our sample. Specifically, the LIS in sector j = H, N is constructed as follows:

J J ]
Sj,bench _ WemplLempl + Inc;elf (124)
L - PiYi )
where WejmplLimpl is the labor compensation of employees, Incse ¢ is total income of self-employed

and P7Y7 is the valued added at current prices in sector j. Note that labor compensation of
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employees includes total labor costs: wages, salaries and all other costs of employing labor which
are borne by the employer whilst Incge s comprises both labor and capltal income components,
noted WselfLself and Rselstel respectively such that Inc;elf = SelfLself + Rselstelf

As a first alternative measure of the LIS, we use only employees compensation as a measure of
labor income. This LIS measure, denoted by s%l, is constructed as follows:

syl = WemptLempt, (125)
PiYJ

Measure (125) omits the income of the self-employed, i.e. this income is totally counted as capital
income.

As a second alternative measure, we split self-employed income into capital and labor income
based on the assumption that the labor income of the self-employed has the same mix of labor
and capital income as the rest of the economy In other words, total labor compensation comprises

labor compensation of employees Wempl empt> and the self—employed income scaled by the LIS of

employees only, i.e. [ nciel 5 X sy L . With this adjustment, the LIS, denoted by s7~, is constructed
as follows: 1
Sj,2 _ ngpl empl + Incielf x SJL (126)
L PiYi '

Finally, the last alternative to compute the LIS relies upon the assumption that self-employed
earn the same hourly compensation as employees. Thus, we use the hourly wage earned by employees
ngpl as a shadow price of labor of self-employed workers. The LIS, denoted by s£3, is constructed
as follows:

Wt * By + Lay)
] 3 _ empl empl self
L - P-] YJ (127)

In Fig. 20 we display the results of this sensitivity analysis with respect to the construction of the
labor income share. To do so, we measure the effects of an exogenous increase in TFP of tradables
relative to non-tradables by 1% on LIS and capital-labor ratio in sector j = H, N by contrasting
the impulse response functions of the two variables When the LIS is measured as either s]L’be"Ch

(blue line), or s]L (red line), or st (green line), or s7 ? (black line). The IRFs are obtained for

each specification by running the VAR model [Zit, ST.its kg} and [Zm ST.it> “} As Fig. 20 shows,

the responses of LIS and capital-labor ratios for the four specifications are qualitatively similar. In

panels (a) and (c), the IRFs obtained with the three alternative measures of si are well within
the confidence interval (for the benchmark specification sﬁbemh) for all horizons. Overall, our main
findings regarding the response of SJL and k’ for j = H, N to an increase in TFP of tradables to
non-tradables are robust and unsensitive to the way the share of labor in total income is constructed

in the data.

G.6 Identified Technology Shocks across Alternative VAR Specifications

We address a potential concern related to the fact that the technology shock may display notice-
able differences across alternative VAR specifications. Such differences could potentially make the
comparison of the effects of a technology shock across sectors difficult. Because in the quantitative
analysis we base our calibration on one unique technology shock, such differences could potentially
undermine the comparison of theoretical with empirical responses. Before summarizing the results
of our robustness exercises, it is worth mentioning that, in line with the current practice, to facilitate
the interpretation of our results, we normalize the shock to a productivity differential to 1% in the
long-run. Such a normalization thus makes the responses of economic variables directly comparable
quantitatively across VAR models. However, even if the magnitude and the shape of the technology
shock is similar across VAR specifications, different VAR models could pickup different structural
technology shocks, i.e., underlying sectoral TFPs responses could differ across VAR specifications.
In order to investigate the extent of the discrepancy in the estimated responses caused by potentially
different technology shocks across VAR specifications, we identify the technology shock in the base-
line VAR model which includes aggregate variables and augment all VAR models with the identified
technology shock ordered first. Reassuringly, the discrepancy in estimated responses turns out to
be quite moderate in all robustness exercises.

We conduct below an elaborate investigation of the potential discrepancy in the estimated effects
caused by considering alternative VAR models. To perform such an analysis, we proceed as follows.
Once we have identified the technology shock in the first VAR model that includes aggregate variables
xit = [Zit, Yie, Lit, We ], we augment each VAR model with the identified technology shock, ordered
first. More precisely, we run the following VAR specifications:

o 2 = [Zzt,Y — Vi, B, — Ly, Wi, — Wztl for j = H,N,
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Figure 20: Effects of Technology Shock Biased toward the Traded Sector on LISs and
Capital—Labor Ratios. Notes: Exogenous increase of TEFP in tradables relative to non-tradables adjusted with
labor income shares by 1%. Sectoral variables include labor income shares and capital-labor ratios. Horizontal axes
indicate years. Vertical axes measure deviations from trend (ratio of labor compensation to value added at current
prices) and percentage deviation from trend in capital stock units (ratio of capital to labor). Results for baseline
specification (eq. (124)) are displayed by solid lines with shaded area indicating 90 percent confidence bounds
obtained by bootstrap sampling; sample: 17 OECD countries, 1970-2013, annual data. The red line reports results
for specification (125) when s} = st’l. The green and black lines shows results for specifications (126) and (127)
respectively, i.e. s = 322 for the green line and s = 323 for the black line.
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o ol = e, Zu, VI - VI, PY - Pl | and off = [, 2y, Vil - VY, PH - PF,

it it

o LIS = |:€7%7Z2t,SL Zt,k‘”] for j = H, N,

where ¢ is the the identified technology shock estimated in the baseline VAR model, i.e. zf =

[ZA“, YR,“, f/it, WC,it}' Then, we contrast the responses for the baseline model with those for aug-

mented VAR models.

Fig. 21 and Fig. 22 compare the results in the main text displayed by the solid blue line
with those for the same VAR model augmented with the identified technology shock. As shown
in the first row of Fig. 21 and Fig. 22, across all VAR specifications, the endogenous response of
the productivity differential is quite similar, if not identical, whether the baseline VAR model is
augmented (solid black line) or not with the identified technology shock (solid blue line). Turning
to the sectoral composition effects displayed in Fig. 21, all of the conclusions mentioned in the main
text hold since the solid black line lies for all variables within the original confidence bounds of
those obtained when the VAR model is not augmented with the identified technology shock. We
may notice some slight differences for the relative wage in tradables and non-tradables, but the
discrepancy is not statistically significant, except in the short-run. In Fig. 22, one can observe that
the IRF's fall within the confidence interval for all horizons and all variables, with the exceptions of
the terms of trade and the relative wage of non-tradables (but only in the sort-run for the latter).
Overall, reassuringly, this robustness exercise shows that our different VAR models identify similar
structural technological shocks and it turns out that differences are statistically negligible.

G.7 Robustness Check to Series for Physical Capital

In the main text, due to data availability, we construct time series for sectoral capital by computing
the overall capital stock by adopting the perpetual inventory approach and then by splitting the
gross capital stock into traded and non traded industries by using sectoral valued added shares. In
this Appendix, we investigate whether the effects on k7 we estimate empirically are not driven by
our assumption about the construction of time series for sectoral capital stock. To conduct this
robustness check, we take time series for sectoral capital stock from KLMES and . To conduct this
robustness check, we contrast below empirically the responses of k7 when sectoral capital stocks are
measured by adopting the Garofalo and Yamarik’s [2002] methodology (our benchmark) with those
obtained by using sectoral data on K7 provided by EU KLEMS [2011], [2017] databases. In both
cases, we explore empirically the VAR model [Zm s ity kft] Due to data availability, our results
in the latter case include a sample of nine OECD countries which provide time series on sectoral
capital of reasonable length. To be consistent, our benchmark also includes these nine countries
only.

The methodology by Garofalo and Yamarik’s [2002] is based on the assumption of perfect mo-
bility of capital across sectors and a small discrepancy in the LIS across sectors, i.e., s ~ s, The
assumption of perfect capital mobility implies that the marginal revenue product of capital must
equalize across sectors:

YH
oY
L KtH

N
N Y

PHs —
t L N °
Kt

=PNs (128)

Using the resource constraint for capital, K = K + K~ , dividing the numerator and the denom-

inator in the LHS of (128) by GDP, Y, and denoting by wYJ = B the share of value added of

sector j in GDP at current prices (at time t), eq. (128) can be solved for the K /K:
K/ wp s

K, sf (1 YH) _'_SLthH

(129)

Assuming that s# ~ sl leads to the rule we apply to split the aggregate stock of capital into
tradables and non tradables:

KH
A (130)

In the baseline, we adopt the methodology of Garofalo and Yamarik [2002] to split the national
gross capital stock into traded and non-traded industries by using sectoral value added shares at
current prices. Let w7 be the share of sector j’s value added (at current prices) P/Y7 for j = H, N
in overall output (at current prices) Y = PHYH 4+ PNYN | the allocation of the national capital
stock to sector j is given by the rule:

Py
K

Kg;'Y = wY’jK = Y )

(131)
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Figure 21: Assessing Differences Caused by Potentially Identifying Different Technology
Shocks across VAR Models. Notes: Exogenous 1% increase in TFP of tradables relative to non-tradables.
Horizontal axes indicate years. Vertical axes measure percentage deviation from trend in GDP units (sectoral value
added shares), percentage deviation from trend in hours worked units (sectoral labor shares), and percentage deviation
from trend (sectoral relative wages). Results for baseline specification are displayed by solid blue lines with shaded
area indicating 90 percent confidence bounds obtained by bootstrap sampling. The solid black line reports the results
for the same VAR model which is augmented with the identified technology shock obtained in the baseline VAR

model xﬁ = [Zit, YR,it: [A@t, Wc,it}. Sample: 17 OECD countries, 1970-2013, annual data.

95



:

(an) Relative Pri)d.],n (bn) Relative F‘rﬂod.],0 (CS I{ZelaéiveﬁPrz)d.:n (dn) Relative Prgod.]j
(2 (2")" (2" (2"’ (2 (2")" (2" (2")’

015
03 03

01 /\/— 005
02 02

005

(e) Relative Value  (f) Relative Value (g) H-OLIS, s (h) N—OLIS7 s

Added Y /YN Added Y /YN

N PN N~ I~

01
0 i N\ 02
08

1 03 2.

(i)u Relative Pr;ce, (j)v Terms of Tr;de]: (ku) éapitaliLafoorm (l)ﬂ Czapiatal-ﬁLal%)or]
p=pN/pH PH/PF Ratio, & Ratio, kY

6 10 0

Figure 22: Assessing Differences Caused by Potentially Identifying Different Technology
Shocks across VAR Models. Notes: Exogenous 1% increase in TFP of tradables relative to non-tradables
adjusted. Horizontal axes indicate years. Vertical axes measure deviations from trend (ratio of traded value added
to non-traded value added and ratio of labor compensation to value added at current prices), percentage deviation
from trend (relative price of non-tradables, terms of trade) and percentage deviation from trend in capital stock
units (ratio of capital to labor). Results for baseline specification are displayed by solid blue lines with shaded area
indicating 90 percent confidence bounds obtained by bootstrap sampling. The solid black line reports the results for
the same VAR model which is augmented with the identified technology shock obtained in the baseline VAR model

a:ﬁ = [ZAit,YR,it, Lit, VAVC’“]. Sample: 17 OECD countries, 1970-2013, annual data.
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where we denote the sectoral stock of capital obtained with the decomposition by Garofalo and
Yamarik [2002] by K. National capital stocks are estimated from the perpetual inventory ap-
proach. Following Garofalo and Yamarik [2002], the gross capital stock is then allocated to traded
and non-traded industries by using sectoral value added shares according to eq. (131). Once the
series for K, are obtained, we can construct the sectoral capital-labor ratios, kL, = Ky / L7,
and sectoral TFPs, Zéy, which are constructed as the Solow residual.

As a robustness check, we alternatively take capital stock series from the EU KLEMS [2011]
and [2017] databases which provide disaggregated capital stock data (at constant prices) at the
1-digit ISIC-rev.3 level for up to 11 industries, but only for nine countries of our sample over the
entire period 1970-2013 (AUS, CAN, DNK, ESP, FIN, GBR, ITA, NLD and the USA). 50 For future
reference, we denote the sectoral stock of capital and TFP by K k ;and TF PK 1, respectively, when
we take sectoral data from the EU KLEMS [2011], [2017] databases.

Before presenting VAR estimates from the sensitivity analysis with respect to the calculation of
sectoral capital stocks, we show pairwise correlations between selected variables (K7, k% and Z7 for
j = H, N along with the identified structural productivity shock €#) constructed with the Garofalo
and Yamarik [2002] methodology or alternatively with the direct use of the EU KLEMS [2011] and
[2017] databases. We focus on the full available sample period 1970-2013 for 9 OECD countries
(AUS, CAN, DNK, ESP, FIN, GBR, ITA, NLD and the USA). Table 23 provides the summary
results for pairwise correlations. Series for all variables are positively and highly correlated, the
average pairwise correlation is 0.885 and the correlation coefficients range from a low 0.755 for the
identified technological shock € to a high of 0.983 for K. These results are suggestive, but of
course not dispositive, that Garofalo and Yamarik’s [2002] approach provides consistent estimates
of the capital stock at the sectoral level.

Table 23: Sectoral Capital Stocks: Correlations for Selected Variables

Variable (ng KIP(IL) (Kg)m KI]\(]L) (kgy, kgL) (ngz kI]\{rL) (Zay,ZkL) (€Gv,€kL)

correlation 0.907 0.983 0.906 0.789 0.973 0.755
Notes: subscripts ?GY” and "KL” refer to the two methods to construct sectoral capital stocks. K7 is the
capital stock in sector j = H, N, k7 is the capital-labor ratio in sector j = H, N, Z = (ZH)®/(ZN)? is the labor
share-adjusted TFP ratio between traded and non-traded sectors with a = [(1 —ay) + oy (s /s )} (g
being the tradable share in total investment expenditure) and b = a(s /sIV) and € is the identlﬁed technology

shock obtained by running the VAR including aggregate variables, i.e., :EZAt = [Zit, Yz’t, Lm WC,it]- Sample: 9
OECD countries (AUS, CAN, DNK, ESP, FIN, GBR, ITA, NLD and the USA), annual data; 1970-2013.

Next, Fig. 23 plots identified shocks to the productivity differential, e, obtained with the two
measures of Solow residuals constructed from sectoral capital stocks by adopting the two alternative
methods. We detect very small differences between the two sets of data for all considered countries.
Next, in Fig. 24 we plot estimated shocks ¢? using KLEMS data on the vertical axis against
estimated shocks € using the method of Garofalo and Yamarik [2002] on the horizontal axis. In
line with results presented above, the scatter-plot shows a strong positive correlation. Also reported
in Fig. 24 is a regression line, whose slope coefficient and standard error are 1.040 and 0.020
respectively, implying that the estimated coefficient is significant at the 1% level (the R-squared is
0.878).

Finally, we compare the responses of k7 for the baseline method to split the national gross capital
stock into tradables and non-tradables with those obtained from the alternative approach where we
take data on sectoral capital from KLEMS [2011], [2017] databases. We estimate the effects of a 1%
permanent increase in TEFP of tradables relative to non-tradables on the capital-labor ratio in sector
Jj = H, N and contrast the IRFs whether the sectoral capital stock is measured by K7 (blue line)

or by K %( 1, (black line). In both cases, we estimate the VAR model which includes the LIS and the

LIS,H 5 4 ; LIS,N 2 s
capital-labor ratios, i.e., z; SH — [Zit,sfit,k:g] and x;; SN — [stL mkn} As shown in Fig.

25, the responses of capltal—labor ratios for the two methods are qualitatively similar since the solid
black line lies within the original confidence bounds of those obtained when K7 is constructed with
the use of the methodology of Garofalo and Yamarik [2002]. In particular, one can observe that the
discrepancy in the results is small and not statistically significant at conventional level. Overall,
our main findings regarding the response of k7 for j = H, N to an increase in TFP in tradables to
non-tradables are robust and unsensitive to the way the sectoral capital stocks are constructed in
the data.

59IRL and NOR do not provide disaggregated capital stock series. In efforts to have a balanced panel
and time series of a reasonable length, AUT (1976-2013), BEL (1995-2013), DEU (1991-2013), FRA (1978-
2013), JPN (1974-2007) and SWE (1993-2007) are removed from the sample, which leaves us with 9 OECD
countries over the period 1970-2013.
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Figure 23: Identified Technology Shock €Z from Garofalo-Yamarik or KLEMS methodology:
Time-series Evidence. Notes: "GY” refers to the case where we use methodology of Garofalo and Yamarik
[2002] to split the national gross capital stock into traded and non-traded industries. ”KLEMS” refers to the case
where we use the EU KLEMS [2011] and [2017] databases to construct sectoral capital stocks series. The identified
technology shock €Z is obtained by running the VAR including aggregate variables, i.e., z; = [Zit, Yie, Lit, WC,it]
(sample: 9 OECD countries, 1970-2013, 2 lags).
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Figure 24: Identified Technology Shock €Z: Cross-Country Comparisons between Garofalo-
Yamarik and KLEMS methodologies. Notes: subscript ”GY” refers to the case where we use methodology
of Garofalo and Yamarik [2002] to split the national gross capital stock into traded and non-traded industries.
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Figure 25: Effects of Technology Shock Biased toward the Traded Sector on Capital-Labor

Ratios. Notes: Effects of a 1% permanent increase in TFP of tradables relative to non-tradables. Horizontal axes
indicate years. Vertical axes measure percentage deviation from trend in capital stock units. Results for baseline
specification (i.e. we use methodology of Garofalo and Yamarik [2002] to construct the sectoral capital stocks K
and K) are displayed by blue lines with shaded area indicating 90 percent confidence bounds obtained by bootstrap
sampling; sample: 9 OECD countries, 1970-2013, annual data. The black line reports results when we use the EU
KLEMS [2011] and [2017] databases to construct sectoral capital stocks series K7.
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H Semi-Small Open Economy Model

This Appendix puts forward an open economy version of the neoclassical model with tradables and
non-tradables, imperfect mobility of labor across sectors, capital adjustment costs and endogenous
terms of trade. This section illustrates in detail the steps we follow in solving this model. We assume
that production functions take a Cobb-Douglas form since this economy is the reference model for
our calibration as we normalize CES productions by assuming that the initial steady state of the
Cobb-Douglas economy is the normalization point.

Households supply labor, L, and must decide on the allocation of total hours worked between the
traded sector, L7, and the non-traded sector, LY. They consume both traded, C”, and non-traded
goods, CV. Traded goods are a composite of home-produced traded goods, C¥, and foreign-
produced foreign (i.e., imported) goods, C*. Households also choose investment which is produced
using inputs of the traded, JT, and the non-traded good, JV. As for consumption, input of the
traded good is a composite of home-produced traded goods, J¥, and foreign imported goods, JF.
The numeraire is the foreign good whose price, P¥', is thus normalized to one.

H.1 Households

At each instant of time, the representative household consumes traded and non-traded goods denoted
by CT and C¥, respectively, which are aggregated by means of a CES function:

C= [Wi (€)T £ (1- ) (C )ﬂ“, (132)

where 0 < ¢ < 1 is the weight of the traded good in the overall consumption bundle and ¢
corresponds to the elasticity of substitution between traded goods and non-traded goods. The
index C7' is defined as a CES aggregator of home-produced traded goods, C¥ , and foreign-produced
traded goods, CF":

cT = {(@H); (C*)T 11— om)? (CF)T] . (133)

where 0 < g < 1is the weight of the home-produced traded good in the overall traded consumption
bundle and p corresponds to the elasticity of substitution between home-produced traded goods
goods and foreign-produced traded goods.

As in De Cordoba and Kehoe [2000], the investment good is produced using inputs of the traded
good and the non-traded good according to a constant-returns-to-scale function which is assumed
to take a CES form:

pg—1

J=JJT,0N) = {mﬂ (JT) 77 4 (1 =077 (JV) %1} R (134)

where ¢ is the weight of the investment traded input (0 < ¢ < 1) and ¢ corresponds to the elasticity
of substitution in investment between traded and non-traded inputs. The index J7 is defined as a
CES aggregator of home-produced traded inputs, J, and foreign-produced traded inputs, J%:

pPy—1

T R RN (R eyt R (135)

where 0 < v < 1is the weight of the home-produced traded in input in the overall traded investment
bundle and p; corresponds to the elasticity of substitution between home- and foreign-produced
traded inputs.

Following Horvath [2000], we assume that hours worked in the traded and the non-traded sectors
are aggregated by means of a CES function:

€

e+1 | e+1
€

L= |97 (LH)% + (=)L) : (136)

where 0 < ¢ < 1 is the weight of labor supply to the traded sector in the labor index L(.) and e
measures the ease with which hours worked can be substituted for each other and thereby captures
the degree of labor mobility across sectors.

The representative household chooses consumption, decides on labor supply, and investment
that maximizes his/her lifetime utility:

o 1 1— L 1 1+ -1 _
U:/O {1_1%) iy w0 ﬂL}e Ptat, (137)

oc oL
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subject to the flow budget constraint:

N(t) =r*N(t) + R(t)K(t) + W(t)L(t) — T(t) — Pc (PT(t), PN (t)) C(t) — Py (PT(t), PN (t)) {(t),)
138
and capital accumulation which evolves as follows:

K(t) =1I(t) — 6 K (t), (139)
where [ is investment and 0 < dx < 1is a fixed depreciation rate. The first term on the RHS of (138)
r*N(t)+ R(t)K(t) + W (t)L(t) — T(t) is the representative household’s real disposable income while
the second term on the RHS, i.e., Pc (PT(t), PN(t)) C(t) + P; (P¥(t),PN(t)) J(t), corresponds
to consumption and investment expenditure including capital installation costs. More specifically,
we assume that capital accumulation is subject to increasing and convex cost of net investment,
I(t) — o K (¢):
J@)=1I(t)+ ¥ (I(t), K(t)) K(¢), (140)
where W (.) is increasing (i.e., ¥'(.) > 0), convex (i.e., ¥”(.) > 0), is equal to zero at dx (i.e.,
U(dx) = 0), and has first partial derivative equal to zero as well at dx (i.e., ¥'(0x) = 0). We
suppose the following functional form for the adjustment cost function:

w0, K (1) = 5 (II(((’?) - aK) . (141)
Using (141), partial derivatives of total investment expenditure are:
aJ(t) I(t)
a[i(t) = 1+H<I((t)_5K), (142&)
aJ(t) k[ I(t) 1(t)
sy ~ s () (& o) (1420)

Denoting the co-state variables associated with (138) and (139) by A and @', respectively, the
first-order conditions characterizing the representative household’s optimal plans are:

C(t) = (Po(t))) ™7, (143a)

L(t) = (WM, (143b)

Q) = Pato) 14w (50~ 6 ) | (1430)

At) =A(B=17), (143d)

Q) = (™ +6x) Q(¢) — {R(t) 0L (II{((% - 5K) (IQ((% + 5K) } L (143¢)

and the transversality conditions lim;_,.o AN (t)e™"" = 0 and lim;_o, Q(t)K (t)e=?! = 0; to derive
(143c) and (143e), we used the fact that Q(t) = Q'(t)/A(¢).

Given the above consumption indices, we can derive appropriate price indices. With respect to
the general consumption index, we obtain the consumption-based price index Pg:

1
Po=[o(PT) 7+ (1) (P)7] 77, (144)
where the price index for traded goods is:
_1
P = o (PH) ™+ (1—pm)| ™" (145)

Given the consumption-based price index (144), the representative household has the following
demand of traded and non-traded goods:

T = (i) ﬂb C, (146a)
CN =(1-¢) (1;:) 7¢ C. (146b)

Given the price indices (144) and (145), the representative household has the following demand
of home-produced traded goods and foreign-produced traded goods:

cH = (I;Z) _¢ on (i:) _pc, (147a)
ctf =y (i) ’ (1— ) <PlT) B C. (147b)



As will be useful later, the percentage change in the consumption price index is a weighted
average of percentage changes in the price of traded and non-traded goods in terms of foreign
goods:

Po = acPT + (1 —ac) PV, (148a)
PT = ayPH, (148b)

where a¢ is the tradable content of overall consumption expenditure and o is the home-produced
goods content of consumption expenditure on traded goods:

TN 1—¢
acwc;) , (1492)
pNN\'T?
l—ac=(1-¢) (P) ; (149b)
C
HN 1=p
ol = oy (;) , (149c)
1\""
1—aoff =(1-9p) (PT) : (1494)

Given the CES aggregator functions above, we can derive the appropriate price indices for
investment. With respect to the general investment index, we obtain the investment-based price
index Pj:

1
Py = [0 (D)™ 4 (1= (PY) ] (150)
where the price index for traded goods is:

PT = [ (PH) 77 4 (1= )] = (151)

Given the investment-based price index (150), we can derive the demand for inputs of the traded
good and the non-traded good:

pT —¢J
JT =, <J> J, 152a
pN —dJ
JN =1 -1 () J. (152b)
Py

Given the price indices (150) and (151), we can derive the demand for inputs of home-produced
traded goods and foreign-produced traded goods:

pT —dg pHN\ P
JH = (I) M <) J, 153a
P, PT (1530)

F PJT o H 1\
JU = — 1—1¢ — J. 153b
(F) 0= () (153b)

As will be useful later, the percentage change in the investment price index is a weighted average
of percentage changes in the price of traded and non-traded inputs in terms of foreign inputs:

P;=a;PT + (1 —ay) PV, (154a)
P} =olf P, (154b)

where «; is the tradable content of overall investment expenditure and a{,{ is the home-produced
goods content of investment expenditure on traded goods:

pT 1-¢y
ay =1 (PJ]> , (155a)
pN 1-¢y
l—ay=(1-1) <) , (155b)
Py
PH 1-ps
H_ H
oy =1 (Pf) . (155¢)
1 1—ps
1—aff = (1-.17) <T> : (155d)
Pj
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The aggregate wage index, W (t), associated with the labor index defined above (136) is:

W= [ (W) 4 (1 9) (W) s

: (156)
where WH and W are wages paid in the traded and the non-traded sectors, respectively.

Given the aggregate wage index, we can derive the allocation of aggregate labor supply to the
traded and the non-traded sector:

L7 =9 (Z;) L, (157a)
LN =(1-9) (VIV;> L. (157b)

As will be useful later, the percentage change in the aggregate wage index is a weighted average
of percentage changes in sectoral wages:

W=a W+ 0 —ar)WV, (158)

where «ay, is the tradable content of aggregate labor compensation:

WH 1+e
ayp = 9 (W) 5 (1593.)
WN 1+e€
H.2 Firms
Both the traded and non-traded sectors use physical capital, K7, and labor, L7, according to constant
returns to scale production functions Y7 = ZJFJ (Kj L7 ) which are assumed to take a Cobb-
Douglas form: v _
vi=z/ (L) (&), j=HN (160)

where #7 is the labor income share in sector j and Z7 corresponds to the total factor productivity.
Both sectors face two cost components: a capital rental cost equal to R, and a labor cost equal to
the wage rate, i.e., W# in the traded sector and W in the non-traded sector.
Both sectors are assumed to be perfectly competitive and thus choose capital and labor by
taking prices as given:
max IV = max {P7Y? - W/L’ — RK’}. (161)
Ki,LJ Ki,Li
Since capital can move freely between the two sectors, the value of marginal products in the traded
and non-traded sectors equalizes while costly labor mobility implies a wage differential across sectors:

PHZH (1— ") (k7)™ =PV zZN (1 - o) (k)" =R, (162a)
PHZHGH (k1) = wH (162b)
PN ZNGN (N)' " = W, (162¢)

where k/ = K7 /L’ denotes the capital-labor ratio for sector j = H, N.
The resource constraint for capital is:

K74+ KN = K. (163)

H.3 Short-Run Solutions

Consumption and Labor

Before linearizing, we have to determine short-run solutions. First-order conditions (143a) and
(143b) can be solved for consumption and aggregate labor supply which of course must hold at any
point of time:

c=c(\PY, P, L=L(\WT W), (164)

with partial derivatives given by
C': —ch\—acacaHpH —oC (1—0[0) PN7 (165&)
L=oih+or(1—ar) WY +opa,WH, (165b)
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where we used (158) and (148).
Inserting first the solution for consumption (164) into (146a)-(147b) allows us to solve for CV,
CH,and OF":

cN=cN(\pPN,pH)y, c?=c"(\PN P"), Ccf=cCF(\PN PT), (166)

with partial derivatives given by

OV = 4PV 1 (¢ —0c) Po — e,

= —[(1—ac)d+acoc] PN + (¢ — o) aca PP — oo, (167a)
cH = — [p (1—aH) +o(1—ace) aH+UcacaH] PH+(1—ac) ((ﬁ—ac)lsN—aCXlG?b)
CF = aflp—¢(1-ac) —ocac] PT+(1—ac) (¢ — oc) PN — oc. (167c)

Inserting first the solution for labor (164) into (157a)-(158) allows us to solve for L¥ and L*:
LT =" (A wHwNy, LV =N A wH wN), (168)
with partial derivatives given by:

LH =le(l—ar)+orar] WH —(1—ar) (e—op) WY + oL, (169a)
LN =leap + o (1 —an)]WN —ayp (e — o) WH + oA (169b)

Sectoral Wages and Capital-Labor Ratios

Plugging the short-run solutions for L¥ and LY given by (168) into the resource constraint
for capital (163), the system of four equations consisting of (162a)-(162c) together with (163) can
be solved for sectoral wages W7 and sectoral capital-labor ratios k7. Denoting by ¢V = KV /K
the share of non-traded capital in the aggregate stock of physical capital and log-differentiating
(162a)-(162c) together with (163) yields in matrix form:

—6H o 0 0 "
(1—0M) 0 -1 0 N
0 (1—-6Y) 0 -1 WH
(1-¢N) 3 Wy Wyw W
PN _pH _ZH 4 7N
—pH _ zH
= _PN _ N ; (170)
K— \Ilj\j\
where we set:
LI Wi LY Wi
Yy = (1 - 5N) VEJH +&" VEJN ’ (171a)
ENLN
N
= 171b
; =, (171b)
Uy = 1-&Mor+&Nop =0y (171c)
The short-run solutions for sectoral wages and capital-labor ratios are:
Wi =w7(\K, PN, P, Zz" ZN), K =k (\ K, PN, PP ZH" ZN). (172)

Inserting first sectoral wages (172), sectoral hours worked (168) can be solved as functions of the
shadow value of wealth, the capital stock, the price of non-traded goods in terms of foreign goods,
PV and the terms of trade:

L =1 (\K,PN, P" z" ZN) . (173)

Finally, plugging solutions for sectoral labor (173) and sector capital-labor ratios (172), production
functions (160) can be solved for sectoral value added:

Vi =v7 (\ K,PN,PH Z" ZN), (174)
where oL Ok
NP Li X L OkI X
Yi =2 — i (1-e) == 17
+§X:8XLJ+( ) ox (175)
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where X = X\, K, PN PH zH 7N,
The Return on Domestic Capital, R
The return on domestic capital is:

9H

R=PHZ" (1-0") (k") . (176)

Inserting first the short-run static solution for the capital-labor ratio k¥ given by (172), eq. (176)
can be solved for the return on domestic capital:

R=R(\K,PN, P 7z ZN), (177)
where partial derivatives are
. Ny okH X
R=2 —_— 178
+§: axX Kk’ (178)

where X =\, K, PN, pH zH zN.
Optimal Investment Decision, I/K
Eq. (143c) can be solved for the investment rate:

% _ <PI(P?PN)> ok, (179)
where )
v()=+ <g] _ 1> , (180)
with
dv() 11

= == 181
vQ 20 K/PJ>O’ (181a)

ov(.) 1 Q ajalf
oPT = xp, pi =0 (181D)

_ o) _ 1Q(1-ay)
=3pv = wp, pv_ <O (181c)

VUpH

UpN
Inserting (179) into (140), investment including capital installation costs can be rewritten as follows:

Lol N
K 2\Kk %) |’

K [v(.) oK+ g (v(.))Q} . (182)

J K

Eq. (182) can be solved for investment including capital installation costs:

J=J(K,Q,P",P"), (183)
where
aJ J
Ty = 2L o (4 r0()) > 0 (184D)
X = X — X . )

with X = Q, PH, PN,
Substituting (184) into (152b), (153a), and (153b) allows us to solve for the demand of non-
traded, home-produced traded, and foreign inputs:

JN =JV(K,Q, PN, P"), J"=J"(K,Q,PY,P"), J"=JF(K QPN ,P"), (185)
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with partial derivatives given by

JN = —a;0;PN + ¢raaPH 4,
L QUrmtg [, QUrm)

Py J
+ ayalf {éfl} - %7(1 +5v('))

JH = (1= 4o, (1—a))] PP+ 6y (1—ay) PV +J,
S { [ps (1=a)+afo; (1—ay)] + al,a‘?g(]"’_’;v('))} pH

T+ (-ay) [@g“*j“”} o QUnlly g 56t

JE = ol lpr—ds(L—an] P+ ¢, (1 —ay) PV +J,

= a?{[m—(bJ(l—aJ)]_aJQ(l""w(‘))}pH

(- OZJ)} PN

] PH LK, (186a)

Q+K, (186¢)

H.4 Market Clearing Conditions

Finally, we have to solve for the relative price of non-traded goods and the terms of trade.
Market Clearing Condition for Non-Tradables
The role of the price of non-tradables in terms of foreign goods is to clear the non-traded goods
market:
YN =cVN+a"N 4+ gV, (187)

Inserting solutions for OV, JNV, YV given by (166), (183), (174), respectively, the non-traded goods
market clearing condition (187) can be rewritten as follows:

YN (N K, PN, PH ZH ZN) = N (N, PN, PH) + GN + TN (188)
Eq. (188) can be solved for the relative price of non-tradables:
PN =uN (K,Q,P",Z" ZN X), (189)
with partial derivatives given by:

ouN (Y - JY)

o = K = AN <0, (190a)
vy = %\Ig = ﬁ, >0, (190b)
UNy = g}ljg _ - CA% —Ten) L, (190c)
o, = gz—g = —% > 0, (190d)
v = g% = —% <0, (190e)

where we set

Market Clearing Condition for Home-Produced Traded Goods

(191)

The role of the price of home-produced goods in terms of foreign-produced goods or the terms

of trade is to clear the home-produced traded goods market:

v =ct gt g7 + xH
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where X# stands for exports which are negatively related to the terms of trade:
XH = gy (PH) X (193)

where ¢ x is the elasticity of exports with respect to the terms of trade.
Inserting solutions for CH, JH YH given by (166), (183), (174), respectively, the traded goods
market clearing condition (192) can be rewritten as follows:

Y (N K, PN, PP ZH ZN) = o (N, PN, PH) + G + T + X7 (PY). (194)
Eq. (194) can be solved for the terms of trade:
P =vt (K,Q,PN,Z" ZN X), (195)
with partial derivatives given by:

owt (YvE —JH)

o = el K. <o, (196a)
ovH  JlH
vl = 50 = N (196b)
owH (Vi —cH, — JH)
Viv = ooy =y >0, (196¢)
owH YA
Vin = oom=—ar <0 (196d)
owH YA
vl = 37V = ——AZ,;V > 0, (196¢)
where we set
A = (YH - Cly — Il — XEu) >0, (197)
where XgH = g);% < 0.

H.5 Solving the Model

In our model, there are three state variables, namely K, Z¥, ZN and one control variable, Q. To
solve the model, we have to express all variables in terms of state and control variables. Plugging
first eq. (195) into (189) allows us to solve for the relative price of non-tradables:

PN =PV (K,Q,z",ZN N, (198)
where partial derivatives (with respect to X = K,Q, Zf, ZN) are given by

oPN N +wN, vk

PX = 5% = an N, (199)
with PR <0, PY >0, P}y 20, Py <0.
Plugging first eq. (198) into (195) allows us to solve for the terms of trade:
P =pPH(K,Q,z",ZN )N), (200)
where partial derivatives (with respect to X = K, Q, Z, ZV) are given by
P = aaP;XH = vl 4wl Py, (201)

with P <0, P§ >0, P, <0, Py s 0.

Substituting solutions for the relative price of non-tradables (198) and the terms of trade (200)
into solutions for consumption (166), sectoral output (174), the return on domestic capital (177),
and the optimal investment decision (179) yields:

Cl =07 (K,Q,z",ZV N, (202a)
Vi =Y’ (K,Q,z",ZN,\), (202b)
R=R(K,Q,z",ZN }X), (202c)
v=u(K,Q,2",Z" X). (202d)
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Remembering that the non-traded input JV used to produce the capital good is equal to
é.
(1—2) (I;N> " (see eq. (152b)) with J = I + & (£ —5K)2K, using the fact that JV =

YN — N — @GN and inserting I = K + 0, the capital accumulation equation reads as follows:

. N _ N _ AN 2
R i S SN B L (BN SO NS (203)
PN i 2\ K
1o (5)

Inserting short-run solutions for non-traded output (202b) and for consumption in non-tradables
(202a), substituting optimal investment decision (202d) into the physical capital accumulation equa-
tion (203), and plugging the short-run solution for the return on domestic capital (202c) into the
dynamic equation for the shadow value of capital stock (143e), the dynamic system reads as fol-
lows:51

N(K,Q,ZH,ZN) 70N (K,Q,ZH,ZN) *GN

-9
PN ()
A=) { mpry P )

K=7Y(K,Q,z",zV) =

K Q 2
ok =5 mrpar Py Y (204
Q=% (K,Qz" 7") = (r*+5K)Q—{R(K,Q,ZH,ZN)
+RJPHQLPNQﬂgd)wO+Q&d} (204b)

where PV (.) and P¥ (.) are given by (198) and (200).
To facilitate the linearization, it is useful to break down the capital accumulation into two
components:

- k(T 2
K=J-90kK—-——=-=-9 K. 2
J— 0K 5 (K K> (205)
The first component is J. Using the fact that J = W and log-linearizing gives:
11— b
j:jN+¢JaJPN—¢JOLJCY§IPH (206)

where we used the fact that Py = a‘]a?]:’H + (1 —ay) PN, Using (205) and the fact that JN =
YN — N — GV, linearizing (205) in the neighborhood of the steady—state gives:

K = JN (Y™ (1) — dON (1) + 65 s dPY (1)

6 g 050} AP (1) — bcd K (1), (207)

where J = I = §g K in the long—run.

As will be useful, let us denote by YTk, T, and Y, the partial derivatives evaluated at the
steady-state of the capital accumulation equation w.r.t. K, @, and Z7, respectively. Using (202)
and (207), these elements of the Jacobian matrix are given by:

oK J Py P

TK = ﬁ JN (Y}](V OK)+05J¢JJ<PN _a?PI;[> _5K207 (2083’)
oK J Py Py

Yo = 5o =gw (& - C3) +ass <pw ~ i pi ) >0 (205)
oK J P) Pl

Tz = 37~ JN (Y2 — C2) +asos) ( —aoff Pi;) ; (208c¢)

where J = dx K in the long run.

Let us denote by Xk, X, and Xz, the partial derivatives evaluated at the steady-state of the
dynamic equation for the marginal value of an additional unit of capital w.r.t. K, Q, and Z7,
respectively:

0Q

Yk = 87 = —Rg — Pjrvgdx > 0, (209&)
0Q _ . \

EQ = % = (’/’ + 5[{) — PJH’UQ5K =7r*>0, (209b)
o

Yy = ﬁgﬂ —Ryi — Prrvgidk. (209¢)

51'We omit the shadow value of wealth from short-run solutions for clarity purposes as A remains constant
over time.
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Assuming that the saddle-path stability condition is fulfilled, and denoting the negative eigen-
value by 11 and the positive eigenvalue by v5, the general solutions for K and @ are:

K(t) — K = Die”t + Dye”t,  Q(t) — Q = wiDie"t + wiDge?t, (210)
where Ky is the initial capital stock and (1, w%)/ is the eigenvector associated with eigenvalue v;:

vi— Tk

5 (211)

wy =

Because 11 < 0, T > 0 and T > 0, we have w) < 0, regardless of sectoral capital intensities,

which implies that the shadow value of investment and the stock physical capital move in opposite
direction along a stable path (i.e., Dy = 0).
H.6 Current Account Equation and Intertemporal Solvency Condition

To determine the current account equation, we use the following identities and properties:

PcC =PHCO" 4 CF 4+ PNCON, (212a)

PyJ=PHJH L gF L PN N (212b)

T=G=PIGH +G" + PVGY, (212¢)

WL+ RK = (WHLY + RK") + (WNLYN + RKN) = PHYH 4 PNy N, (212d)

where (212d) follows from Euler theorem. Using (212d), inserting (212a)-(212c) into (138) and
invoking market clearing conditions for non-traded goods (187) and home-produced traded goods
(192) yields:

N = pN+PE(YH_CcH _GH - J") — (" +J" +GT),
= N4+ PHEXH _ MF, (213)

where X = YH —CH — GH — JH stands for exports of home goods and we denote by M* imports
of foreign consumption and investment goods:

MF =cF +GgF + Jr. (214)

Substituting first solutions for PV and P given by (198) and (200), respectively, into (185)
and (193) allows us to express the demand for input of foreign-produced traded goods, J¥, and
exports of home goods, X*:

JE=J"(K,Q,z",ZN N, (215a)
X" =x"(K,Q,z",ZN X). (215b)
Inserting (215a)-(215b) into(213) allows us to write the current account equation as follows:
N = rN+E(K,Q,z% 2zV),
= r*N+P"(K,Q2z",ZV) X" (K,Q,z",ZN) - M¥ (K,Q,z",ZN).  (216)

Let us denote by ZEk, Eg, and Ez; the partial derivatives evaluated at the steady-state of the
dynamic equation for the current account w.r.t. K, @, and Z7, respectively:

ON
S (1 - ¢x) X7 P — My, (217a)
_ ON
20 = 35= (1—¢x) X"PY — M}, (217Db)
- ON
Bz = o =(1-¢x)X*PE — ML, (217c)

where we used the fact that PH X" = oy (PH)l_d)X (see eq. (193)).

Linearizing (216) in the neighborhood of the steady-state, making use of (217a) and (217b),
inserting solutions for K (t) and Q(t) given by (210) and solving yields the general solution for the
net foreign asset position:

N(t)=N + [(NO _ N) — U, Dy — %Dz} ¢t 4 Uy Dyett 4 Wy Dyet?t, (218)
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where g is the initial stock of traded bonds and we set

E, = ZEg+Zqui, (219a)
E;
v, = (219b)

v; —r*

Invoking the transversality condition leads to the linearized version of the nations’s intertemporal
solvency condition:

N-—No=1, (f{—KO), (220)

where K is the initial stock of physical capital.

H.7 Derivation of the Accumulation Equation of Non Human Wealth

Remembering that the stock of financial wealth A(t) is equal to N(¢) + Q(¢)K (¢), differentiating
w.r.t. time, i.e., A(t) = N(t)+Q(t) K (t)+Q(t) K (t), plugging the dynamic equation for the marginal
value of capital (143e), inserting the accumulation equations for physical capital (139) and traded
bonds (138), yields the accumulation equation for the stock of financial wealth or the dynamic
equation for private savings:

A(t) = r*A(t) + W(t)L(t) — T(t) — Po(t)C(t). (221)

where we assume that the government levies lump-sum taxes, T', to finance purchases of foreign-
produced, home-produced and non-traded goods, i.e., T'= G = (GF + PE()GH + PN(.)GN).

We first determine short-run solutions for aggregate labor supply and aggregate wage index.
Inserting first short-run solutions for the relative price of non-tradables (198) and the terms of trade
(200) into (156) allows us to solve for sectoral wages, W7 = W (K, Q,z" 7ZN, )\). Then inserting
sectoral wages into (156) and (164) allows us to solve for aggregate wage, aggregate labor supply
and consumption:

W=Ww(K,Q z" zZN X), (222a)

L=L(KQ,z" 2z }), (222b)

C=C(K,Q,z" 2% ). (222¢)

Inserting short-run solutions for the relative price of non-tradables (198) and the terms of trade (200)

into (156) into (144) and (212c) allows us to solve for the consumption price index and government
spending:

G=G(K,Q,z" Z" X), (223a)

Pc = Pc (K’Q’ZH)ZN75\), (223b)

where partial derivatives are Gy = PEGH + PYGYN with X = K,Q,Z7 (j = H,N) and

0P, P P,

with X = K, Q, Z
Inserting (222a)-(222¢) into (213) allows us to write the current account equation as follows:

A

A+ A (K,Q,z", ZN),
= PA+W(K,Q,z",ZN)L(K,Q,z",Z") - G (K,Q,z",zZ")
Pc [PH(')va(')}C(K7Q7ZH7ZN)7 (225)

where PV and PH are given by (198) and (200), respectively.
Let us denote by Ak, Ag, and Az, the partial derivatives evaluated at the steady-state of the
dynamic equation for the non human wealth w.r.t. K, @, and Z7, respectively:

A OP,
oA dPc
Y B 0Pc
Ay = @—(WZJ'LJFWLZJ')_GZJ_ (aZjC-i-PCch). (226¢)
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Linearizing (225) in the neighborhood of the steady-state, making use of (226a) and (226b),
inserting solutions for K(¢) and Q(¢) given by (210) and solving yields the general solution for the
stock of non human wealth:

A(t) = A + |:(A() - A~) - AlDl - AQ.DQ er*t + AlDleylt + A2D26V2t, (227)
where Ag is the initial stock of financial wealth and we set

M; = Ag+ Agus, (228a)
M;
A, = (228b)

v — 1

The linearized version of the representative household’s intertemporal solvency condition is:
A—Ag=A, (K - K0> , (229)

where Ag is the initial stock of non human wealth.

H.8 The Steady-State

Below, we characterize the whole steady-state and use tilde to denote long-run values. Setting
N =K =@ =0 into (138), (139) and (143e), and inserting short-run static solutions for EN YN
and YH, C7 derived above, the steady-state can be summarized by four equations:

ZH (1 - M) {k:H (f(,ﬁH,ﬁN,ZH,ZNJ\)} — P, (PH,F’N) (r* + 0k, (230a)
YN (K pH PN 71 ZN. X) —coN (PH, P, X) +(1—ay) Py (PH7 PN) SkK +GN, (230D

v (K, PPN, 27,28 X) = €7 (K,Q.27, 28N) + asalf Py (P, PN) ok K + GH 4 X7 (),

(230¢)
N + PHXH (pH) ~MF (f(, pH pN, x) (230d)
N-No=1, (K - KO) . (230e)

These five equations jointly determine PN, P# K, N and \.

H.9 Solving for the Steady-State Value of the Price of Non-Tradables in
terms of Tradables

In this subsection, we show that when investment is both traded and non-traded, a technology shock
biased toward the traded sector must be consistently measured by the log-linearized version of the

expression below:
1

g | (ma)ras(47)
(ZN)% (231)
0

Note that the LIS is denoted by s]L in the main text. To differentiate the LIS in the CES economy
from the LIS in the Cobb-Douglas economy, the LIS in the latter model is denoted by #’. To obtain
(231), we first repeat the first-order conditions from the firm’s maximization problem:

PHZH (1— ") (k)" =PV zZN (1-0¥) (k)" =R, (232a)

PHZHeH (k)" = wH (232b)

PYZNON (N) " = W, (232¢)

Combining the return on domestic capital with the return on labor leads to the sectoral capital-labor
ratio: | N

W — <1 9]‘0 ) - (233)

Dividing (232¢) by (232b) and eliminating the capital-labor ratio by using (233) yields:

P [(5#) %]
T COTT
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Rearranging terms and isolating PV /P leads to:

N H H 9H H 1—9H N GN 170N
PN ZH ()" (1—067) (WM R

PH — 7N (HN)QN (1 QN)l,gN (WH)QH RI-0T " (234)
Substituting (233) into (232b) leads to:
H
1—0H\ wH ]’

W 0H R ’

o o 1 i_gH
= (PT)"T (Z)7 (vH) T R (235)

where we set ; }

v = ()" (1-0/)""" j=HN. (236)

N
Multiplying and dividing the RHS of eq. (234) by (WN)G
(234) can be rewritten as follows:

, using (236), substituting (235), eq.

N ZH i (WNNTT L gn g p10Y
P = Zxgw \wr) W) R0
iy ()T (@IS (N
(pryim (WH> RYH (237)

Totally differentiating eq. (230a), i.e., R = P; (P, PN) (r* + ék), yields:
R=ayafP? + (1 —ay)PV. (238)

Totally differentiating eq. (237) and inserting (238), the relative price of non-tradables in rate of
change reads as follows:

DN o~ I 5N o~ SH N (137N T H
PN = e—HZfZJre—HPJrG(WfW)
gH — 9N . .
o (E ot 1)
PN+ (0N = 07) (1= ay)] = OVZT - 012N 4 oM oM (WN W)
+ [N + (07 - oN) asall] PH,
. o . oH . . .
Py (1—aJ)+a,,9N] - (ZH—HNZN>+9H<WN—WH)
+ {1+<9H_9N>a QH} pH (239)
o Joy :

The change in the relative price of non-tradables in percentage is thus given by:
(ZH _ %ZN) oH (WN _ WH)

[(1 —ay)+ OéJg*ﬂ ' {(1 —ay)+ OfJZTHv}

[1 + (QHQTVGN) aJaJH] PH

[(1 —aj)+ ozjg—ﬁ]

PN =

+ (240)

To calculate the change in price of non-traded goods relative to traded goods, we subtract PT =
o PH from both sides of (240) by assuming that off ~ off:

v pr_ (BT ZY) OT(WNWT) o) p

[(liaJ)JraJ%] ’ [(17041)+an*§} ! [(l—aJ)JraJ%}' (241)

Eq. (241) shows that sector j’s TFP must be adjusted with sectoral labor income shares, 67, along
with the tradable content of investment expenditure, ;. Thus, denoting by:

a= ! —, (242a)
|:(1—04J)+01JZT}
oH
b= aﬁ, (242Db)
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the measure of the technology bias toward tradables is given by:

ﬂ 243
(zH)" 2

It is worth mentioning that:

e if the country is small on world goods market, then the terms of trade are fixed, i.e., PH = 0,
or if the country does not import consumption and investment goods, i.e., af = 1, the last
term on the RHS of eq. (241) vanishes;

e if we assume perfect mobility of labor across sectors, then sectoral wages grow that the same
speed, i.e., WY = WH  and thus the second term on the RHS of eq. (241) vanishes;

e if we consider a small open economy model with perfect mobility of labor across sectors, then a
ZH 08 N
labor share adjusted productivity differential of 1%, i.e., [ ( off HF)I] = 1%, appreciates the

A-ap)+asyw

price of non-traded goods relative to traded goods by 1% in the long-run, i.e., PN _pT = 1%,

I Solving for Permanent Technology Shocks

In this section, we provide the main steps for the derivation of formal solutions following a permanent
technology shock biased toward the traded sector.

1.1 Sectoral Technology Shocks

In line with our empirical findings, we assume that total factor productivity in sector j, Z9(t),
evolves according to the following dynamic equation:

Zi(t) =77 + Zett (244)

where Z7 and ZJ are the new and initial steady-state values of TFP in sector j; 2/ = ZJ%7 is a
parameter whose significance will be detailed below; &7 is a positive parameter which governs the
speed at which sector j° TFP converges toward its new long-run level. To be consistent with our
VAR specification, we express (244) in percentage deviation from initial steady-state:

Zi(t) — Z3
Z
R (245)

Zi(t) =

)

where Z7 is the percentage deviation of sector 5> TFP relative to its initial value:

s gi_ i
71 =10, (246)
Zy
Setting ¢ = 0 into (245) yields:
29(0) =27 + 7. (247)

Since our VAR evidence indicates that T'F P in both sectors rise initially and increase monotonically
toward their long-run levels, the parameter z7 will take negative values as Z7 undershoots its state-
state value on impact. Differentiating (244) with respect to time leads to:

Zi(t) = —glet,
S (Zj(t)—Zj), (248)

where & measures the speed at which Z7 closes the gap with its long-run level.

As shown in section H.9, the ’true’ measure of the technology bias toward tradables is given by
(z" ()"
(ZH ()"
the labor share-adjusted TFP differential is 1% in the long run:

In the quantitative analysis, we consider permanent changes in sectoral TFP, Zj, so that

aZ" —pZN = 1%. (249)
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I.2 Formal Solutions for K(t) and Q(t)

Using (204a), (204b), and (248), the adjustment of the open economy towards the steady-state is
described by a dynamic system which comprises four equations:

K=" (K®),Q(t),z" ),z 1), (250a)
Q=% (K(),Q(t),z" ), z"({1)), (250b)
ZH(t) = —¢H (ZH(t) - ZH) , (250¢)
ZN(t) = —N (ZN(t) - ZN) . (250d)

The linearized system can be written in a matrix form:

K(t) Tk Yo Yzu Tyn K(t)- K
ZH@t) | 0 0 =7 0 ZH(t) - ZH
ZN(t) o 0 0 =& ZN(t) — ZN

where the coefficients of the Jacobian matrix, Tx and Y x with X = K,Q,Z", ZV, are given by
(208) and (209).
Denoting by v; the eigenvalue (with ¢ = 1,2,3,4), the characteristic polynomial is:

(EN + l/i) (gH + Vi) |:(Vi)2 — U (TK + ZK) - (TQEK + TKEQ):| =0, (252)
where T i + X = r*. The characteristic polynomial has three negative roots and one postive root:
va=—N <= <y <0 <r* <y, (253)

where inequality £V > ¢H follows from the calibration.

We denote by w; the jth element of eigenvector w’ related to eigenvalue v;, calculated as
(Vilyxa — J)w' = 0 (where J is the Jacobian matrix given by (251)). The general solution that
characterize the adjustment toward the new steady-state can be written as follows:

4
K(t)— K=Y wiDie"", (254a)
i=1
~ 4 .
Qt)— Q= wiDe"", (254b)
=1
ZH(t) — ZH = Dse!, (254c)
ZN(t) — ZN = Dyet, (254d)

where we normalized wi, w?, w3, and w} to 1. To allow the dynamic system to converge toward the
new long-run equilibrium, we eliminate explosive paths and set Dy = 0. D; is an arbitrary constant
which is determined by initial conditions:

K(0) — K = Dy 4+ W$D3 + wiDy, (255a)
zZH(0) - Z" = D3 = 27, (255b)
ZN(0) - ZN = D, = 2V, (255c¢)

where K(0) = Ky is the initial capital stock, Z#(0) = Z& and ZN(0) = Z{¥ are initial sectoral
TFP; setting t = 0 into (244) and using (255a), we thus have

Dy =Ky — K —wiztl — iV, (256a)
Dy =21, (256b)
Dy =2V, (256¢)

I.3 Formal Solution for the Net Foreign Asset Position, N (t)

To determine the formal solution for the net foreign asset position, we first linearize the current
account equation (216) in the neighborhood of the steady-state

N(t) = (N(t) - N) +3 Ex (X(t) - X) : (257)
X
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where X = K,Q,ZH ZN, and substitute the solutions for K(t) and Q(t) along with dynamic
equations of sectoral TFP described by (254), remembering that Do = 0:

N(t) = r* (N(t) - N) + 3 EDet, (258)
i=1,3,4
where
By = Zx + Equws, (259a)
E3 = Zxw? + Equi + Zzn, (259b)
Ey=Egwi +Zqus +Egn. (259c¢)

Solving the differential equation (259) for N(t) yields the general solution for the net foreign asset
position:

N(t) - N = (NO—N)+ S et = Y dient (260)
i=1,3,4 i=1,3,4

where we set ®%, = EJDF.
N r*—vu,

Invoking the transvefsality condition, one obtains the “stable’ solution for the stock of net foreign
assets so that N(¢) converges toward its steady-state value N:

N(t)-N= > oye, (261)

Eq. (261) gives the trajectory for N(t) consistent with the intertemporal solvency condition:

N-Ny= > of. (262)
i=1,3,4

Differentiating (261) w.r.t. time gives the trajectory for the current account along the transi-
tional path when sectoral TFP follows the temporal path given by eq. (248):

Nt)y=v; Y ®ye, (263)
i=1,3,4

I.4 Formal Solution for the Stock of Non Human Wealth, A(t)

To determine the formal solution for the stock of non human wealth, we first linearize the current
account equation (225) in the neighborhood of the steady-state

At) = r* (A(t) - A) +3 Ax (X(t) - X) , (264)

where X = K,Q,Z",ZN, and substitute the solutions for K(t) and Q(t) along with dynamic
equations of sectoral TFP described by (254), remembering that Dy = 0:

Aty =+ (A(t) - A) + 3 MDent, (265)
i=1,3,4
where
My = Ak + Agus, (266a)
Mz = Agw? + Agws + Az, (266b)
My = Agwi + Aguws + Agw. (266¢)

Solving the differential equation (265) for A(t) yields the general solution for the stock of non human
wealth:
At) — A = (Ao - 21) + 3 et Y et (267)
i=1,3,4 i=1,3,4
where we set ®% = %fj .
Invoking the transversality condition, one obtains the 'stable’ solution for the stock of non human
wealth so that A(t) converges toward its steady-state value A:

Aty —A= Y et (268)

i=1,3,4
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Eq. (268) gives the trajectory for A(t) consistent with the intertemporal solvency condition:

A-Ag= > @ (269)

i=1,3,4

Differentiating (269) w.r.t. time gives the trajectory for private savings (equal to national
savings as we abstract from public debet) along the transitional path when sectoral TFP follows the
temporal path given by eq. (248):

Aty =v; Y Bhent. (270)

i=1,3,4

I.5 Formal Solution for Q(¢)K (t)

To determine the dynamics of investment, we first derive the formal solution for the shadow value
of the capital stock, Q(t)K (t). We thus linearize Q(¢)K (¢) in the neighborhood of the steady-state:

QWK (t) — PyK = P, (K(t) - K) v K (Q(t) - K) , (271)

where we used the fact that @ = P in the long-run. Substitute the solutions for K (t) and Q(t)
along with dynamic equations of sectoral TFP described by (254), remembering that Dy = 0:

QMK(t)— PyK = > S;Dse", (272)
i=1,3,4

where S; = Pywi + f(w%. Totally differentiating (272) w.r.t. time gives the trajectory for private
investment along the transitional path when sectoral TFP follows the temporal path given by eq.
(248):

QUWK(t)=v; »  S;iDie". (273)

i=1,3.4

Since N (t) = A(t) — Q(t)K (t), we thus have:
N(t) = A(t) = QMK (1); (274)

where expressions for the current account, national savings and private investment are given by
(263), (270), and (273), respectively.

J Semi-Small Open Economy Model with CES Production
Functions

This section extends the model laid out in section H to CES production functions and factor biased
technological change. Since first order conditions from households’ maximization problem detailed
in subsection H.1 remain identical, we do not repeat them and emphasize the main changes caused
by the assumption of CES production functions.

J.1 Firms

Both the traded and non-traded sectors use physical capital, K7, and labor, L7, according to constant
returns to scale production functions which are assumed to take a CES form:

) ) od
o —1 ol —1|ei=-1

i = |77 (ML) 4 (1—~) (BIKY) = , (275)

where v/ and 1 — 47 are the weight of labor and capital in the production technology, o7 is the
elasticity of substitution between capital and labor in sector j = H, N, A7 and B? are labor- and
capital-augmenting efficiency. Both sectors face two cost components: a capital rental cost equal to
R, and a labor cost equal to the wage rate, i.e., W in the traded sector and W in the non-traded
sector.

First-Order Conditions

Both sectors are assumed to be perfectly competitive and thus choose capital and labor by
taking prices as given:

max IV = max {P’Y? - W/L’ — RK’} . (276)
Ki,Li Ki,Li
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Since capital can move freely between the two sectors, the value of marginal products in the traded
and non-traded sectors equalizes while costly labor mobility implies a wage differential across sectors:

PY (1 — ") (BT (k)7 (y")7 = PV (1-4N) (BN) T (V)77 (V)7 =R,
(277a)

PHAH (AH) " (LH)™30 (yH)F i (277b)

PNAN (AN) T (LN) T (YN)oF = W, (277¢)

where we denote by k/ = K7 /L7 the capital-labor ratio for sector j = H, N, and y? = Y7 /LI value
added per hours worked described by

. . oJ
o —1 gl —1 | si-1

v =17 (A7) 7+ (1=A7) (BIK) : (278)

The resource constraint for capital is:
K74+ KN = K. (279)

Some Useful Results
Multiplying both sides of (277b)-(277c) by L7 and dividing by sectoral value added leads to the
labor income share:

o —1
, AR
d=r (%) (280)

Multiplying both sides of (277a) by K7 and dividing by sectoral value added leads to the capital
income share:

Bjk;j>oij1

1_5‘2:(1_7j)( i

Dividing eq. (280) by eq. (281), the ratio of the labor to the capital income share denoted by

(281)

. S‘]
ST = = reads as follows:
—°L

1-0d

. fyj BIKI\ o7
7 = - — . 282
S 1—~d ( AILJ ( )

Dividing (277b)-(277¢c) by (277a) leads to a positive relationship between the relative cost of
labor and the capital-labor ratio in sector j:

. . 1ot L
Wi i BI\ o7 [KI\ o
—_— = 3 e . . 2
R 1—w<m> <U) 25
To determine the conditional demands for both inputs, we make use of (283) which leads to:
. ol . 1—0d . —od
. . fy] BJ W3
L’ = K . — — 284
(17J> (AJ) (R ’ (254

g i1 gl
_ (1 —~d BI Wi
7= I : — — . 284b
o= (50) () (%) o)

Inserting eq. (284b) (eq. (284a) resp.) in the CES production function and solving for L’/ (K’
resp.) leads to the conditional demand for labor (capital resp.):

vy ) (F) o v ) () o )
where X7 is given by:
X = ()7 ()7 )T () () R (256)
Total cost is equal to the sum of the labor and capital cost:
¢V =WILJ + RKY. (287)

117



Inserting conditional demand for inputs (284) into total cost (287), we find C7 is homogenous of
degree one with respect to the level of production

¢V =Y, with ¢ = (X7)i= . (288)

Using the fact that (¢/ )170] = XY, conditional demand for labor (284a) can be rewritten as

L=YJ (Aj)ajfl (‘},—]]) (cj)gJ which gives the labor share denoted by 7 :

WL L WINTT i
. RKY o [ R\ i

J.2 Short-Run Solutions

Sectoral Wages and Capital-Labor Ratios

Plugging the short-run solutions for L# and L™ given by (168) into the resource constraint for
capital (279), the system of four equations consisting of (277a)-(277¢) together with (279) can be
solved for sectoral wages W/ and sectoral capital-labor ratios k7. Log-differentiating (277a)-(277c)
together with (279) yields in matrix form:

(1‘;‘3} 0 1 0

|

o —1)4sH N —s ~
—ph | ek A () B 290
a _pN (N 1) +s7 AN _ (1—85) BN » (290)
oN oN
K — U\
where we set:
KHLH Wi gN LN Wi
Ty = — . (291a)
K L K L
KH KN

The short-run solutions for sectoral wages and capital-labor ratios are:
Wi =w? (\ K, PN, PH A AN BH BNY |} =} (N K, PN, PH AR AN BH BN) . (292)

Inserting first sectoral wages (292), sectoral hours worked (289a) can be solved as functions of the
shadow value of wealth, the capital stock, the price of non-traded goods in terms of foreign goods,
PV and the terms of trade:

L/ =17 (\K,PN, P7 A" AN BY BY). (293)
Totally differentiating output per hours worked (278) leads to:
7= s Al (1=s)) BT+ (1= s]) I, (294)

where SJL and 1 — SJL are the labor and capital income share, respectively, described by eqs. (280)-
(281). Plugging solutions for sectoral capital-labor ratios (292) into (294) allows us to solve for
sectoral value added per hours worked:

yj = yj (XaKa PN7PHaAHaANaBHvBN)a (295)

Using the fact that Y7 = ¢/ L7, differentiating, inserting (295) and solutions for sectoral labor (293)
and sectoral capital-labor ratios (292), one obtains the solutions for sectoral value added:

Y/ =YI (A K, PN, PT AT AN BT BN, (296)
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The Return on Domestic Capital, R
The return on domestic capital is:

oV _
oN

R=PN (1-~N) (BY) ™ (k)77 (yV)7 . (297)

Differentiating (297) and making use of (294) leads to:

5_ BN SLiN | ST N oV — 53\ an

Inserting the short-run static solution for the capital-labor ratio &V given by (292), eq. (297) can
be solved for the return on domestic capital:

R=R(\K, PN, P A" AN BH BN). (299)

Market Clearing Condition for Non-Tradables
The role of the price of non-tradables in terms of foreign goods is to clear the non-traded goods

market:
YN =cN+aN + gV, (300)

Inserting solutions for OV, JV, YV given by (166), (183), (296), respectively, the non-traded goods
market clearing condition (300) can be rewritten as follows:

YN (N K, PN, PP AR AN BH BN) =N (N, PN, PH) + GV + JN (K,Q,PN,P") . (301)
Eq. (301) can be solved for the relative price of non-tradables:
PN =uN (K,Q,P" A" AN BY BN X), (302)

with partial derivatives given by:

a\I/N (YN _ JN>
N _ _ Uk K
ouN J¥
N = & _ @
o) 20 AN > 0, (303b)
a\IJN (Y]\;I _ CNH _ JNH)
N _ _ P P P
VEi = oog = AN >0, (303c)
ouN YN
N _ ta
Uon = 947 — AN > 0, (303d)
ouN Yy
N __1pi
Vony = 9B AN <0, (303e)
where we set
AN = (Y N — Cpy — Jpn) > 0. (304)

Market Clearing Condition for Home-Produced Traded Goods
The role of the price of home-produced traded goods in terms of foreign-produced goods or the
terms of trade is to clear the home-produced traded goods market:

vy =ct gt + 7 + X1 (305)
where X stands for exports which are negatively related to the terms of trade:

XH =y (PH)7OX (306)

where ¢x is the elasticity of exports with respect to the terms of trade.
Inserting solutions for C1, JH# YH given by (166), (183), (296), respectively, the traded goods
market clearing condition (305) can be rewritten as follows:
YH (N K, PN, PP AP AN BH BN) =" (\, PN, PP) +G* + J (K,Q, PN, P") + X (PH).
(307)
Eq. (307) can be solved for the terms of trade:

P =v" (K,Q,PN A" AN B" BN X), (308)
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with partial derivatives given by:

ovtt (Vi —JK)

Ui = K = A <0, (309a)
ovH  JH
H _ _7Q
vg = 50~ A >0, (309b)
owH Y —cH, —JH
Upn = oo _ (e \IJPJQV £x) >0, (309c)
owH Y
H _ _ AJ
Vi = = am <0 (309d)
owtt Y
vl = 35T = —Aqu >0, (309e)
where we set
A = (Y — Cfu — Jpw — XFu) >0, (310)

H
where XgH = gxﬁ < 0.

J.3 Solving the Model

In our model, there are five state variables, namely K, A7, AN, BH BN and one control variable,
Q. To solve the model, we have to express all variables in terms of state and control variables.
Plugging first eq. (308) into (302) allows us to solve for the relative price of non-tradables:

PN = PN (K,Q,A" AN, B" BN ), (311)
where partial derivatives (with respect to X = K,Q, ZH, ZN) are given by

© OPN N 1 uN, ul

X =% AV el e, (312)
with PY <0, PY >0, PY, 20, PY, <o0.
Plugging first eq. (311) into (308) allows us to solve for the terms of trade:
P =pH (K ,Q A" AN, BY BN X), (313)
where partial derivatives (with respect to X = K,Q, Z, ZN) are given by
r{ = a;;XH = U + U Py, (314)

with P <0, P >0, P2, <0, PH, <0 P%, <0, PH, <0.

Substituting solutions for the relative price of non-tradables (311) and the terms of trade (313)
into solutions for consumption (166), sectoral value added (296), the return on domestic capital
(299), and the optimal investment decision (179) yields:

¢ =07 (K,Q, A" AN, BY BN ), (315a)
Y/ =Y (K,Q,A" AN, B” BN X), (315b)
R=R(K,Q,A" AN B BN )), (315¢)
v=u(K,Q,A" AN B" BN X). (315d)

Remembering that the non-traded input JV used to produce the capital good is equal to
—9.
(1—=1) (%) "J (see eq. (152b)) with J = I + & (£ —(5K)2K, using the fact that JV =

YN — N — @GN and inserting I = K + 0, the capital accumulation equation reads as follows:

. N _ N _ AN 2
il A W LY (LA SR (316)
PN 2 2\ K
a-0(2)

Inserting short-run solutions for non-traded output (315b) and for consumption in non-tradables
(315a), substituting optimal investment decision (315d) into the physical capital accumulation equa-
tion (316), and plugging the short-run solution for the return on domestic capital (315¢) into the
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dynamic equation for the shadow value of capital stock (143e), the dynamic system reads as fol-

lows:52

YN (K,Q, A" AN BH BN) - CN (K,Q, A", AN BH BN) — GN
N _‘be
(1-0) {713,][135(.)(,'1)”(.)1 }

K Q 2
oK g, {PJ PA0).PN()] 1} ! (8172)

(r +65) Q — [R (K,Q, A" AN BH BN)

K=7(K,Q,A" AN B" BN)

Q=Y (K,Q,A" AN BH BN)
+Py [P (), PV ()] 50() (()20) ] (317h)

where PV (.) and P¥ (.) are given by (311) and (313).

J.4 Current Account Equation and Intertemporal Solvency Condition
Following the same steps as in subsection H.6, the current account reads as:
N =r*N+PHXH _ MF, (318)

where X = YH — CH — GH — JH stands for exports of home goods and we denote by M* imports
of foreign consumption and investment goods:

MF =cf +GF +JF. (319)

Substituting first solutions for PV and P given by (311) and (313), respectively, into (185)
and (306) allows us to express the demand for input of foreign-produced traded goods, JI', and
exports of home goods, X:

JE=JF (K,Q,A" AN, B¥ BN ), (320a)
X =Xx"(K,Q,A" AN BH BN )). (320Db)
Inserting (320a)-(320b) into(318) allows us to write the current account equation as follows:
N = r"N+E2(K,Q A" AN, B" BY),
r*N + P7 (K, Q,A" AN, B" BV) X" (K,Q,A", AN, B BY)
-M" (K,Q,A" AN, B” BY). (321)

J.5 Dynamics of Factor-Augmenting Efficiency
We further specify a dynamic adjustment for A7(t) and B7(t) similar to that described by eq. (245),

ie.,

Al(t) = AT 4 ade €1, (322a)

Bi(t)= B +tle ", (322b)

where a’ (b7) will take negative values as A7 (B7) undershoots its state-state value on impact.,

parameter &/ measures the speed at which A7 and BJ close the gap with its respective long-run

level, we assume that the speed of adjustment &7 corresponds to the speed of adjustment of sectoral

TFP, Z7; since the paths of factor biased technological change are expressed in percentage deviation
relative to initial steady-state, we have:

oAy BBy

Al B}
Al (t) — A . Bi(t) - B},
%’ Bit) = %
Ay By

, (323a)

Al(t) = : (323b)

where A7 and BJ are the final steady-state levels of labor and capital efficiency.
In percentage deviation relative to initial steady-state, the adjustment in factor-biased techno-
logical change is assumed to be described by the following set of dynamic equations

Aty = Al 4 ale ¢, (324a)
Bi(t)=B +be ", (324b)

52We omit the shadow value of wealth from short-run solutions for clarity purposes as A remains constant
over time.
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where @/ = a7/ A} and b/ = b7/ B). Differentiating (324) with respect to time leads to:

A(t) = —¢ (Aj (t) — AJ‘) : (325a)
Bi(t) = —¢ (Bj(t) - BJ‘) . (325b)

J.6 The Technology Frontier

While we relax the assumption of Hicks-neutral technological change, we have to relate the changes
in labor and capital efficiency, i.e., Af (t) and Bi (t), respectively, to the percentage deviation of TFP
in sector j, i.e., VA (t), in order to be consistent with our empirical strategy. A natural way to map
AJ and BY into Z7 is to assume that besides optimally choosing factor inputs, firms also optimally
choose the production function. Following Caselli and Coleman [2006] and Caselli [2016], the menu
of possible choices of production functions is represented by a set of possible (A7, B7) pairs. These
pairs are chosen along the technology frontier which is assumed to take a Cobb-Douglas form:

(A1) D (Bi(1) ™ < Zir) (326)

where Z7 > 0 is the height of the technology frontier and o (t) is a time-varying positive parameter
which determines the weight of labor-augmenting technological change.

Firms choose A7 and B7 along the technology frontier described by eq. (326) that minimizes
the cost function (see (286)-(288)) described by:

o=l (58) 7 v (B )T

subject to (326) which holds as an equality. Differentiating (327) and next (326) to eliminate Bi(t)
(keeping Z7 fixed) leads to:

s =~ (0)” <c]<>>”J 1Af<t>—<1—’v”‘>”j (56) oo

sLAT() - (
(

= —sLOA() +

1s(t

1—s ) A, (328)

where we used the fact that (17)° VXJJ((E)) (¢J (t))U]_1 = 57 (t) (see eq. (289a)), and (1- 73')0J

—o’ _ ~ . AL
( 0] ) (¢J (t))o - 57 (t) (see eq. (289h)), together with BY(t) = —lf‘JJAJ (t). Setting

Bi(t)
the above equation to zero to perform the cost minimization and solving leads to:

o (t) = s1,(0), (329)

where s/, is described by (280). The intuition behind equality (329) is straightforward. Firms choose
parameters A7 and B’ along the technology frontier described by eq. (326) that minimizes thel unit
cost function (327). More specifically, ﬁvrms intend to choose the optimal trade-off between A7 and
B’ that minimizes ¢/. Variations in A7 and B7 modify the unit cost for producing in proportion
to the share of labor and capital cost in value added, i.e., &7 = —si/ij — (1 — sé BJ. The unit
cost for producing is minimized when the contribution of higher capital efficiency exactly offsets
lower labor efficiency, i.e., (1 - si) BJ = —s) AJ. Since along the same technology frontier, a fall in

o’ A7 must be compensated by a rise by (1 — ot ) BJ to keep Z7 constant, the optimal trade-off that
minimizes the unit cost is that the weight of capital efficiency 1 —a? is equivalent to its contribution
to the decline in the unit cost, 1 — s} . The weight of labor and capital efficiency into the technology
frontier which minimizes the unit cost for producing are thus strictly equal to the shares of labor
and capital cost in value added.

Inserting the optimal choice of (A7, B7) pair along the technology frontier and assuming that
D’ = ZJ, one obtains a relationship between total factor productivity and labor- and capital-
augmenting productivity:

Z9(t) = (49 (1)) (B (1)) . (330)
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We assume Hicks-neutral technological change at the initial steady-state, i.e., A7 = BJ = ZJ.
Log-linearizing eq. (330) in the neighborhood of the initial steady-state leads to:

mZ(t)—mZ = &, (m AT (t) - 1n[1{)) + (1 - 550) (ln Bi(t) - In Bg)
+lnf~l% <si(t) — 5170) + 1nBé Kl — s]L(t)) - (1 - 5170)] ,
= o (A -mA) + (1-35,) (mB/@) - mBY),

where the last two terms cancel out as a result of our assumption that initially 1516 = Bg = Zg.
Denoting by a hat the deviation in percentage from initial steady-state, the above equation simply
reads as follows: N o ‘ N

Z9(t) = &, oA (1) + (1 - gfL’O) B (). (331)

Log-linearizing (282) in the neighborhood of the initial steady-state leads to:

N o J . .
Bit) - 40 = (175 ) $10 - F (0, (532)
The system consisting of the technology frontier (331) and the demand for factors of
production (332) can be solved for A7(t) and B’(t) which leads to (46a)-(46b) in the
main text.

As shown in section H.9, the ’true’ measure of the technology bias toward tradables is given by
(27 )"
(ZH ()"
the labor share-adjusted TFP differential is 1% in the long run:

In the quantitative analysis, we consider permanent changes in sectoral TFP, Z7, so that

aZt —pZN —1%, (333)

where Z7 is given by eq. (331).
Graphical Representation of the Technology Frontier
The technology frontier plots the set of labor and capital efficiency in (In A7, In B7)-space for
given Z7. Log-linearizing eq. (326) leads to:
d1ln BI(t) al(t)

ImA() -~ 1—ai) " (334)

Raising the weight of labor-augmenting technological change leads to a steeper technology frontier.

The technology frontier has an intercept along the vertical axis of 27 while an intercept along the
v 1—s7,
horizontal axis of hl—JZJ

L
Totally differentiating the unit cost function leads to:

O BI(t) S N Wi BN
81nAJ(t)__<1—'yj> <RAJ'> <0 (335)

The unit cost function is downward-sloping in the (In A7,In B7)-space; the unit cost function is
convex as long as ¢/ < 1. From the differentiation of the unit cost function, we have:

o) (B ey (- )

& =
+(1-+)" (;yaj ()" (R-57), (336)
= s (W —4)+ (1-}) (R-B7), (337)

it is straightforward to see that the when o/ < 1, a rise in W7 or in R causes the cost function to
shift downward in the (In A7, In BY)-space. In deriving (337), we made use of (289a)-(289b).

Firms will choose a (In A7,In B7) pair by equating the slope of the unit cost function to the
slope of the technology frontier, i.e.,

N—
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where S7 = 131. ; we have inserted (283) to get the second line of (338), and we have substituted

_gl
(282) to get the last line. According to (338), as production becomes more labor intensive, i.e.,
S7 increases, the economy moves along the steeper part of the unit cost for producing, and it is
optimal for firms to increase the weight of labor-augmenting technological change. Graphically,
as the economy , the technology frontier rotates clockwise and thus firms choose to reduce A7 and
increase B, for given Z7. If we consider an increase in Z7 associated with a rise in 7, the technology
frontier shifts upward and becomes steeper.

J.7 CES Technology Frontier

In this subsection, we investigate the implications of assuming a more general form for the technology
frontier. As we shall see it, a CES or a Cobb-Douglas form for the technology frontier leads to the
same results for our analysis. We assume that firms in sector j choose labor and capital efficiency
along the technology frontier which is assumed to take a CES form:

J

°z

ol —1 oJZ.fl ol —1

B W) (1) () | <2, (330)

where Z7 > 0 is the height of the technology frontier, 0 < ’y% < 1 is the weight of labor efficiency in
TFP and O']é > 0 corresponds to the elasticity of substitution between labor and capital efficiency.
Performing the minimization of the unit cost for producing (327) subject to the technology frontier
(339) leads to:

ol —1

. . z .
J 7 ] J
1z (A) SR (340)

1—7% Bi _1—si’

ol i l—o? oI ) o

where we used the fact that (77) ' (VXJ-((Z))) (c7(t)) o s7.(t) (see eq. (289a)), and (1 —~7) ’
Bi(t)

ie, vy =af = s7. We explore below the implications of 07, # 1. As shall be useful later, we solve

eq. (340) for s7:

1—o’ . P . .
( R ) (¢7(t)) oo s7 () (see eq. (289b)). When o7, = 1, eq. (340) collapses to (329),

(Tjé.fl
i vy (A7)
S = o R
] 4 j T
T (A) E + (1=} ) (B) %
) ol -1
AN A
= (ZJ) o (341)

where we made use of (339) to obtain the last line.
Log-linearizing (339) in the neighborhood of the initial steady-state and making use of eq. (341)
leads to:

N A\ N Y
) = <Z> )+ (1-7%) <Z) B(1),
0 0
= oA+ (1-s],) B(0). (342)

Eq. (342) is identical to (331) obtained in the Cobb-Douglas case. Solving eq. (342) and the
log-linearized version of the demand for factors of production (332) leads to the solutions for A7 (t)
and BI(t) described by (46a)-(46b) in the main text obtained by assuming a Cobb-Douglas for the
technology frontier.

K Effects of Technology Shocks Biased Toward Tradables:
Inspecting the Mechanism
In this section, we solve the model analytically by abstracting from physical capital. This enables

us to derive a number of analytical results which emphasize the role of IML across sectors and
endogenous TOT in driving the transmission mechanism of technology shocks.
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Both sectors use labor as the sole input in a constant returns to scale technology, i.e., Y7 = AJLJ
with j = T, N. We set the productivity index in non-tradables to 1, i.e., A = 1. Because there is
a difficulty in reallocating labor, sectoral wages do not equalize:

PEAH —wH — and PN =WV, (343)

The key equations characterizing optimal household behavior are given by first-order conditions
described by (23a)-(23b), (24a) and (25), (26). The market clearing conditions for non-traded and
home-produced traded goods read as:

LN =0, and Y7 =0 4 xH (344)

where exports, X H " are governed by eq. (35). The current equation equation can be rewritten as
N =r*N 4+ PHXH — CF. To be able to derive useful analytical expressions which emphasize the
distinct role of these two features, it is necessary to recourse to a number of assumptions. First,

we solve the model by assuming that productivity in tradables increases once for and all to its
AR Al

AT
steady-state degenerate and the intertemporal solvency condition reduces to:

new long-run level, i.e., = @. This assumption implies that the dynamics toward the final

N = N,. (345)

Aggregation of market clearing conditions (344) leads to the standard equality between GDP, Y,
and final expenditure, PcC — r*Ny. To keep analytical expressions simple, we assume that the
country starts with a zero net foreign asset position, i.e., Ny = 0. This assumption implies that the
consumption-to-GDP ratio, we, is equal to one, since trade is initially balanced:

PHEXH — CF, (346)

For later use, we denote wx = % the ratio of exports to GDP and «af = Iﬁﬁ,ﬂ the home
tradable content of GDP which is equivalent to the labor compensation share of the home-produced
traded goods sector.’® Even under these assumptions, the model remains analytically untractable.
Since our objective is to disentangle the role of IML across sectors and endogenous TOT, we explore
below two polar cases. We first solve the model by allowing for IML across sectors while assuming
that home- and foreign-produced traded goods are perfect substitutes, i.e., we let p tend toward
infinity. Next, we consider a semi-small open economy with endogenous TOT by imposing perfect

mobility of labor across sectors, i.e., we let € tend toward infinity.

K.1 IML across Sectors

We solve the model by assuming that home- and foreign-produced traded goods are perfect substi-
tutes. When we let p tend toward infinity into (10), we have CT = CH + CF and PT =1 so that
consumption in tradables reduces to:

cT = pP2C. (347)

Since the traded good is the numeraire, the price of non-tradables P is equivalent to P. The
market clearing condition for tradables (344) reads now as:

Yy =T, (348)

under assumption Ny = 0. Inserting first (23b) into (26), (23a) into (25) and (347), and substituting
the resulting expressions into the market clearing condition for non-tradables (344) and tradables
(348), the steady-state can be reduced to two equations:

(1—9) PW (o837 = (1 — ) p~¢ P\ ~0c, (349a)

P*No+9 (AH) T W (eonyor — oplpmoe)y-oc, (349D)
which jointly determine the relative price of non-tradables, P, and the shadow value of wealth, \.
Under assumption Ny = 0, we have wo = P%C =1 so that oy = ac.

A rise in the productivity index of tradables, A, produces a positive wealth effect reflected by
a decline in the shadow value of wealth:?*

{A+e) (oL +oc)+ac(p—oc)+ac(c—oL)(l—9¢)}

A= — <0, 350
(o1 +00) (e + ) (350)

53Using the fact that Y = WL and PFAY = W we have ar = WVI;EH
*4Totally differentiating (349a) leads to: P = 7(0L+JC)A$§L(“JL)AH with UV = [ear + o (1 —ar)] +

[acd + (1 — ac)oc] > 0. Totally differentiating (349b) and using the above equation to eliminate P yields
(350).
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where the negative sign of the RHS term follows from evidence which suggests that ¢ < 1. The
positive wealth effect described by (350) encourages agents to work less and increase consumption
expenditure. Because the rise in real expenditure is spread over the two goods while productivity
in non-tradables is unchanged, an excess demand arises in the non-traded goods market, which in
turn causes the relative price of non-tradables to appreciate:®®

P: 1+e
pte

Egs. (350) and (351) show that the degree of labor mobility across sectors influence both the extent
of the decline in A and the magnitude of the appreciation in the relative price of non-tradables.
More specifically, as € takes higher values, it can be shown analytically that the shadow value of
wealth falls less while the relative price of non-tradables appreciates by a lower amount. Intuitively,
following an increase in A¥, more labor shifts toward the non-traded sector as the degree of labor
mobility increases which results in a smaller excess of demand in the non-traded goods market so
that the relative price appreciates less. Since non-traded wages increase by a smaller amount as well,
the positive wealth effect is mltlgated In the situation of perfect mobility of labor across sectors,
we have lim._,o P = a, and lim._, oo A= [(ULJFUCHO;L(I 7c)l 4 < 0.

Because labor shifts away from the traded to the non-traded sector, the share of non-tradables
in labor, %V increases. To see it formally, totally differentiate (26) together with (343), and
substitute (351):

e(1—9)

€+ ¢
Eq. (352) shows that both elasticity of substitution between traded and nontraded goods, ¢, and
the elasticity of labor supply across sectors, €, matter in determining the response of the share of
non-tradables in labor. Since evidence documented by the literature overwhelmingly suggest that
¢ < 1, a technology shock biased toward the traded sector leads to a reallocation of labor toward
the non-traded sector. Intuitively, when ¢ < 1, the appreciation in the relative price, P, raises
expenditure in non-tradables relative to tradables and thus boosts labor demand in the non-traded
sector. Thus, v™ increases in line with our empirical findings documented in section 2. As the
elasticity of labor supply across sectors (i.e., €) takes higher values, workers are more willing to shift
their hours worked toward the non-traded sector and thus vV increases more, as long as ¢ < 1.
While the traded sector experiences a labor outflow, the share of tradables in real GDP, v¥"H
unambiguously rises. In the data, the response of the sectoral output share is calculated as the
growth differential in GDP units between traded value added at constant prices and real GDP, i.e.,

a> 0. (351)

~L,N

oY =arp (1 —ay) az0. (352)

pVH = ap (YH — }AfR). Totally differentiating real GDP and inserting the resulting expression

reveals that change in the share of tradables in real GDP is positively related to the appreciation
in the relative price of non-tradables:

PV —ap (1—agp)¢P, (353)

where P is given by eq. (351). Because a higher degree of labor mobility across sectors mitigates the
excess demand in the non-traded goods market, and thus the appreciation in the relative price, P,
the share of tradables in real GDP increases less as more labor shifts away from the traded sector.

How do hours worked and the real consumption wage react to a technology shock biased toward
the traded sector? Higher productivity in tradables increases both traded and non traded wages
and thus raises the aggregate wage by an amount given by W = a Af + +(1-ayp) P. Totally
differentiating We = W/Pc and inserting (351) gives the response of the real consumption wage,
ie., Wo = acA” > 0. Thus the percentage change in the real consumption wage is independent of
the degree of labor mobility across sectors. By raising the aggregate wage and reducing the shadow
value of wealth, a technology shock biased toward the traded sector exerts two opposite effects on
labor supply. Totally differentiating (23b), i.e., L = (WA)?", and inserting (350) along with (351)
shows that total hours worked remain unaffected when o¢ = 1:

_oLag (1-0¢)
or +oc¢c

L= a<0. (354)
When o¢ = 1, the rise in leisure triggered by the wealth effect following a technology shock is
exactly offset by the fall in leisure resulting from the substitution effect caused by a higher wage.
When o¢ > 1, the curvature of the utility function derived from consumption is less so that the
marginal utility of consumption declines less rapidly. Henceforth, the impact of the wealth effect
on leisure is mitigated and the substitution effect dominates. Hence, a technology shock increases
labor supply when o > 1. It is worth noting that the elasticity of labor supply across sectors has
no impact on the response of total hours worked as a rise in € lowers the extent of the wealth and
substitution effect by the same magnitude.

S Totally differentiating (349a) and plugging (350) leads to (351).
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K.2 Endogenous TOT

We now shed some light on the implications of endogenous TOT. We solve the model by assuming
that workers do not experience a utility loss when shifting hours worked from one sector to another.
When we let € tend toward infinity into (13), we have:

L=L"+ IV (355)

Because workers are devote their whole time to the sector that pays highest wages, both sectors
must pay the same wage; thus egs. (343) reduce to:

W = PHAH = pN, (356)

Totally differentiating (356) reveals that the price of non-traded goods in TOTd goods, P=pN_
pH , appreciates by the same amount as AH , like in a model where TOT are exogenous. Differently,
as long as home- and foreign-produced traded goods are imperfect substitutes, such an appreciation
is achieved through a smaller appreciation in the relative price of non-tradables, pN , and a decline
in the TOT. As we shall see below, the fall in the relative price of tradables plays a key role
by mitigating the shift of labor toward the non-traded sector as the decrease in P¥ encourages
households to substitute home-produced traded goods for non-traded goods.

When the TOT are endogenous, two additional parameters determine the response of the open
economy to a technology shock: the export price elasticity, ¢x, and the elasticity of substitution
between home- and foreign- produced traded goods. We assume that both parameters are larger
than one. The assumption of ¢x > 1 is supported by evidence documented by Mejean and Imbs
[2015] which indicates that ¢x > 1 for the vast majority of the OECD countries.

Inserting first appropriate optimal decisions into (344), (346), (355), and (356), and differenti-
ating leads to the response of the TOT to a technology shock biased toward the traded sector:?°

~ _ XH .
= [(bx — 1) + ot p] (o, +0¢) + (1 — o) xH <0, (357)

where
x? =ocac(op +1)+ (1 —ac) ¢ (o + 0c) > 0. (358)

As shown in eq. (357), for the TOT to decline, the export price elasticity, ¢x, must be larger than
one. Intuitively, a technology shock produces a positive wealth effect which encourages agents to
consume more. Because imports increase, for trade to be balanced, the value of exports in terms of
foreign-produced goods, i.e, PTXH = ¢ (PH)lﬂi)X, must increase; when ¢y > 1, the fall in P¥
improves the balance of trade.

Because the decline in TOT mitigates the rise in traded wages, W, the marginal utility of
wealth declines less than that if the TOT were exogenous.”” Inserting first (35) and (24a) together
with (23a) into (346), differentiating and inserting (357) shows that the marginal utility of wealth
unambiguously declines:

>0

a < 0.

S lex =D +a (p—oc)|lar +or+ (1 —ac)oc] + (0c — ¢) (1 —ac) o’ (o + 0¢)
a [(¢x — 1) +afp](or +oc) + (1 —afl)xH

(359)

*6Tnsert first (23b), (356) and the market clearing condition for non-tradables (344) into (355) and differ-
entiate: X - R R A
aLLH =oL\A+oL <PH +AH> — (1 —aL)CN.

Then inserting first (24a) and (26) into the market clearing condition for home-produced traded goods (344),
making use of the balanced trade condition to eliminate X and differentiating leads to:

OzLAH-i-O'Lj\—l—O'L (pH-f—AH) :é—prH,

where we eliminated oz L™ from the above equation by using the first equation. Totally differentiate (23a)
and the market clearing condition for non-tradables by inserting first (25) and (26) in order to eliminate

the PV from the above equation; totally differentiating the balanced trade condition (346) to eliminate j\;
collecting terms leads to (357).
5"The change in the equilibrium value of the marginal utility of wealth can be rewritten in terms of

lim, o A, ie.,

5 _ { [(¢X —-1)+ aHp] (oL +weoc) lim j\_|_ a™ [acoc (or +we) + (1 — ac) ¢ (orn + weoe)] a}.
(Gx — D+ a7l o7+ o) + (1—am) ¥ A% (g — 1) + gl (o1 + o) + (1 - o) X7

Since the term in front of lim, .o ) is positive and smaller than one, while the second term on the RHS is
positive, the marginal utility of wealth declines less when the TOT deteriorate.
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Eq. (359) shows that the marginal utility of wealth unambiguously declines as long as export
price elasticity, ¢x, is larger than one, and households are willing to substitute home- for foreign-
produced traded goods, i.e., if p > 1. Intuitively, when the export price elasticity is larger than one,
the TOT decline which provides incentives to substitute home- for foreign-produced traded goods.
If (px — 1) +a'? (p—oc) > 0, the fall in the relative price of tradables exerts a negative impact on
imports. For trade to be balanced, the shadow value of wealth must decrease to increase imports of
foreign-produced traded goods.

Because the positive wealth effect encourages households to consume more, the demand for non-
traded goods increases. Since productivity of non-tradables remains unchanged, an excess demand
shows up which appreciates the price of non-traded goods in terms of foreign-produced traded
goods:®

PN — {[(6x —1)+a” (p—0c)+ o (1—ac)(occ — ¢)] (0L +weoc) + e acweoe (o — 1)}a =0
(ox — 1) +aflp] (or +0c) + (1 —af) xH (360) |

It can be shown analytically that PN < AH = ¢ and thus the relative price of non-traded goods
appreciates less than that if the TOT were exogenous. The reason is that the decline in TOT boosts
consumption in home-produced traded goods which in turn mitigates the increase in demand for non-
tradables. For labor to be shifted toward the non-traded sector, the elasticity of substitution between
traded and non-traded goods must be smaller than 1.5 As long as ¢ < 1, the share of non-tradables
in labor, v™¥ increases. To show it formally, we totally differentiate the resource constraint for

labor (355) and use the resulting expression to eliminate L from 5N = (1 — ay) (ﬁN - ﬁ), ie.,

N = (1 —-ap)ag (ﬁN — ﬁH) Computing responses in hours worked in the non-traded and the

traded sector, the change in share of non-tradables in labor is:5°

[(6x — 1) +a*p| (oL +0c) (1 —¢)

N = (1
ox — D)+ aflp](op +0c) + (1 — o) xH

—aL)aL[( a> 0. (361)
While hours worked are reallocated toward the non-traded sector, the extent of the labor shifts are
smaller than that if the TOT remained fixed. More precisely, by hampering the boom for non-
tradables, the adjustment in the TOT curbs the rise in the labor share of non-tradables.®! Because
less labor shifts toward the non-traded sector when the TOT decline, the share of tradables in real
GDP, v¥"H increases by a larger amount. To compute the growth differential in GDP units between
traded value added at constant prices and real GDP, use the fact that )A/R = aLYH +(1—ayr) YN

to eliminate Yg from ay, (YH — }A/'R>, and substitute YV = CN and Y# = CT — (1 — aH) pH, we
get:62
oY — (1 —ap)ar [m —(1-a™)(1-¢) PH} >0, (362)

where PH is given by eq. (357). Since lim,_ PH =, we have lim,_oo 2¥H = ¢a > 0. As long
as home- and foreign-produced traded goods are imperfect substitutes, i.e., p < oo, the decline in

*8Totally differentiating (356) and substituting (357) and rearranging terms leads to (360).
%To see it formally, insert first (25) and (26) into the market clearing condition for non-traded goods
(344), eliminate PY by using (356), totally differentiate and insert (357); one obtains:

iV _ [(px = 1) +a'p] ac o1 (0c — ¢) + weoe (1 - ¢)]
[(@x = D)+ aTpl (o1 + o) + (1 — ) X7
where the positive sign of the above equation follows from assumption ¢ < 1 and o¢ ~ 1.

59T compute the change in hours worked in the traded sector, divide both sides of the market clearing
condition of the home-produced traded good (344) by X and use the balanced trade condition (346) to

eliminate X on the RHS of the equation, i.e., ;;—Z =1+ ngH. Inserting first (35) and (24a), and totally
differentiating leads to: yvH - [qﬁx +a (p— 1)] PH where we used the fact that wcac = ar,. Using the
fact that L = YH — AH substituting (357) and rearranging terms leads to the percentage change in hours
worked in the traded sector:
pr_ l@x-1+ a"p] {(or +weoc) (1 - ac) (oc = ¢) + (1 = oc) [or +weoc (1 - ac)]}
[@x = 1)+ ap] (o, + wooe) + (1 — ak) X7

a >0,

a <0,

where the negative sign of the above equation holds for ¢ < 1 and as long as o¢ takes values close to one.
Subtracting L7 from LY and multiply by (1 — az) ar leads to (361).
61To see it formally, let p tend toward infinity into (361) and apply 'Hépital’s rule; we get lim,— oo o =
[(px—1)+a p](or+oc)
(6x —D+atpl(op+oc)+(1—aH )xH

(1—ar)ar (1 —¢)a; since [ < 1, then eq. (361) is a scaled-down of

lim, oo 05N,

52Eliminate X from Yfl =CH + XH by using the fact that X7 = €7 /P¥ | totally differentiate and
make use of the fact that CT = o7 CH + (1 — aH) cF.
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the TOT increases exports and C¥ which in turn mitigates the reallocation of labor toward the
non-traded sector and thus amplifies the rise in the share of tradables in real GDP.

L. Calibration Procedure

In this section, we provide more details about the calibration to a representative OECD economy
and to data from 17 OECD countries. Appendix E presents the source and construction of data.

L.1 Initial Steady-State

Since we consider CES production functions and we compare the results with Cobb-Douglas pro-
duction functions, we have to normalize the CES productions so that the steady-state is invariant
when the elasticity of substitution o7 is changed. Our strategy is to choose the initial steady-state
in a model with Cobb-Douglas production functions as the normalization point and set
parameters in the CES economy so as to target the ratios of the Cobb-Douglas economy. Because
we consider the initial steady-state with Cobb-Douglas production functions as the normalization
point, we have to calibrate the model with Cobb-Douglas production functions to the data.

Normalizing total factor productivity (TFP henceforth) for the non-traded sector Z¥ to 1, the
calibration reduces to 24 parameters: r*, 3, oc, or, €, ¥, ¢, p, @, o, d5, ps, 1, L1, 0ox, dx, K, Ok,
0, 0N, ZH we (= £), wen (= PNGGN), wgr (= P’éig”{), and initial conditions Ny, Kj.

Since we focus on the long-run equilibrium, the tilde is suppressed for the purposes of clarity.
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The steady-state of the open economy comprises 18 equations:

C = (PeX) 7
L= (W™,

=a-n () e
e e () e (B) e
or=o(5) o) e
LN:(L—m<2$>EL

H €
LH:ﬁ<Z/>L

PHZH(1—-0") = Py (r* + 0k),
PHZH (1 gy (k)"

pH 7 HpH (kH)l—(’H _wH

)

_pN
PN zNgN (kN)l 0 :WN7
EELH L k]NIV = K,
_ N
ZVIN (V)T =Ny aN 1Y,

XM = o (PT) 7%,
_pH
ZHH (kH)l 0 _oH xH "o,
"N+ PHXT — MF =0,
and the intertemporal solvency condition
N —No =V, (K - Ko),
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(363a)
(363b)

(363c)
(363d)
(363¢)
(363f)
(363g)

(363h)



where we used the fact that at the steady-state I/ = J7 (with j = T, N), and we also have

GV = (wen /PY) G, (364a)

G" = [(1 - wgv)wgn /PY] G, (364b)
GF=(1—-wev) (1 —wen)G, (364c)
Po=[e(PT) "+ (1-p) (P) Y] 77, (364
PT = [ou (PF)™" + (1= om)] ™7, (364e)

Py = [ (P))™" + (1= 0 (PY) 7] = (364f)
P = o (P) " 4 (L= )] 7 (364)
W= [ (W) 4 (-0 (W) Gl (364h)
MF=0F + 1" +GF, (364i)

yH = ZHLH ()" (364)

yN = ZV N (V) (364k)

Y = PEYH 1 PNy, (3641)

Using (364), the system (363) jointly determines the following 22 variables C, L, CN, C* CF LN,
LA N 17 17 1,G, k", kN, W WN K, PN, X7 PH N A

Before going any further, it is worth mentioning that in accordance with the empirical findings
documented by Bems [2008] for OECD countries, we choose an elasticity of substitution between

JY and JT of 1, i.e.,
JT ag JN l—ay
J= (m) (1 _aJ> , (365)

pr T PN N
PyJ PyJ
tradables, respectively, which are fixed parameters. The investment price index, Py = Py (P}F7 pN ),

associated with aggregator function (365) is:

and 1 —ay =

where oy = are investment expenditure shares on tradables and non-

Py = (PD)™ (PN) ™. (366)

Some of the values of parameters can be taken directly from data, but others need to be endoge-
nously calibrated to fit a set of an average OECD economy features. Among the 24 parameters, 5
parameters, i.e., o, JH @ 1, 9, §x together with initial conditions (N, Ko) must be set in order
to match key properties of a typical OECD economy. More precisely, the parameters o, ., o, 1,
¥, 6k together with the set of initial conditions are set to target ', a?, ac, o, Wy, UN.

We denote by v¥*H the GDP share of home-produced traded goods, vg, = G7/P7YJ and
vyi = PJJ7/PIY7 the ratio of government spending and investment expenditure on good j to
output in sector j, respectively, vy = PZ;% the ratio of interest receipts from traded bonds holding
to traded output, wy = £ Hf ” the ratio of exports to GDP, wg the ratio of government spending to
GDP, and wy = & }J,J the ratio of investment expenditure to GDP. The steady-state can be reduced
to the following five equations:

vV (1 + oy —vge +vgn) _ .y iT ¢’ (367a)
1—v¥H (1 —wvyn —vgn) 1—¢@ \ PN
1+e€
Y- H (PH>97H (ereN)(1+e)
= Pj)\ oHoN I 367b
1 V.H (PN)% ( J) ( )
v = woaca® +wiazall +wen (1 —wen)we + wx, (367¢)
K
(=0 v 4 (1= 0%) (1 =vH) = Py (" +0k) 3 (367d)
U, (K
vN =N, + VT; (Y - UK0> : (367¢)
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where vg, = % and II is a term composed of parameters described by:
H 1-%1—_;
0 H_,N
n oo 0T 0

(Z)e¥ 1=V

[(oH)ee” (1- (,H)o—eH)me)] /8%

vl (368)

The system (367) consisting of five equations determine v¥*# PN PH K/Y and vy. The five equa-
tions (367a)-(367e) described the goods market equilibrium for tradables relative to non-tradables,
the labor market equilibrium, the goods market equilibrium for the home-produced traded goods
market equilibrium, the resource constraint for capital, the intertemporal solvency condition, re-
spectively.

It is worth noting that ¢x is a free parameter which does not play any role in this calibration
strategy since the ratio of exports to GDP is determined residually by vy, vV, we, ac, o, wy,
ay, a? . To see it formally, use the current account equation in the long-run and divide both sides
by GDP; one obtains:

wx = —onvTH +weae (1 — aH) +wyag (1 — a{,{) ) (369)

While ¢ x does not play any role in the calibration strategy with Cobb-Douglas production functions,
this parameter is necessary to target wx when we allow for CES production functions since the
steady-state with Cobb-Douglas production functions is chosen as the normalization point.

Left-multiplying the home-produced traded goods market equilibrium (363t) by P, eliminating
PH X H by using the current account equation (363u), i.e., PEXH = M¥ —r* N leads to the goods
market equilibrium for tradables:

PHYH — pTCT 1 pTJT + GT —r*N. (370)

Let multiplying (363r) by P¥, dividing the market clearing condition for tradables (370) by the
market clearing condition for the non-traded good (363r) and equating the resulting expression with
the demand of tradables in terms of non-tradables for consumption obtained by calculating the ratio

6—1
of PTCT = PHCH 4 CT using (363)-(363¢) to (363¢), L.e., Lnlr = 12 (1;—1) , leads to the

goods market equilibrium (367a). The derivation of the labor market equilibrium requires more
steps. As mentioned below, we assume that the aggregator function for inputs of the investment
good is Cobb-Douglas since data suggest that ¢; = 1. In this case, the investment price index
simplifies as (366). First, combining (363m) and (363n) leads to:

LH 1-67 pPHZH (1 — 9" Sh 1-0H _1-¢N
( ) = [ ( )]179N [PJ (r*+5K)] ot o (371)

(kM) " PN N (1 Ny

Dividing (363g) by (363f) leads to the supply of hours worked in the traded sector relative to the
non-traded sector, i.e., % =2 (WH) . Dividing (3630) by (363p) leads to the relative wage of

1-9 \ W~
_ pH zHgH (1) =" . L :
tradables, i.e., % = pNszgNgszl—sN . Inserting the latter expression into the former and using
the production functions for the traded sector and non-traded sectors which imply L¥ = #
and LV = W, one obtains:
€ € € 1—9H 1te
YH g (ZENT A PHNC (9HNC | (K1)
YN 1-9\ZN PN oN (kN)lff’N

Left-multiplying the above expression by %, inserting (371), and collecting terms leads to the
labor market equilibrium (367b) while we set II to eq. (368) in order to write the equation in
compact form. To determine (367c), use the fact that K7 = k7 L7, multiply both sides of (363q) by

£ where R = P; (r* + 6k ) is the capital rental cost; we get:

REM pUy! - REN PNYN _ RK
PHYH 'y T PNYN y Ty
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Using the fact that the capital income share IIEJI)(,J, in sector j is equal to (1 — 07 ), one obtains the

resource constraint for capital described by eq. (367c). Multiplying both sides of (363t) by
%, and using (363d)-(363¢) and (3631)-(363j) leads to (367c):

v picH F  pHJH gF  pHGH  pHXH

v = e y g vy Ty Ty o
SﬁH H\1=p H a H\1=pJs H
— 1—<,0H(P ) (1704 )acchrl_LH(P ) (170[J)O[JUJJ

twgn (1 —wgn) wg + wx.

Finally, to get (367e), multiply both sides of (363v) by %, denote the ratio of interest receipts
from the initial stock of traded bonds to traded output by vy, = PT;,% and the ratio of the initial
capital stock to GDP by vk, = %2 leads to eq. (367e) that describes the intertemporal
solvency condition.

Because the ratios we wish to target are different from the macroeconomic aggregates, i.e.,
vV pN O pH O K/Y vy, that are jointly determined by the system of equations (367), we have to
relate the latter ratios to the former. First, the price of home-produced traded goods in terms of
foreign-produced traded goods, P, determines the home content of consumption and investment
expenditure in tradables by setting ¢ and -

H (pH)1=r H (pH\1=r7
ot = : 1(7 ) , and  of = y 1(, ) : (372)
PH (PH)™F 4+ (1= M) HPH) TP 4 (1= M)

Second, the price of non-traded goods in terms of foreign-produced traded goods, P, determines
the home tradable content of consumption expenditure by setting ¢:

p(P1) 7 .
P (PHY 4 (1 ) (PN)T

ac = (373)

Third, the ratio K/Y along with the relative price of tradables, P¥, and the relative price of non-
tradables, PV (see (364g) and (366)), determine the investment-to-GDP ratio P;I/Y by setting
(see eq. (363k)):

P;I ox K

The ratio of net interest receipts from traded bonds holding to traded output, i.e., vy, determines
the ratio of next exports to traded output, i.e. vyx = % with NX = PEXH — MF; dividing
both sides of the current account equation (363u) leads to:

UNX = —UN. (375)

Finally, we show below that ¥ is related to the share of tradables L /L which we target by setting
9. To do so, using the definition of the aggregate wage index (364h), the ratio of the aggregate wage
to the non-traded wage can be rewritten as follows:

W e+1 B 19 (WH)EJrl + (1 . 19) (WN)E+1
WH - (WH)6+1 ?
WN e+1
and by solving, we get
W 1A

Since #7 is the labor income share in sector j, the ratio of the non-traded wage to the traded wage
can be written as follows:

N 9N 1— Y,H LH
W <”> (377)

WH ~ gN UV H LN’
Dividing (363g) by (363f) leads to a positive relationship between the supply of hours worked to the
traded sector relative to the non-traded sector and the traded wage relative to the non-traded wage,

€
ie., f—ﬁ = % (%) . Substituting the latter equation, eq. (377) can be solved for W& /WH ie.,

1

WN 9 QN 1— I/Y’H e+1
WH ~ {1—199H< vY-H >} ’ (378)
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e+1
Additionally, since ay = W‘;éH =1 W—H) , the share of traded hours worked in total hours

W
worked is governed by the following optimal rule:

gl WHN
T - ﬂ(w)’

- (VKH) (379)

Inserting (378) into (376) and plugging the resulting expression into (379) gives us a relationship
between the share of tradables in employment and the share of tradables in GDP, v¥>:

WA ==
9+ (1-9) <VVH) ] ,

N /1 _ Y H -1
= g [1+ o7 (VYVHH . (380)

According to (380), given vV setting ¢ allows us to target the ratio L /L found in the data.

LH

i3 0

L.2 Calibration to a Representative OECD Economy

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. This section provides more
details about how we calibrate the model to match the key empirical properties of a representative
OECD economy. Because we consider an open economy setup with traded and non-traded goods, we
calculate the non-tradable content of GDP, employment, consumption, gross fixed capital formation,
government spending, labor compensation, for all countries in our sample, as summarized in Table
4. Since we assume that home- and foreign-produced traded goods are imperfect substitutes, we
calculate the home content of consumption and investment expenditure in tradables on the one
hand, and between purchases of home-produced goods from the home and the rest of the world
(i.e., exports) on the other hand. To capture the key properties a typical OECD economy which is
chosen as the baseline scenario, we take unweighted average values shown in the last line of Table
4. Columns 12-14 of Table 4 also report government spending and investment as a share of GDP
along with the aggregate labor income share.

We first describe the parameters that are taken directly from the data; we start with the pref-
erence parameters shown in panel A of Table 5:

e One period in the model is a year.
e The world interest rate, r*, equal to the subjective time discount rate, (3, is set to 4%.

e We set the intertemporal elasticity of substitution for consumption, ¢, to 2 in line with
estimates documented by Gruber [2013]. While this value is higher than that usually used in
the international RBC literature (i.e., o = 1), we choose this value to reduce the impact of
the wealth effect on labor supply and generate a positive response of total hours worked.

e Next, we turn to the Frisch elasticity of labor supply. We set the intertemporal elasticity
of substitution for labor supply oy, to 1.6, in line with the evidence reported by Peterman
[2016] who find a value for the macro Frisch elasticity of 1.5 and 1.75 for the population aged
between 20 and 55, and between 20 and 60. This value of 1.6 enables us to generate an initial
increase in total hours worked by 0.09% we estimate empirically following a 1% permanent
increase in TFP of tradables relative to non-tradables, see Fig 10(a).

e The elasticity of labor supply across sectors, €, which captures the degree of labor mobility
is set to 1.6. Our estimates display a wide dispersion across countries as they range from a
low of 0.01 for Norway to a high of 3.2 for the United States, see Table 9. This value of 1.6
is halfway between the lowest and highest estimate for the degree of labor mobility across
sectors .63

o We set the elasticity of substitution between traded and non-traded goods, ¢, to 0.44, in line
with estimates by Stockman and Tesar [1995]. Because this parameter plays a key role in the
quantitative analysis, we have estimated this parameter by running the regression of the share
of non-tradables in consumption expenditure on the ratio of non-traded prices to CPI. We
explore empirically two variants of the testable equation by including or not a country-specific

53 Appendix F.3 presents the empirical strategy and contains the details of derivation of the relationship
we explore empirically.
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linear time trend which captures the fact that the preference for consumption in non-tradables
may vary over time (see Appendix F.2). As can be seen in the last row for Table 10 which
reports estimates for the whole sample, we find that ¢ stands at 0.66 or 0.33 depending on
whether a country-specific linear time trend is included or not. A value of 0.44 falls in the
range of these estimates.5

We set the elasticity of substitution, ¢z, in investment between traded and non-traded inputs
to 1, in line with the empirical findings documented by Bems [2008] for OECD countries.

Following Backus, Kehoe and Kydland [1994], we set the elasticity of substitution, p (ps), in
consumption (investment) between home- and foreign-produced traded goods (inputs) to 1.5.

We carry on with the non-tradable content of consumption, investment and government
expenditure, employment, along with sectoral labor income shares shown in the last line of Table 4
that reports the average of our estimates while panel B of Table 5 displays the value of parameters
we choose to calibrate the model:

The weight of consumption in non-tradables 1 — ¢ is set to 0.49 to target a non-tradable
content in total consumption expenditure (i.e. 1 — a¢) of 53%.

In order to target a non-tradable content of hours worked of 63% which corresponds to the
17 OECD countries’ unweighted average shown in the last line of Table 4, we set the weight
of labor supply to the traded sector in the labor index L(.), 1 — ¥, to 0.6.

We choose a value for the weight of non-traded inputs in the investment aggregator function
J(.), 1—¢, of 0.62 which allows us to obtain a non-tradable content of investment expenditure
of 62%.

In accordance with our estimate shown in the last line of Table 4, we choose a non-tradable
N ~N
content of government spending, wgy = %, of 90%; by construction, we have a share of

government consumption on tradables in total government spending, wgn = 1 —wgw, of 10%.

Columns 10 and 11 of Table 4 give the LIS of the traded and the non-traded sector for the
seventeen OECD countries in our sample. LISs 8 and 0"V average respectively to 0.63 and
0.68. These average values reveal that the non-traded sector is relatively more labor intensive
than the traded sector. It is worth mentioning that our estimates of 0.63 and 0.68 for #7
and 6V, respectively, are consistent with an aggregate labor income share of 66%, as shown
in column 12 of Table 4. Formally, the aggregate labor income share, denoted by s, is a

. i . H pH~ H N pNy N
value-weighted average of the sectoral labor income shares, i.e., s;, = &£ v Y— o F v Y_

We assume that initially, traded firms are as much productive as non-traded firms and thus
normalize Z7 to 1.

We describe below the choice of parameters displayed in panel C of Table 5 which target the
home content of expenditure in tradables:

In order to target a home content of consumption expenditure in tradables of 77% which
corresponds to the 17 OECD countries’ unweighted average shown in the last line of Table 4,
we set the weight of home-produced traded goods in the consumption aggregator function for
tradables CT(.), ¢, to 0.84.

We choose a value for the weight of home-produced traded inputs in the traded investment
aggregator function J7(.), 1, of 0.62 which allows us to obtain a home content of investment
expenditure in tradables of 51%.

Since data availability does not enable us to differentiate between government expenditure in

home- and foreign-produced traded goods, we assume that the government does not import

. H~H
goods and services from abroad, and thus set wgr = £ G? to 1 and wgr = 0.

Building on structural estimates of the price elasticities of aggregate exports documented
by Imbs and Mejean [2015], we set the export price elasticity, ¢x, to 1.7 in the baseline
calibration.

We describe below the choice of parameters displayed in panel D of Table 5 characterizing
macroeconomic variables such as investment, government spending and the balance of trade of a
typical OECD economy:

As shown in the last line of column 14 of Table 4, government spending as a percentage of
GDP averages 20% and thus we set wg = % to 0.2.

54We derive a testable equation by combining the demand for non-traded goods and the market clearing
condition for non-tradables. Details of derivation of the equation we explore empirically can be found in
section F.2.
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e In order to target an investment-to-GDP ratio, w; = %, of 24% as shown in the last line of

column 13 of Table 4, we set the rate of physical capital depreciation, dx, to 9.3%.

e We choose the value of parameter x so that the elasticity of I/K with respect to Tobin’s q,
i.e., Q/Py, is equal to the value implied by estimates in Eberly, Rebelo, and Vincent [2008].
The resulting value of x is equal to 17.65

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

Investment- and government spending-to-GDP ratios along with balanced trade endogenously
determine the consumption-to-GDP ratio. More precisely, since GDP is equal to the sum if its
demand components, remembering that at the steady-state I = J, we thus have the following
accounting identity, Y = PoC + P;I + G + NX. Dividing both sides by Y and remembering that

net exports are nil, i.e., NX = 0, the consumption-to-GDP ratio denoted by wo = P%C is thus
equal to 56%:
PeC NX
wc:%:k <wJ+wG+Y> = 56%, (381)

where wy = % = 24%, wg = % = 20%, and NX = 0.

It is worth mentioning that the tradable content of GDP is endogenously determined by the
tradable content of consumption, a¢, of investment, a;, and of government expenditure, wgr,
along with the consumption-to-GDP ratio, w¢, the investment-to-GDP ratio, wy, and government
spending as a share of GDP, wg. More precisely, dividing the traded good market clearing condition
(370) by GDP, Y, leads to an expression that allows us to calculate the tradable content of GDP:

pHyH
Y

where wg = 56%, ac = 47%, w; = 24%, ay = 38%, wer = 10%, and wg = 20%. According to
(382), the values we target for the non-tradable content of consumption, investment and government
spending along with the consumption-, investment-, and government spending-to-GDP ratios are
roughly consistent with a tradable content of GDP of 39% found in the data, as reported in the last
line of column 1 of Table 4. The cause of the slight discrepancy in the estimated tradable content
of GDP is that nomenclatures for valued added by industry and for expenditure in consumption,
investment, government expenditure by items are different. Reassuringly, the GDP share of tradables
(39%) is close to that calculated by using demand components (38%).

Since we set initial conditions so that the economy starts with balanced trade, export as a share of
GDP, wx, is endogenously determined by the import content of consumption, 1 —a¥, of investment,
1 — !t and of government expenditure in tradables, 1 —wgs , along with the consumption-to-GDP
ratio, we, and the investment-to-GDP ratio, wy, and government spending as a share of GDP, w¢.
More precisely, dividing the zero current account equation (363u) by GDP, Y, leads to an expression
that allows us to calculate the GDP share of exports of final goods and services produced by the
home country:

pHxH
Y

= weoac +wyag +wegrwg = 38%, (382)

= weoao (1 — aH) +wiag (1 — 04_1;1) + (1 —wgn) (1 —wan)wg = 10.4%, (383)

where we = 56%, 1 — ol = 23%, w; = 24%, 1 — alf = 49%, 1 —wer = 0; in line with our evidence
reported in column 7 of Table 4, the ratios we target enable us to reproduce the imports to GDP
ratio of 10%, keeping in mind that we consider trade on final goods.

In order to capture the dynamic adjustment of productivity in tradables relative to non-tradables,
we assume that the response of sectoral TFP in percent is governed by the following dynamic equa-
tion:66

Zilt)y =27 4 #e ¢, (384)

where Z7 is the percentage steady-state change in sectoral TFP; 27 and & > 0 parametrize the initial
increase in sectoral TFP and the speed at which Z7 reaches its new steady-state level, respectively.
More precisely, z7 takes negative values when sectoral TFP undershoots its steady-state level. The

Ha

‘true’ measure of the technology bias toward tradables denoted by Z is given by Z(t) = %

with a = m and b = a% (see (242)). We present below the parameters related to
Q)TN

endogenous responses of sectoral TFPs to an exogenous shock to a productivity differential which
are summarized in panel E of Table 5:

5 Eberly, Rebelo, and Vincent [2008] run the regression I/K = o 4 3 .1n(g) and obtain a point estimate
for B of 0.06. In our model, the steady-state elasticity of I/K with respect to Tobin’s q is 1/k. Equating
1/k to 0.06 gives a value for x of 17.

5More technical details can be found in section I.1.

136



e In the quantitative analysis, we consider permanent changes in sectoral TFP, 77, so that the
labor share-adjusted TFP differential is 1% in the long run:

7 =aZ 7N =1%. (385)

e We estimate a simple VAR model [¢Z, Z, ZH, ZN] where € is the shock to a productivity
differential which is identified by considering the baseline VAR model which includes aggregate
variables. When we generate IRFs for traded and non-traded TFP, we find a slight discrepancy
in the estimated technology shock biased toward the traded sector because A (t) slightly differs

from the weighted average aZH (t) — bZN (t). We thus take the following route. We compute

ZN (t) at various horizons by using the following formula ZV (t) = M (see eq. (385).

e To reproduce the initial response of sectoral TFP we estimate empirically, we choose 2/ by
setting ¢t = 0 into (384):

Ho= (ZJ‘ - Zj(O)) , (386)
where Z7 corresponds to steady-state change in percentage of TFP in sector j = H, N and

Z3(0) is the initial response of TFP in sector j. Bq. (386) gives us z7 = —0.0936 and
zN =0.0002.

e To reproduce the shape IRFs of sectoral TFPs, we first solve (384) for &7:

€=—1m<@“*”h>. (387)

zJ

We choose time t so that &7 gives us the best fit of the response of 79 (t) estimated empirically.
For both sectors, we take t = 3 which gives us £ = 0.5709 and to £V = 1.1668.

e Given values for 27, ¢/ and Z7, we can compute the transitional path for Z7(t) by using (384)
and thus the adjustment of the productivity of tradables relative to non-tradables by using
(385), assuming that the weights a and b are constant over time.

L.3 Calibration Procedure with CES Production Functions
The production functions are assumed to take a CES form which we repeat for convenience:

. . od
ol -1 ol—1|osi-1

Yit)= | (AL (1) 7 +(1—+) (B (K (t) 7 : (388)

where A7 and B7 are labor- and capital-augmenting productivity, and o7 the elasticity of substitution
between capital and labor in production.

Compared with a model imposing Cobb-Douglas production functions, the model assuming
CES form for production technology has 8 additional parameters, i.e., o, o™, ~v7, AN AH BH,
AN BN Given that we assume Hicks-neutral technological change at the initial steady-state, i.e.,
Al = BJ = 77, and sectoral TFP are set to one, it leaves us with 4 additional (compared with
subsection L.1) parameters only. Among these four parameters, two can be taken from the data.
Following Antras [2004], we run the regression of (logged) valued added per hours worked on (logged)
real wage over 1970-2013 in panel data while letting the coefficient in front of W7/PJ vary across
countries, see section F.4. We take unweighed average values shown in the last line of columns 17-18
of Table 4 and set o = 0.69 and ¢ = 0.72. We normalize CES production functions because,
as underlined by Leén-Ledesma et al. [2010], the normalization allows CES production functions
featuring different elasticity of substitution to share the a common baseline point. A ‘

We assume Hicks-neutral technological change at the initial steady-state, i.e., A} = B} = Z},
so that eq. (388) now reads as follows:

v =%

=) ()7 (3%

and the labor income share is given by

o —1

. A ZI\
%p_¢<g> . (390)

Yo
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The steady-state of a semi-small open economy with CES production functions is described by
the following set of equations:

aH—l agfil
I [WH (1= ) () } , (301a)
UN
oN_171oN_1
T AR IO I ksl N (3910)
oH _1
ZH “oH
s =" (H) : (391c)
Y
oN—
ZN ToN
sp =N (N> : (391d)
Y
oH_1
ZHkH -H
1—5{’:(1—%)( i ) , (391e)
oN_1
ZNkN ToN
1—s7 = (1-7") ( N > : (391f)
vV H (1+vy —vge +vgu) % P7T ¢ (391g)
1—-vYH  (1—vyny —vgn)  1—@ \ P ’ &

H_q

T (w)e <PH)1+€ @ )) S (391h)

1—yVH N ) \ PN (2 () )
v = weaca +wsasall +wgn (1 -wen)we +wx, (391i)
K
(1 — QH) I/Y7H + (1 _ GN) (1 _ VY,H) — PJ (T* +6K) ?’ (391J)
Vv, (K
UN = UNy + VY,Hi (Y - UKO) ) (391k)
where vy, = %» vk, = 52, The system (391) consisting of eleven equations determine y*, y,

st N RH N Y H PN PHUK/Y | and vy. The five equations (391g)-(391k) stand for the
goods market equilibrium for tradables relative to non-tradables, the labor market equilibrium, the
goods market equilibrium for the home-produced traded goods market equilibrium, the resource
constraint for capital, the intertemporal solvency condition, respectively.

While these last five equations have been derived in subsection L.1, one equation deserves
attention as the assumption of CES production functions modifies the derivation of the labor market
equilibrium. Dividing (363g) by (363f) leads to the supply of hours worked in the traded sector

relative to the non-traded sector, i.e., % = % (%)6 Dividing (277b) by (277c) leads to the

relative wage of tradables, i.e.,

Inserting the latter expression into the labor supply equation and using the fact that L¥ = );—,:I and

N .
LN = Z—N, one obtains:

=t () (7) (z) "o} ()
VYT ) AP () )

Left-multiplying the above expression by %, and collecting terms leads to the labor market
equilibrium (391h).

We choose the initial steady-state in a model with Cobb-Douglas production functions described
in section L.1 as the normalization point; k/ and 7’ are the steady-state quantities from the Cobb-
Douglas case. The objective of the normalization is to choose 77 in eq. (390), so as to maintain the
steady-state sectoral labor income share at 67, and to choose Z7 in eq. (389) so as to maintain the
sectoral steady-state output level equal to the Cobb-Douglas value 77. Let us remind that 7 is the
labor income share in the baseline model with Cobb-Douglas production functions; equating v and

138



k:g to 7 and k7, respectively, eqs. (389) and (390) can be solved for parameter v/

i = g [ea‘ L (1—07) (F) 133‘”}_1 , (392)

and parameter Z7

ol 1] 1-0J

2=y [+ (=) ) (393

Making use of (372) and (373), we set o, /1 and ¢ to target af, alf, and ac:

~H

" @
¥y = — ) (394&)
af + (1 —aH) (PH)'™"
~H
R NI TR (394D)
af + (1 —-af) (P¥)
ac
p= — T (394c¢)
— — PN
ac +(1—ac) (,—TH)
We choose ¥ so as to target the tradable content of labor compensation ajp:
9 = e (395)

- 1+€-
ar+(1—ar) <%)

Using the fact that wx = PH;(H with X = oy (PH)%)X, we set px to target an export-to-GDP
ratio Wx:

px = Yax (P17 (396)
We choose dx so as to target an investment-to-GDP ratio @;:
(DJY/
K = =——=. 397
K=P R (397)

We set Ny so as to target @we or alternatively balanced net exports (which imply vy = 0) by using
the accounting identity between GDP and the sum of demand components:

_ (@ 0 -1
No=V (“’C i w": we ) . (398)
Finally, we choose Ky to target K by using the intertemporal solvency condition:
_ No— N
KO:K+< 0_ ) (399)
Uy

L.4 Calibration Procedure with CES Production Functions and Factor
Biased Technological Change

In this subsection, we provide more details about how we determine the direction and the magnitude
of factor biased technological change. We begin with the approach adopted in the main text and
then we contrast the results with those obtained by following an alternative method.

Estimating Empirically Factor Biased Technological Change

To calibrate the dynamic responses of A7 and B7, we proceed as follows. To start with, we
repeat the ratio of factor income share for convenience:

1—0d

p 7j BIKI\ o7
J—
§7 =1 vj( 5 : (400)

Since we normalize CES production function (388) so that the relative weight of labor and capital
is consistent with the labor and capital income share in the data, solving for 77 leads to:

AN
o= <f) 5% 01 (401a)

] Bj];] ol )
1-+7 = < 070 (1=357 ) (401Db)



Dividing (401a) by (401b) leads to:

1—0J

_ i (B
[ j— <B°k°> . (402)

L=A7\ A4

Dividing (400) by (402) and solving for relative capital efficiency leads to:

"y -1 ol
Bi(t)/B} kI (t Si)\
®)/By ) _ [+ () '(2) _ (403)
W)\ K 5
Since initially we assume Hicks-neutral technological change at the initial steady-state, we have
Al = B} = Zj. The technology frontier is described by

) _ (<>) <B<>) o)
A A By

Log-linearizing, the system (403)-(404) can be solved for labor and capital productivity:

At = 29(t) — (1 - ggo) [( o’ ) S9(t) — e (t)] , (405a)

Bit)y=2'(t)+ 5, , Kl fj > S9(t) — l%j(t)} , (405b)

ol

where 57 (t) = lsj# To recover the dynamics of A7 and B7, we first estimate two VAR models; the
5

first VAR model inéfudes the productivity differential, Z, the labor income share in sector j, and the
capital-labor ratio in sector j, i.e., [Z , 87, kI ]; the second VAR model includes the technology shock
(identified from the estimation of the baseline VAR model including aggregate variables), sectoral
TFPs, and the productivity differential. Next, we generate IRFs and plug estimated responses of
Z7, k7, s7 into (405a)-(405b) which allows us to make inference of the underlying process of A7 and
BJ in the data. As discussed below, four situations may emerge.

Differentiating (403) leads to:

Bi(t) — Al (t) = ( o ) SI(t) — K (2). (406)

While eq. (406) gives us the excess of capital productivity growth over labor productivity growth,
the system of equations which comprises (405a)-(405b) allows us to determine the changes in labor
capital efficiency:

A =29(t) - (1 - éi,o) (BJ‘ (t) — Aj(t)) , (407a)

Bi(t)=27(t) + 5, (Bﬁ (t) — Aj(t)) . (407b)

Egs. (407a)-(407b) show that four situations can emerge:

e When the productivity differential between capital and labor (BJ — AJ) > 0 exceeds - f; >
L
0, we have A7 < 0 (and B’ > 0).

e When the decline in relative capital efficiency — (BJ — Ad ) > 0 exceeds SZTJ > 0, we have
Bi <0 (and A7 > 0).

L
e When the productivity differential between capital and labor falls between ~Z and %,

SJ
we have BY > 0 and A7 > 0:

L

1—0d

— if ( o’ ) S9(t) > k7 (t), relative capital efficiency increases;

— if (ﬁ;) S3(t) < ki(t), relative capital efficiency declines.
We further specify a dynamic adjustment for A7 (t) and Bi (t) similar to that described by eq.
(384), i.e.,

Aty =Al + e €t Bi(t)=B +be 4", (408)
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Figure 26: Empirically vs. Numerically Estimated Factor Biased Technology Shock in the
Home-Produced Traded Goods and Non-Traded Goods Sector. Notes: Figure 27 plots impact (i.e.,
at time ¢t = 0) and long-run (i.e., at time ¢ = 10) responses of FBTCY, estimated numerically (by using (46a)-(46b))

on the horizontal axis against those estimated empirically (by using (7) to construct time series for FBTC and then
estimating a VAR [Z, FBTCY,]) on the vertical exis.

where we assume that the speed of adjustment &7 corresponds to the speed of adjustment of sectoral
TFP, Z7 (ie., €¥ = 0.5709 and £V = 1.1668, see subsection L.2). We choose @/, b’ by setting t = 0

into (408), i.e., @@ = — (fv‘ - AJ‘(O)), and b/ = — (éﬂ' ;Y (0)) which gives us a? = —0.020840,
b = —0.202769, a”V = 0.234035, b = —0.500629.
Contrasting Numerical vs. Empirical Estimates of FBTC

One alternative approach to that described above amounts to constructing time series for FBTC
by using eq. (403), i.e.,

1—0J

(Bj <t>/1?5>
A/ )

oJ

_ (PO o S7(t) (409)
K ST

Using time series for sectoral capital ratios, k7, labor income share, st, along with our estimates
of 07, one can make inference on FBTC which we have denoted by FBTCgt. Then, we estimate a
simple VAR model [ZAit,FBTCgt] by adopting the identification approach by Gali [1999]. Fig. 26
plots impact and long-run responses of FBTC estimated empirically on the vertical axis against
FBTC computed numerically by using (46a)-(46b). Overall, differences between the two approaches
are quantitatively small. While both methods should identical, computation of FBTC by using
(46a)-(46b) slightly improves the fit to the data.

FBTCY(t)
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M More Numerical Results

In this section, we provide additional numerical results which are not included in the main text for
reasons of space. In subsection M.1, we conduct a sensitivity analysis with respect to the degree
of labor mobility across sectors which displays a wide cross-country dispersion across countries,
exogenous vs. endogenous TOT, FBTC vs. HNTC, capital installation costs vs. no installation
costs, Cobb-Douglas economy vs. CES economy. In section M.2, we plot the technology frontier, we
contrast empirical with theoretical responses of the ratio of factor income shares, we contrast plot
the responses of the ratio of factor income shares against the responses of FBTC and contrast the
cross-country relationship from empirical results with the cross-country relationship from numerical
results. Finally, we plot the long-run measure of the deviation from HNTC estimated empirically
against the measure estimated numerically. We consider VAR estimates with two lags and one lag.

M.1 Effects of Asymmetric Technology Shocks across Sectors: Sensitivity
Analysis

Table 24 reports impact effects for additional scenarios which are not shown in the main text for
reason of space. Column 1 reports the data, i.e., impact effects from VAR models specified in the
main text whilst column 2 shows results for the baseline model with capital adjustment costs, IML,
endogenous TOT, and FBTC.

Columns 3 and 4 show results when the production function is of the CES or Cobb-Douglas
(’CD’) type while technological change is Hicks neutral. When contrasting the results with those
shown in column 2 from our baseline model with CES production functions and FBTC, as can be
seen in panel C, the model with FBTC performs better in reproducing the change in the labor
share of tradables. As a result, the baseline model also reproduces better the responses of sectoral
labor and sectoral value added. The performance of the baseline model is also much higher for the
responses of the sectoral LIS.

Column 7 shows results when the elasticity of aggregate labor supply, o, and the IES for
consumption, o¢, are set to one while we assume Cobb-Douglas production functions. In this case,
the negative impact of the wealth effect on labor supply is higher which implies that labor supply
becomes unresponsive to the technology shock. Consequently, we need to impose a higher value for
oc to generate the rise in total hours worked observed in the data.

Turning to the implications of labor mobility costs, our estimates of the elasticity of labor
supply across sectors display a wide dispersion across countries and we therefore conduct a sensitivity
analysis with respect to this parameter. We set € to 0.22 (for Ireland) and 3.2 (for the United States)
and in both cases we assume Cobb-Douglas production functions and thus abstract from FBTC.
While the introduction of a difficulty in reallocating labor across sectors improves significantly the
performance of the model, columns 5 and 6 allow us to gauge the extent to which different values for
e affect differently "High mobility’ and 'Low mobility’ economies. As shown analytically in Appendix
K.1, a rise in the degree of labor mobility exerts two opposite effects on sectoral labor shares: while
workers are more willing to shift across sectors, the relative price of non-tradables appreciates less
which mitigates the incentive for labor reallocation. We find numerically that raising the elasticity
of labor supply across sectors, €, from 0.22 to 3.2 amplifies the decline in the labor share of tradables
and thus the increase the share of non-tradables in labor. Quantitatively, the increase in v“ in
"High mobility’ economies is more than three-fold that obtained in the group of low mobility.

Columns 8 and 9 display results for two restricted versions of the model. In both cases we
assume Cobb-Douglas production functions and thus the results are comparable with those shown
in column 4. While in column 8, we allow for endogenous TOT but abstract from capital adjustment
costs (k = 0), in column 9, we allow for capital adjustment costs but impose exogenous TOT by
considering a small open economy. As it stands out, capital adjustment costs do not play a key role
in allowing the model to match the evidence, as can be seen by contrasting the results shown in
column 9 with those displayed in column 4 where we consider Cobb-Douglas production functions.
On the contrary endogenous TOT play a pivotal role (column 8) since imposing exogenous TOT
leads the model to considerably overstate the shift of labor across sectors.

Columns 10-13 show results from a model imposing perfect mobility of labor across sectors.
Column 10-11 show results when allowing for CES production functions while column 11 further
assumes FBTC. The last two columns show results when we impose Cobb-Douglas production
functions. We further restrict the model in column 13 by imposing exogenous TOT. Overall, across
all scenarios, the model imposing perfect mobility of labor substantially overstates the reallocation
of labor toward the non-traded sector, even when we allow for endogenous TOT and FBTC (i.e.,
column 10).
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M.2 Cross-Country Analysis

In this subsection, we provide additional numerical results which are not included in the
main text for reasons of space. Before discussing the results, let us mention that there

exists a linear mapping between the response of the ratio of labor to capital income share,

A . . AL )
denoted by S7(t), and the response of the LIS, &/ (t), since S7(t) = %
the capital income share in sector j averaged over 1970-2013 for each country in our sample

(except Japan: 1974-2013).

where 1 — 57 is

M.2.1 Technology Frontier

Fig. 27 plots impact (fist column) and long-run changes (second column) in labor efficiency
on the horizontal axis against capital efficiency on the vertical axis in the traded (first row)
and non-traded sector (second row). Following a technology shock biased toward tradables
of 1%, TFP in the traded sector increases so that the technology frontier for tradables moves
away from the origin and within each country. Traded firms must choose new levels for labor
and capital efficiency, i.e., (47, BY), along the technology frontier. Each square in Fig. 27(b)
represents this choice for each country and thus allows us to plot a trend line which describes
the world technology frontier for tradables in the long-run. Along this world technology
frontier, we identify four situations. Firms can choose to increase capital relative to labor
efficiency by such an amount that the latter declines, like Japan, the Netherlands, Norway,
Spain, the U.K., the United States (see the north-western part of Fig. 27(b)). Conversely,
firms can choose to reduce B7/A7 to an extent that results in a decline in capital efficiency,
such as in Belgium, Denmark, Finland, France, Germany (see the south-eastern part of
Fig. 27(b)). Between these two extremes, some OECD countries choose to increase both
capital and labor efficiency, the rise in the former being larger or smaller than the latter.
Australia, Canada, Italy, and Sweden raises B’ /A7 whilst Austria and Ireland lower relative
capital efficiency. While the same picture emerges for the non-traded sector as can be seen
in Fig. 27(d), non-traded TFP declines and thus the technology frontier moves downward.
The reason is that we normalize the productivity differential between tradables and non-
tradables to 1% and data suggest that such a productivity differential can be achieved
only by lowering Z~. The world technology frontier for non-tradables indicates that in
twelve out the seventeen countries, non-traded firms decide to increase capital relative to
labor efficiency. This rise in BV /A" is pronounced in Belgium and Germany (because
o7 is close to 1), and to a lesser extent in Canada, France and the United States as labor
efficiency declines whilst capital efficiency increases. Since recovering time series for capital-
and labor-augmenting technological change involves the elasticity of substitution between

capital and labor, i.e., (37 (t) — fl%t)) = oG (t) — k7 (t), when o7 takes values close to

1—07
ol
1—0J

very high values for B’ (t) — Aj(t) for these two economies for j = N. Conversely, only
a few countries such as Denmark, Italy, Norway, Sweden decide to lower capital efficiency
while increasing labor efficiency. Other countries such as Austria lower AV and BY while

BN /AN increases. By contrast, the U.K lowers labor and capital efficiency and reduces
BN /AN,

one, such as for Belgium and Germany, the ratio takes large values which results in

M.2.2 Responses of LIS across Countries: Model vs. Data

In the main text, we infer changes in labor and capital efficiency following a productivity
differential between tradables and non-tradables of 1% in the long-run, i.e., A7(t) and B (t),
by using eqgs. (46a)-(46b). More precisely, we determine the shifts in A7(¢) and B7(t) along
the optimal technology frontier (33) which are consistent with the equality between the

. i
ratio of labor to capital income share for country i at time ¢, i.e., S}, = 1SL’J-” , and the
—SL,it
. . . . Y7 /L7,
ratio of the elasticity of output w.r.t. labor to that w.r.t. capital, i.e., Y/Zj/klj . Because we
it it

plug responses of TFP, LIS, and the capital-labor ratio in sector j estimated empirically
into (46a)-(46b), at first sight, our model should be able to reproduce perfectly well the
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Figure 27: Technology Frontier in the Home-Produced Traded Goods and Non-Traded
Goods Sector. Notes: Figure 27 plots impact (i.e., at time ¢ = 0) and long-run (i.e., at time ¢ = 10) changes
in labor and capital efficiency in sector j on the horizontal and the vertical axis, respectively. Changes in AJ (t) and
Bi(t) in percentage from initial steady-state are computed numerically by using eqgs. (46a)-(46b).
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Figure 28: Numerically vs. Empirically Estimated Responses of Ratio of Labor to Capital
Income Share. Notes: Fig. 28 contrasts numerically computed with empirically estimated responses of the ratio

. J
of the labor to capital income share, S7 = ISL]- , on impact (i.e., at time ¢ = 0) and in the long-run (i.e., at time
—8

t = 10). Numerically computed responses of LIS in sector j are those obtained by calibrating and simulating the
semi-small open economy model with imperfect mobility of labor and CES production functions given shocks to B’
and A7 in sector j derived from (46a)-(46b). Empirical responses of LIS are obtained by estimating a VAR model

which reads as follows |Z;¢, %JL it l%ft] Sample: annual Data, 17 OECD countries, 1970-2007.

responses of S7 estimated empirically. However, we have to bear in mind that changes in Al
and B’ also impinge on P¥ and PN which in turn have a feedback effect on k7 and s7 since
we consider a general equilibrium model. Moreover, there is some uncertainty regarding
the response of k7 whose construction requires a number of assumptions. We thus contrast
in Fig. 28 the response of S’ estimated empirically with that computed numerically when
we simulate the semi-small open economy model laid out in Appendix J while changes in
AJ and BY are calibrated by plugging estimated values for 0/ and estimated responses from
the VAR model for Z7, k7, s into eqs. (46a)-(46b).

In Fig. 28, we plot estimated responses of S/ in sector j from the VAR model (vertical
axis) against numerically computed responses of S7 (horizontal axis). While the first row
shows impact responses (i.e., at time ¢ = 0), long-run responses (i.e., at time ¢t = 10) are
displayed in the second row. Strikingly, as can be seen in Fig. 28(a)-28(b), the model
reproduces very well the responses of the LIS on impact in both sectors, the correlation
coefficient being equal to 0.99 for tradables and 0.94 non-tradables as well. In the long-
run, the correlation coefficient is lower at 0.93 for tradables and 0.80 for non-tradables.
For tradables, our model has some difficulty to replicate the response of S for Austria
at t = 10. Turning to non-tradables, the model has some difficulties to account for the
responses for Japan at ¢ = 10 and Ireland at any horizon. With the exception of these
countries (mostly in the long-run), our model does a good job in replicating the evidence
for redistributive effects.
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Figure 29: Cross-Country Relationship from Simulated Responses vs. Cross-Country Re-
lationship from VAR Estimates. Notes: Fig. 29 plots impact and long-run responses of LIS responses in
the traded and the non-traded sector against FBTC following a 1% permanent increase in the relative productivity of
tradables. Horizontal axes report numerical and empirical estimates of FBTC. Vertical axes report responses of LIS
from the baseline model (black squares) and the VAR model (blue circles). The solid blue line shows the cross-country
relationship from VAR estimates whilst the solid black line displays the cross-country relationship from numerical
estimates. Time series for FBTC are constructed by using (7) and responses of FBTC are estimated empirically by

running a simple VAR model [Zit, FBTC“] for one country at at time; responses of LIS are obtained by estimating
a VAR model which reads as follows [ZA“,L%JL it l%zt} The system consisting of (46a)-(46b) enable us to compute

numerically FBTC as shocks to A7 and BJ consistent with empirical responses of ZJ, s]L and kJ and making use
of panel data estimates of o7 taken from columns of Table 4. Numerically computed responses of LIS in sector j

are those obtained by calibrating and simulating the semi-small open economy model with IML and CES production
functions given shocks to B7 and A7 in sector j.

M.2.3 Cross-Country Relationship between LIS and FBTC: Model vs. Data
for Long-run Responses

In the main text, we contrast empirical with numerical estimates of impact responses of LIS
by considering alternatively a model imposing HNTC or a model allowing for FBTC. In
Fig 29, we plot impact and long-run responses of LIS on the vertical axis against responses
of FBTC on the horizontal axis. Simulated responses are shown in black squares while
empirical responses are displayed in blue circles. We restrict attention to the baseline
model which allows for FBTC. The conclusion that emerges is that the model can produce
a positive cross-country relationship shown in the black line which is similar to that found
in the data shown in the blue line at any horizon and in both sectors.

M.2.4 Deviation from Hicks-Neutral Technological Change in the Long-Run

In the main text, to save space, we restrict attention to impact effects and plot the measure
of the deviation from HNTC (50) estimated empirically (on the horizontal axis) against the
measure estimated numerically (on the vertical axis). The left panel of Fig. 30 contrasts
empirical with numerical estimates of (50) in the long-run (i.e., ¢ = 10) when we allow for
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Figure 30: Deviation from Hicks-Neutral Technology Shocks: Data vs. Model. Notes: In Fig.
9, we investigate whether in countries where technology shifts are biased toward capital, capital intensive industries
contribute more to TFP changes in the long-run. To perform this investigation, we compute a measure of the deviation
from Hicks neutral technological change. This index is a weighted average of TFP shocks within each industry which
are weighted by the valued added share of this industry along with the difference between this industry’s capital income
share and average capital income share. Drawing on Acemoglu’s [2003] model, capital- (labor-) intensive industries
perform capital- (labor-) augmenting technological change. In this setup, if capital income shares were equal across
industries, then technological change should be Hicks-neutral. On the horizontal axis, we report estimated values
of our measure of deviation from Hicks neutral technological change. When this measure takes positive (negative)
values, technology shocks are biased toward capital (labor). Then, we compute the same measure numerically which
is shown on the vertical axis.

two lags in the VAR model while the right panel compares both measures by allowing for
one lag. Like for impact responses, we find that countries where capital relative to labor
efficiency increases are those where capital-intensive industries contribute more to traded
TFP shifts. More specifically, economies which lie in the south-west are those where TFP
gains are concentrated toward labor-intensive industries and these countries experience
an increase in labor relative to capital efficiency. Conversely, countries which lie in the
north-east are those where TFP shifts are concentrated toward capital-intensive industries
(horizontal axis) and these economies experience an increase in capital relative to labor
efficiency (vertical axis). Conversely,
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